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of  the  same  as  Bulletin  No.  48  of  this  Division. 
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^.  Chief  of  Division  of  Chemistry. 

Hon.  J.  Steeling  Mobton, 
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ZINC  IN  EVAPORATED  APPLES. 


The  development  of  the  evaporated  fruit  industry  in  this  country  has 
rendered  available  for  export  large  quantities  of  evaporated  apples. 
By  reason  of  the  modern  improvements  in  the  methods  of  evaporation, 
the  desiccated  apples  retain  to  a  remarkable  degree  their  freshness 
and  flavor.  After  preparation  for  the  table,  the  evaporated  fruits  are 
scarcely  distinguishable  from  their  fresh  state  either  in  color  or  taste. 

In  the  last  few  years  many  objections  have  been  made  in  foreign  coun- 
tries to  the  use  of  evaporated  fruits  on  account  of  their  contamination 
with  zinc.  By  reason  of  the  complaints  made  by  exporters  and  consu- 
lar agents,  the  Secretary  of  Agriculture  authorized  an  investigation  to 
be  made  for  the  purpose  of  determining  whether  evaporated  apples 
contain  zinc,  and  if  so,  whether  in  quantities  prejudicial  to  health. 

INVESTIGATIONS   AND  ANALYSES  HEBETOFOBE   MADE. 

In  beginning  this  investigation  a  search  was  tirst  made  in  the  litera- 
ture of  the  subject  to  find  out  what  had  been  accomplished  in  the  mat- 
ter heretofore,  and  to  learn  the  methods  of  investigation  and  analysis 
employed. 

In  1886  a  large  number  of  samples  of  evaporated  apples  was  exam- 
ined by  Prof.  S.  A.  Lattimore,  of  Rochester,  N.  Y.,  and  the  report  of  his 
work  was  published  in  the  Sixth  Annual  Report  of  the  State  Board  of 
Health  of  New  York.  The  samples  collected  by  Dr.  Lattimore  were 
dried  on  galvanized  iron  trays.  At  that  time,  he  states,  it  was  the  cus- 
tom of  the  manufacturers  to  sulphur  the  apples  after  they  were  sliced, 
so  that  the  surface  of  the  slices  saturated  with  sulphurous  acid  was 
brought  into  direct  contact  with  the  galvanized  iron  during  the  process 
of  drying. 

No  traces  of  zinc  were  found  in  the  samples  examined  by  Professor 
Lattimore,  &nd  this  seems  strange  in  view  of  the  experience  of  our 
own  and  other  analysts.  Nevertheless,  it  was  noticed  that  the  galvan- 
ized iron  wires  suflFered  oxidation  and  lost  zinc.  In  a  given  sample  of 
the  wire  cloth  used  in  making  the  bottoms  of  the  trays,  33  per  cent  of  its 
weight  of  zinc  was  found.  In  another  sample  of  the  same  cloth,  used 
for  three  years,  only  9  per  cent  of  zinc  was  found.  This  shows  a  loss 
of  24  per  cent  of  zinc,  which,  it  is  explained,  was  caused  principj^lly  by 
mechanical  means.  Dr.  Lattimore  concludes  that  there  can  exist  no 
well-founded  cause  of  apprehension  of  any  dangerous  contamination  of 
evaporated  apples  with  zinc,  and  it  is  a  matter  of  (iongratnlation  in 
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the  manufiicture  of  an  article  of  food  so  extensively  used  and  likely  to 
come  into  still  more  common  use  that  there  exists  but  slight  x>ossibility 
of  the  deterioration  of  the  nutritive  value  of  the  product  by  the  addi- 
tion, incidentally  or  otherwise,  of  any  foreign  substance. 

In  the  report  of  the  dairy  commissioner  of  New  Jersey  for  1890  occurs 
an  article  ou  dried  apples  by  Professor  Cornwall,  of  Princeton.  Pro- 
fessor Cornwall  analyzed  18  samples  of  dried  apples  purchased  from 
dealers  in  various  parts  of  New  Jersey.  Of  this  number  4  contained  no 
zinc,  in  2  traces  of  zinc  were  found,  and  in  the  other  12  were  separated 
weighable  quantities  thereof.  The  largest  percentage  found  was  0.18, 
and  the  smallest  0.002.  In  only  one  case  out  of  the  18  is  the  amount 
of  zinc  sufficient  to  cause  any  suspicion.  In  the  other  cases,  where  zinc 
was  present  at  all,  its  quantity  was  insignificant  and  wholly  incapable 
of  producing  any  poisonous  eflfect  whatever  upon  the  organism. 

Cornwall,  in. quoting  from  Lattimore's  report  (Report  of  the  Dairy 
Commissioner  of  the  State  of  New  Jersey  for  1889,  p.  46),  states  that 
the  apples  in  the  process  described  by  Lattimore  are  dried  in  an  atmos- 
phere of  sulphurous  acid  derived  from  burning  sulphur,  the  fruit  being 
spread  on  screens  of  galvanized  iron  wire.  This  statement,  however, 
does  injustice  to  Lattimore's  report,  as  will  be  seen  further  along. 

SULPHURING  APPLES — OBJECT. 

While  inspecting  the  processes  used  in  the  evaporation  of  apples  in 
the  principal  factories  in  northwestern  New  York,  in  the  autumn  of 
1895,  it  was  observed  that  sulphuring  in  every  instance  was  accom- 
plished by  exposing  the  apple,  after  the  removal  of  the  skin  and  core, 
to  the  action  of  the  fumes  of  burning  sulphur.  The  apples  during  this 
process  are  held  on  wooden  trays,  and  in  no  observed  case  were  they 
sliced  before  the  sulphuring  process.  It  is  often  stated  that  the  sul- 
phuring is  accomplished  after  the  apples  have  been  sliced  and  placed 
upon  the  galvanized  iron  trays.  If  this  ever  was  the  custom,  it  has  been 
abolished,  and  there  seems  to  be  no  possibility  from  the  manner  in 
which  the  sulphuring  is  now  accomplished  of  the  process  contributing 
in  any  way  to  increasing  the  amount  of  zinc  present.  The  object  of  the 
sulphuring  is  twofold.  In  the  first  place,  it  prevents  the  darkening  of 
the  freshly-cut  surface  of  the  fruit.  By  reason  of  the  oxidizing  eflFects 
of  the  air  the  freshly  cut  surfaces  of  apples  soon  turn  brown.  The  sul- 
phuring prevents  this  and  preserves  the  natural  color  of  the  fruit  for  a 
considerable  period  when  exposed  to  the  air.  It  might  be  supposed 
that  the  sulphuring  of  the  whole  apples  before  slicing  would  not  be  suffi- 
cient to  preserve  the  fresh  color  of  the  surfaces  after  slicing.  During 
the  short  time  to  which  the  apples  are  exposed  to  the  fumes  of  burning 
sulphur,  not  exceeding,  as  a  rule,  half  an  hour,  it  might  be  supposed 
that  the  action  of  the  sulphurous  acid  would  be  wholly  superficial. 
Nevertheless,  experience  has  shown  that  this  method  of  procedure  is 
quite  sufficient  to  preserve  the  natural  color  of  the  slices  and  to  pre- 
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vent  them  from  becoming  dark  during  the  process  of  evaporation.  At 
the  same  time  the  quantity  of  sulphurous  acid  which  is  absorbed  is  not 
sufiicient  to  in  any  way  impair  the  flavor  of  the  fruit  nor  to  give  it  any 
odor  of  sulphurous  acid  when  packed  in  boxes  for  shipment. 

The  second  advantage  which  arises  from  sulphuring  the  fruit  is 
in  preventing  the  growth  of  insects  iu  the  evaporated  product.  While 
it  is  evident  that  the  process  of  sulphuring  is  in  no  sense  a  sterilizing 
proceeding,  yet  it  seems  sufficient  to  prevent  insects  from  depositing 
their  eggs  upon  the  evaporated  slices,  at  least  to  a  certain  extent. 
Nevertheless,  we  have  found  insects  in  some  of  the  samples  collected  for 
analysis.  These  insects  have  been  studied  by  the  Division  of  Ento- 
mology, and  the  following  varieties  have  been  identified :  Uphestia  elu- 
tellaj  3phe8tia  interpunctella^  and  Silvanvs  surinamenais.  The  first  of 
these  insects  has  not  been  previously  known  to  infest  dried  apples,  but 
it  is  commonly  found  in  cacao  beans,  fifgs,  and  English  walnuts. 

As  a  further  protection  against  insects  in  dried  fruits,  Hilgard  states 
that  the  sulphuring  is  sometimes  repeated  after  the  evaporation.  (Cali- 
fornia Agricultural  Experiment  Station,  Bulletin  86.)  This  process, 
however,  is  to  be  condemned,  because  the  dried  fruit  retains  more  per 
sistently  the  sulphurous  acid,  which  affects  very  seriously  its  flavor, 
giving  to  a  freshly  opened  package  the  odor  of  burning  sulphur,  sup- 
planting entirely  the  pleasant  ethereal  odor  which  the  fruit  should 
emit.  According  to  Hilgard,  the  consumer  has  reason  to  object  to  the 
sulphuring  of  the  dried  fruit  for  two  reasons,  one  of  which  is  that  the 
ill-prepared  or  damaged  fruit  which  otherwise  could  not  be  sold  is 
bleached  and  made  presentable  in  market,  and,  second,  that  the  flavor 
of  the  fruit  is  either  seriously  impaired  or  totally  destroyed.  Such  a 
resnlphured  fruit  contains  also  considerable  quantities  of  the  sulphur- 
ous acid,  the  excessive  consumption  of  which  may  impair  digestion  and 
affect  the  health  of  the  consumer.  Finally,  the  excess  of  sulphurous 
acid  in  evaporated  fruits  becomes  converted  by  gradual  oxidation  into 
sulphuric  acid.  The  amount  of  sulphuric  acid  which  has  been  found  in 
such  sulphured  dried  fruits  is  six  times  as  great  as  that  which  occurs 
in  ansulphured  samples  of  the  same  variety.  Hilgard  suggests,  as  a 
substitute  for  sulphuring,  dipping  the  sliced  apples  for  a  few  minutes 
into  a  solution  of  salt  containing  about  two  ounces  of  common  salt  to 
five  gallons  of  water.  This  process  prevents  any  spotting  where  the 
fruit  has  been  touched.  Instead  of  the  salt  a  similar  solution  of  the 
bisulphites  of  soda  or  lime  may  be  used,  which  effects  a  slight  external 
bleaching  without  injury  to  the  flavor  of  the  fruit. 

It  is  doubtless  true  that  even  the  superficial  bleaching  to  which  the 
apples  are  subjected  in  the  process  of  evaporation  as  now  carried  on, 
tends  to  increase,  in  a  slight  degree,  the  quantity  of  sulphuric  acid  in 
the  ash  of  the  evaporated  fruit.  It  is  not  believed,  however,  that  this 
increase  is  in  any  way  prejudicial  to  health  or  objectionable  from  any 
point  of  view.    It  can  not  be  denied  that  attractiveness  of  appearance 
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does  something  more  than  merely  please  the  eye  in  food  products.  The 
impression  produced  by  food  of  an  attractive  appearance  tends  to 
stimulate  the  activity  of  the  gastric  cells  and  to  promote  in  many  ways 
the  process  of  digestion.  The  Iresh  appearance  of  evaporated  fruits 
secured  by  the  moderate  bleaching  which  has  been  described  is,  in  my 
opinion,  of  value,  and  fiilly  justifies  the  process.  It  is  only  when  the 
blejiching  is  overdone,  or  when  it  has  been  applied  in  excess  to  fruits 
already  discolored  and  dried,  that  it  can  be  justly  condemned. 

The  sulphuring  process  as  described  by  Lattimore  in  1886  (Sixth 
Annual  Report  of  the  State  Board  of  Health  of  l^ew  York)  was  con- 
ducted as  follows: 

The  apples  are  pared,  cored,  and  sliced  by  machines  which  are  operated  with  (spreat 
rapidity,  either  by  hand  or  steam  power.  The  slices,  which  are  about  balf  an  inch 
thick,  are  placed,  in  shallow  trays  or  drawers  which  are  transferred  to  a  closed  box, 
in  the  base  of  which  a  small  quantity  of  sulphur  is  kept  burning.  The  arrangement 
is  such  that  a  number  of  these  trays  may  be  introdirced  at  the  same  time,  one  above 
the  other,  and  all  exposed  to  the  fumes  of  burning  sulphur  as  it  circulates  among 
them,  finally  escaping  into  the  chimney.  After  being  submitted  to  the  sulphuring 
treatment,  the  slices  are  transferred  to  the  drying  screens,  consisting  of  light  rectan- 
gular wooden  frames  supporting  the  wire  cloth,  woven  of  iron  wire  coated  with  zinc. 

This  method,  as  has  already  been  stated,  has  been  superseded  by  the 
more  modern  one  of  applying  the  sulphur  fumes  before  slicing. 

PROCESS  OF  EVAPORATING  FRUITS. 

In  the  modem  processes  of  manufacture  the  object  has  been  to  secure 
the  fruit  in  an  evaporated  state  as  soon  as  possible  after  the  commence- 
ment of  ox)erations  ui)on  it.  It  is  not  the  purpose  here  to  describe  the 
drying  kilns  and  the  machinery  by  means  of  which  the  apples  are  pre- 
pared. Those  interested  in  a  study  of  modern  drying  kilns  can  find 
them  fully  described  by  Professor  Bailey,  in  Bulletin  100,  of  the  Cornell 
Agricultural  Experiment  Station.  In  four  of  the  largest  factories  for 
the  manufacture  of  evaporated  fruits  in  northwestern  New  York  the 
process  as  observed  by  personal  inspection  is  conducted  as  follows: 

The  apples  are  pared  and  cored  by  machinery,  after  which  they  are 
placed  in  wooden  trays  with  perforated  bottoms  and  transferred  to  a 
wooden  box  which  serves  as  a  chimney  for  conducting  off  the  fumes  of 
burning  sulphur.  The  arrangement  of  this  box  in  some  cases  is  quite 
ingenious.  In  one  instance  the  trays  are  carried  through  a  box,  which 
lies  in  a  horizontal  position,  by  a  slowly  revolving  continuous  apron, 
consuming  about  twenty  minutes  in  transit.  In  other  instances  differ- 
ent mechanical  devices  were  noticed,  but  the  process  was  essentially 
the  same  in  all  cases. 

The  sulphured  apples  are  next  passed  to  a  slicing  machine,  in  which 
the  knives  and  other  parts  in  contact  with  the  fniit  are  made  of  bronze. 
By  this  machine  they  are  cut  into  slices  a  little  more  than  a  quarter  of  an 
inch  thick,  each  perfect  slice  having  a  circular  perforation  in  the  center 
caused  by  the  previous  removal  of  the  core.    It  is  this  appearance  of 
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the  slices  which  has  given  evaporated  apples  in  Germany  the  common 
name  "Bingiipfel.^  After  slicing,  the  pieces  are  spread  in  thin  layers  on 
shallow  trays  of  different  sizes,  made  in  every  instance  observed  by  me 
of  galvanized  iron  wire.  The  slices  should  not  be  more  than  two  deep, 
and  in  order  to  secure  an  even  and  uniform  drying  should  not  stick 
closely  together.  The  trays,  when  filled,  are  transferred  to  large  dry- 
ing furnaces  heated  with  steam  or  hot  air,  and  the  temperature  and  draft 
so  regulated  as  to  secure  the  required  degree  of  desiccation  in  from 
three  to  four  hours.  It  should  be  noted  here  that  before  beginning  the 
operations  above  mentioned  the  apples  are  passed  through  screens,  to 
separate  them  into  grades  of  uniform  size,  and  all  decayed  or  injured 
fruit  is  removed.  After  the  apples  are  pared  they  are  again  examined 
for  decayed  spots,  and  these,  if  not  too  large,  are  removed  with  a  knife 
before  the  apples  are  sulphured  and  passed  to  the  slicing  machine. 

After  the  trays  are  removed  from  the  drying  kilns  the  evaporated 
slices  are  removed  and  any  imperfectly  dried  slices  separated  and 
thrown  together  for  subsequent  additional  evaporation.  In  some 
instances  I  noticed  that  the  trays  were  oiled  from  time  to  time,  to  pre- 
vent the  evaporated  slices  from  sticking  tliereto.  The  evaporated  fruit 
is  thrown  into  large  heaps  on  a  clean  floor  and  allowed  to  remain  for 
about  two  weeks,  being  occasionally  turned  over  with  a  shovel.  By 
this  process  the  slices  all  acquire  a  uniform  percentage  of  moisture. 
They  are  then  sifted,  so  as  to  secure  them  in  sizes  of  uniform  dimen- 
sions, after  which  they  are  packed,  usually  with  the  help  of  pressure, 
into  boxes  suited  for  shipment,  as  a  rule  50  pounds  being  placed  in  each 
box.  The  quantity  of  perfect  fruit  secured  in  an  evaporated  state  is 
not  far  from  12  per  cent  of  the  gross  weight  of  apples  entering  the 
manufactory.  Gores  and  skins  may  be  dried  and  used  for  flavoring 
jellies,  etc.,  or  they  may  be  pressed  for  the  purpose  of  cider  making. 
In  the  latter  case  it  is  found  that  about  one  gallon  of  cider  is  secured 
for  each  bushel  of  apples  used. 

I  am  told  that  in  many  establishments,  in  order  to  avoid  the  danger 
of  contaminating  the  evaporated  fruit  with  zinc,  trays  are  employed 
in  which  the  bottoms  are  composed  of  wooden  slats  or  canvas.  The 
objection  to  the  use  of  wood  in  the  manufacture  of  the  trays  lies  in  the 
fact  that  the  parts  of  the  sliced  apples  lying  in  contact  with  the  wood 
are  imperfectly  dried,  so  that  the  product  is  not  of  uniform  nature.  Gn 
the  other  hand,  when  evaporated  apples  are  manufactured  for  the  pur- 
pose of  shipment  abroad,  to  countries  where  sanitary  inspection  is 
exercised,  the  advantage  of  drying  on  wooden  trays  is  manifest,  allow- 
ing of  a  guarantee  being  given  of  the  entire  freedom  of  the  product 
from  zinc. 

STTPEBIOBITY  OP  AMERICAN  EVAPORATED  PRUITS. 

American  evaporated  apples,  on  account  of  their  good  taste  and 
attractive  appearance,  are  much  preferred  by  the  German  public  to  the 
domestic  product.  >Their  consumption  has  also  proved  to  be  of  advan- 
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tage  to  the  haman  body  as  a  tonic  aside  from  their  nutritive  value, 
and  this  is  doubtless  due  to  the  iron  they  contain,  which  is  jjrobably 
derived  from  the  machines  used  for  cutting  them.  Many  of  the  kinds 
which  are  found  in  commerce,  however,  have  been  found  zinciferous, 
due  to  the  zinc  contained  in  the  trays  for  holding  them  during  drying. 
For  several  years,  therefore,  the  Prussian,  at  the  instance  of  the  Ham- 
burg authorities,  have  insisted  upon  having  a  certificate  to  the  effect 
that  the  evaporated  fruits  offered  for  sale  have  not  been  dried  in  contact 
with  galvanized  iron  wires.  All  the  apples  in  a  case  will  not  be  found 
adulterated,  which  comes  from  the  fact  that  only  the  lower  layers  in  the 
drying  apparatus  are  brought  in  contact  with  the  zinc.  Fiederstadt 
concludes  from  his  examinations  that  it  is  very  doubtful  whether  the 
evaporated  fruit  containing  zinc  is  injurious  to  health,  inasmuch  as 
the  content  of  zinc  has  been  found  in  all  cases  a  very  small  one,  amount- 
ing in  the  largest  quantities  found  to  not  more  than  seven-hundredths 
of  1  per  cent.  (Ohemiker-Zeitung,  vol.  19,  p.  1767.)  In  his  own  family, 
where  this  fruit  has  been  used  for  years,  not  the  slightest  injurious 
effect  has  ever  been  noticed.  It  is  quite  certain  that  the  zinc  which  may 
be  present  in  preserved  fruits  and  vegetables  coming  from  the  solder 
should  be  far  more  an  object  of  suspicion  than  that  which  is  contained 
in  evaporated  apples. 

RESTEICTIONS  OF  TRADE  IN  EVAPORATED  APPLES. 

In  a  few  German  cities  the  sale  of  American  evaporated  apples  has 
been  practically  prohibited  unless  a  certificate  be  furnished  to  the  effect 
that  they  contain  lio  zinc.  By  reason  of  this  police  regulation  the  trade 
has  been  very  much  injured  and  in  some  quarters  almost  destroyed. 
In  so  far  as  can  be  ascertained,  no  limits  have  been  fixed  in  regard  to 
the  quantity  of  zinc  which  the  evaporated  fruit  may  contain,  except 
as  mentioned  below,  but  all  samples  containing  zinc  are  exclnded  from 
the  trade.  As  an  illustration  of  the  character  of  the  regulations  in 
regard  to  the  sale  of  the  fruits,  the  action  of  the  police  authorities  of 
Hamburg  and  Cologne  may  be  cited. 

DRIED  APPLES  AT  HAMBURG. 

In  the  report  of  W.  Henry  Robertson,  United  States  consul  at  Ham- 
burg, dated  October  29,  1894,  the  following  comments  are  made  on  the 
trade  in  American  dried  apples  in  Germany  (Consular  Report,  171, 
p.  89): 

I  have  ascertained  in  a  semiofficial  way  that  a  movement  is  now  being  set  on  foot 
by  the  Imperia]  German  Government,  and  is  already  engaging  the  attention  of  the 
aathorities  of  this  city  and,  I  presume,  of  the  other  cities  of  the  Empire,  looking  to 
the  complete  exclusion  under  the  imperial  law  regarding  the  traffic  in  articles  of 
food,  etc.,  of  May  14,  1879,  of  dried  and  evaporated  apples  from  the  United  States 
which  are  found  on  arrival  in  Germany  to  contain  more  than  a  specified  quantity  of 
metallic  zinc,  arising  from  the  drying  of  the  apples  on  zinc  plates  or  frames. 

£ach  locality  determines  for  itself  what  quantity  of  zinc  the  apples  consumed 
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therein  can  contain  without  being  detrimental  to  health ;  but  the  tendency  woald 
seem  to  be  to  exclude  the  fruit  when  found  to  contain  any  zinc  whatever.  The  laws 
of  Hamburg  prohibit  the  sale  or  offering  for  sale  of  apples  having  more  than  0.01 
per  cent  of  metallic  zinc.  By  metallic  zinc  is  meant  the  actual  amount  of  the  Mietal 
left  after  separating  the  chemical  combination  of  zinc  and  the  acid  of  the  apples. 

For  a  number  of  years  dried  apples  in  the  form  of  slices,  pieces,  or  rings  have 
been  imported  into  Germany  from  the  United  States,  and  it  has  been  observed  that 
this  fruit  often  contains  zinc  in  such  quantities  that,  according  to  medicinal  author- 
ity, the  consumption  of  the  same  may  prove  detrimental  to  health.  The  German 
authorities  have,  in  consequence,  since  about  five  years  ago  endeavored  by  every  pos- 
sible means  to  prevent  the  importation  of  American  dried  fruits  containing  zinc  and 
to  bring  about  the  judicial  punishment  of  the  venders  of  such  merchandise. 

In  many  cities,  as,  for  instance,  Hamburg,  largo  quantities  of  American  dried 
apples  containing  zinc  have  been  confiscated  by  the  police  authorities  or  forcibly 
reexported.  The  courts  have,  in  many  cases,  unequivocally  decreed  that  the  sale  of 
dried  apples  containing  zinc  must  be  regarded  as  an  offense  against  the  German 
food  law,  in  so  far  as  the  consumption  of  articles  of  food  containing  zinc  shall  be 
liable  to  injure  human  health. 

The  opinion  of  the  medical  authorities  regarding  the  contents  of  zinc  of  the  Ameri- 
can dried  apples  is  that  the  smallest  quantities  of  zinc  may  lend  articles  of  food 
qualities  detrimental  to  health. 

Of  late  the  control  of  American  dried  apples  in  Germany  has  become  more  rigid, 
on  account  of  an  appeal  of  the  German  chancellor  to  the  federated  governments, 
requesting  them  to  instruct  the  respective  authorities  to  supervise  the  traffic  in  these 
goods,  to  have  samples  examined  by  food  chemists,  and,  if  found  necessary,  to  lodge 
complaints  against  the  sellers  of  goods  injurious  to  health. 

The  sequel  to  these  investigations  is  not  unlikely  to  be  the  issuing  of  an  order 
forbidding  the  sale  in  Germany  of  apples  containing  zinc. 

There-  is  no  doubt  that  the  American  trade  in  dried  apples  woald  sufier  severely 
through  such  a  measure,  and  the  only  way  for  the  purchasers  of  such  goods  to  pro- 
tect themselves  against  losses  would  be  in  the  removal  of  the  causes  for  the  exist- 
ence of  zinc  in  the  apples. 

It  is  safe  to  assume  that  these  causes  are  not  attributable  to  any  condition  of  tho 
soil,  but  that  tho  zinc  gets  into  the  apples  during  the  drying  process  on  zinc  plates 
or  frames,  the  acid  of  the  apples  chemically  absorbing  zinc. 

Although  by  the  employing  of  zinc  plates  or  frames  the  dried  apples  retain  a  fine, 
light  color,  it  would  not  seem  to  be  advisable  to  employ  such  means  for  the  sake  of 
a  comparatively  small  and  purely  external  advantage. 

Racks  or  frames  of  wood  can  be  used  just  as  well  as  those  made  of  metal,  or  the 
apple  slices  might  even  be  strung  upon  strings  or  cords.  These  methods  are  often 
employed  in  Germany,  and,  therefore,  the  brownish  color  of  the  products  obtained 
through  them  would  not  put  them  to  any  disadvantage  so  far  as  their  importation 
into  Germany  is  conceme<l. 

The  above  are  almost  the  literal  ideas  of  a  gentleman  here  with  whom  I  have  con- 
versed fully  on  this  subject,  and  who  has  given  me  much  valuable  information. 

While  the  object  in  making  this  report  is  to  warn  our  exporters  of  dried  fruit  and 
other  food  products  that  it  is  all-important  that,  at  this  particular  juncture,  the 
articles  sent  by  them  to  this  country  should  be  so  prepared  in  every  way  as  to  offer  no 
grounds  for  complaint  on  the  part  of  either  German  officials  or  competing  dealers 
here,  such  as  might  be  successfully  used  to  injure  or  destroy  our  trade,  1  do  not  feel 
disposed  to  admit,  by  any  means,  without  farther  proof,  the  full  extent  of  the 
alleged  defects  in  our  food  products  that  are  being  claimed  here. 

Exporters  who  really  send  to  this  country  unhealthy  and  inferior  articles  must 
and  ought  to  expect  disad vantages  for  their  goods  when  competing  with  purer 
ooea;  ba^l  f^\  ooiiviiice4  that  our  Govenuneat,  upon  the  proper  repreoeutatioDSi 


Digitized  by 


Google 


14 

will  take  all  the  Decessary  steps  to  protect  the  healthfnl  and  nnadulterated  wares  of 
our  exporters  from  unfair  and  unreasonable  interference  when  offered  for  sale  in  the 
markets  of  Germany,  and  that  it  will  use  every  means  to  prevent  any  restrictions 
being  imposed  upon  them  here,  save  such  as  are  actually  justifiable  from  a  sanitary 
standpoint,  and  such  as  are  applied  to  similar  articles  when  produced  here  or 
imported  from  other  countries  than  the  United  States. 

DRIED  APPLES  AT  COLOGNE. 

Ill  a  report  of  William  D.  Warner,  the  United  States  cousul  at  Cologne, 
dated  February  9, 1895,  the  text  of  an  order  warning  the  public  against 
the  consumption  of  American  evaporated  apples  was  given.  The  full 
report  is  as  fSllows: 

An  order  has  just  heen  issued  by  the  police  administration  of  Cologne  and  pub- 
lished in  the  local  papers  warning  the  public  against  eating  sliced  American  dried 
apples.  It  says  that  large  quantities  of  such  ai)ple  slices,  chiefly  of  American 
origin,  are  offered  for  sale  hero  which  contain  a  larger  or  smaller  quantity  of  zinc. 
Of  13  samples  selected  for  investigation,  11  are  said  to  have  contained  zinc.  It 
asserts,  further,  that  the  presence  of  zinc  is  due  to  the  fact  that  the  apple  slices 
from  America  are  not  dried,  as  is  done  here,  on  wooden  racks,  but  on  zinc  netting. 
By  this  process  there  is  formed  in  the  apples  malate  of  zinc,  which  has  an  analogous 
operation  to  that  of  lactate  of  zinc.  According  to  experts,  the  eating  of  such  an 
article  may  undoubtedly  be  injurious  to  health,  especially  to  children  and  those  who^ 
have  weak  constitutions.    Continuing,  the  mayor  of  the  city  says: 

''I  therefore  feel  obliged  to  give  strict  warning  against  the  sale  and  the  eating  of 
American  dried  apple  slices,  and  give  notice  to  those  offering  such  articles  for  sale 
that  they  will  be  proceeded  against  in  accordance  with  the  imperial  law  regulating 
the  trade  in  food  and  food  products.'' 

There  is  a  considerable  trade  in  this  market  in  American  dried  apples,  and  I  am 
informed  by  an  agent  representing  a  large  Chicago  firm  here  that  this  order  will 
frighten  the  public  against  eating  such  apples,  and  thereby  injure,  if  not  destroy 
altogether,  this  trade. 

According  to  the  statistics  for  the  German  Empire,  there  were  imported  into  Ger- 
many from  the  United  States  in  1893,  2,968  tons,  and  in  1894, 2,133  tons  of  dried  fruit, 
which  I  understand  to  be  dried  apple  slices. 

In  a  supplemental  report  of  the  same  consul,  dated  February  11, 1895, 
attention  is  called  to  some  modifications  of  the  order,  the  nature  of 
which  wiU  be  indicated  by  the  selections  from  the  report  given  below: 

Supplementary  report. 

Referring  to  my  report  forwarded  to  the  Departmont  of  State  under  date  of  Feb- 
ruary 9, 1  have  to  report  further  that  a  number  of  the  dealers  here  in  American  dried 
apple  slices  have  since  appealed  to  the  mayor  of  Cologne  to  modify  his  warning  to 
the  public  under  date  of  the  6th  instant  so  as  not  to  prejudice  consumers  against 
such  apple  slices  that  are  dried  (evaporated)  on  wooden  racks  and  contain  no  zinc. 
This  has  been  done  publicly  by  the  mayor  as  follows: 

"My  notice  of  the  6th  instant  has  given  rise  to  the  misunderstanding  that  the 
eating  of  American  evaporated  apple  slices  are  iigurious  to  health,  and  those  persons 
offering  such  article  for  sale  would  be  punished.  This  is  by  no  means  the  case.  The 
notice  has  reference  only  to  such  American  dried  apple  slices  as  have  been  dried  on 
zinc  netting  and  contain  zinc,  and  not  to  those  that  have  been  dried  on  wooden  racks 
and  contain  no  zinc.'' 

If  the  American  firms  desire  to  hold  on  to  this  already  thriving  Amerioan  trade  in 
this  market}  they  are  advised  to  evaporate  tbe  apples  o^ly  on  wooden  raoka  and  see 
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to  it  that  the  apples  so  prepared  are  entirely  free  of  zino,  as  the  mere  traces  of  this 
ingredient  would  caase  them  to  be  objected  to  by  the  health  officials.  One  agent 
has  suggested  to  me  that  it  would  be  advisable  for  the  American  firms  to  furnish 
with  each  shipment  an  authenticated  certificate  that  the  apples  have  been  analyzed 
by  an  expert  chemist  and  are  absolutely  free  from  zinc. 

ANALYSES  UNDERTAKEN  BY  THE  DEPABTMENT. 

In  view  of  the  information  contained  above,  analyses  were  ordered,  and 
it  was  suggested  that,  in  view  of  the  restrictions  referred  to,  an  exam- 
ination be  made  of  the  fruits  intended  for  shipment  to  foreign  ports, 
and,  further,  that  the  State  Department  be  requested  to  ask  our  consuls 
in  localities  where  trade  in  American  evaporated  apples  was  restricted 
or  prohibited,  to  procure  samples,  especially  of  those  fruits  which  were 
condemned  for  sanitary  reasons,  and  transmit  them  to  this  Division  for 
analysis. 

In  harmony  with  these  recommendations,  instructions  were  given  to 
secure  samples  of  evaporated  apples  from  exporters  in  New  York  City 
and  fi*om  the  manufacturers,  and  a  communication  was  directed  to  the 
Secretaiy  of  State  soliciting  the  cooperation  of  the  consular  officers, 
which  was  cheerfully  granted,  and  resulted  in  the  receipt,  in  due 
time,  of  samples  of  evaporated  American  apples  from  Frankfort,  Ger- 
many, together  with  the  following  reports: 

KESTRirriONS  Against  American  Dried  Apples  in  Germany. 

[BoiMnrt  by  Consiil-Goiieral  Frank  H.  Mason  at  Frankfort.] 

In  reaponse  to  recent  instmctions  of  the  Department,  requiring  the  coUection  and 
retam  of  samples  of  dried  American  apples  which  have  heen  condemned  hy  the 
health  authorities  in  this  district  for  their  alleged  contamination  with  salts  of  zinc, 
1  have  to  snhmit,  with  the  accompanying  samples,  the  following  report,  which  will 
explain  in  some  degree  the  nature  and  scope  of  the  restrictions  which  threaten,  under 
existing  conditions,  to  practically  exclude  from  German  markets  one  of  the  important 
minor  food  products  of  the  United  States. 

On  the  14th  of  May,  1879,  there  was  .enacted  in  Germany  a  national  law  for  the 

protection  of  the  people  from  danger  through  the  sale  of  adulterated,  impure,  or 

unwholesome  articles  of  food,  drink,  or  medicine.    For  the  enforcement  of  this  law 

there  is  in  each  district  or  municipality  a  ''Gesundheits-Amt,''  or  bureau  of  sanitary 

police,  which  is  charged  with  the  inspection  of  all  food  materials,  drinks,  etc.,  that 

sure  offered  for  sale  within  its  jurisdiction.    Under  the  scrutiny  of  these  officials 

evaporated  apples  of  American  origin  have  been  from  time  to  time  during  the  past 

two  years  condemned  on  the  charge  of  containing  a  small  admixture  of  malate  of 

zinc,  presumably  the  result  of  contact,  while  drying,  with  trays  made  of  perforated 

zinc  or  galvanized-iron  wire.    Whether  this  contamination  ever  reaches  such  a  de- 

^eo  as  to  render  the  fruit  actually  unwholesome  is  a  point  concerning  which  the 

German  chemists,  health  officials,  and  importers  have  not  yet  been  able  to  agree, 

and  the  controversy  has  now  reached  an  acute  and  somev/hat  perplexing  stage. 

In  November,  1892,  an  official  declaration  was  issued  by  Dr.  Zimmermann,  chief 
health  officer^  and  Dr.  Loock;  principal  of  the  royal  food  inspection  bureau  for  the 
city  of  Dlisseldorf,  concerning  the  presence  of  zinc  in  American  evaporated  apples. 
(See  Exhibit  A,  page  19.)  In  his  statement  Inspector  Loock  states  that  he  had  at 
varioQS  times  analyzed  samples  of  American  evaporated  apples,  and  had  in  most 
cases  fonn4  tb^m  iVee  from  any  admij^ture  of  siuo.    Such  as  Uad  been  foood  coq* 
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tamiuated  with  salts  of  zinc  contained  asiialiy  from  one-handredth  to  five-hundredths 
of  1  per  cent  of  that  materia],  and  the  highest  percentage  ever  foand  hy  him  was 
0.09  per  cent,  an  amoantof  zinc  which  he  declares  to  he  wholly  insufGcient  to  render 
apples  prejudicial  to  haman  health  when  cooked  and  eaten  in  the  ordinary  manner. 
In  his  accompanying  certificate  Health  Officer  Zimmermann  confirms  this  statement 
of  the  inspector,  and  asserts  that  the  maximum  quantity  of  malate  of  zinc  that 
Could  he  consumed  hy  a  person  at  one  meal  hy  eating  apples  containing  the  highest 
admixture  yet  detected  would  he  less  than  one-fourth  of  an  ordinary  dose  of  acetate 
of  zinc  such  as  is  frequently  administered  in  medical  practice,  and  he  thereupon 
declares  the  dried  apples  in  question  to  he  manifestly  devoid  of  danger  to  consumers. 

ACTION   OF   THE  IMPERIAL   GOVERNMENT. 

Notwithstanding  this  and  other  similar  testimony,  the  agitation 
against  American  evaporated  ai>ples  continued,  and  on  the  16th  of 
April,  1894,  a  circular  letter  was  issued  by  the  imperial  ministry  at 
Berlin,  addressed  to  the  governments  of  the  several  States,  calling 
their  attention  to  the  dangerous  character  of  American  dried  apples, 
and  recommending  special  precautions  for  their  inspection.  This  man- 
date, an  original  copy  of  which  is  herewith  transmitted,  is  translated 
as  follows: 

[Empire  of  Germany.    Circular  from  the  imperial  chancellor  to  the  governments  of  the  German 
States  concerning  American  dried  apples.    From  the  16th  April,  1894.] 

"It  has  been  observed  that  various  dried  apples,  especially  those  of  American 
origin  (evaporated  apples),  which  contain  a  greater  or  less  percentage  of  zinc,  have 
been  offered  for  sale.  This  peculiar  defect  in  these  goods  is  ascribed  principally  to 
the  drying  process  employed  in  America,  by  which  the  fruit  is  evaporated,  not  as 
with  us  npon  wooden  trays,  but  upon  zinc  plates  and  nets  of  zinc-covered  wire. 
Whether  these  apples  are  not  purposely  powdered  with  zinc  oxid  to  give  them  a 
more  attractive  appearance,  or  whether  in  some  cases  this  impregnation  may  be  due 
to  the  fact  that  the  fruit  has  been  g^own  upon  soil  containing  an  admixture  of  zinc, 
are  questions  which  are  for  the  present  left  out  of  the  account.  But  at  all  events, 
there  has  been  found  repeatedly  in  these  goods  so  high  a  proportion  of  malate  of 
zinc  that  in  the  opinion  of -competent  experts  they  are  nndoubtedly  prejudicial  to 
human  health,  especially  since  it  is  to  be  observed  that  the  forms  of  food  prepared 
from  dried  apples  are  often  eaten  by  persons  of  weak  resistance,  such  as  children  and 
convalescents. 

"In  order  to  avert  this  danger  the  already  existing  law  provides  an  adequate  rem- 
edy, since  by  the  provisions  of  paragraphs  12,  14,  and  15  of  the  food-product  law 
(Nahrungsmittel-Gesetz)  of  May  14, 1879,  repressive  measures  may  be  taken  when 
it  is  established  that  the  apples  contain  so  high  an  admixture  of  zinc  as  to  be  preju- 
dicial to  health.  In  fact,  such  measures  have  been  snccessfully  taken  under  the 
authority  of  the  above-cited  paragraphs — as  is  shown  by  the  publications  of  the 
Imperial  bureau  of  health,  page  658,  volume  of  1890,  and  page  115,  volume  of  1893 — 
against  sellers  of  apples  containing  zinc;  at  least  the  goods  were  seized  and  con- 
fiscated. 

"For  the  protection  of  the  public  against  sanitary  dangers  from  the  f<»od  material 
now  under  consideration,  it  is  hereby  recommended  that  the  officials  and  sanitary 
police  who  are  charged  with  the  execution  of  this  law  shall  pay  especial  attention 
to  the  sale  of  dried  apples;  that  they  take  from  time  to  time  samples  of  such  as  are 
exposed  for  sale  and  submit  the  same  to  examination  by  the  inspecting  chemists  of 
food  materials,  and  tb»t  they  ipstitnte  proceedings  ^gaiqst  t^e  sellers  of  unwhole- 
some good«. 
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*'  I  reqnest  that  yoa  will  bring  this  matter  to  the  attention  of  the  proper  officials, 
and  give  snch  instructions  as  may  be  necessary  to  carry  the  law  into  effect.  In  case 
that  successive  or  important  cases  of  this  nature  may  be  found  within  your  juris- 
diction, yon  are  requested  to  report  the  facts  to  this  Department  in  order  that  if 
Decessary  further  and  more  stringent  regulations  may  be  provided,  perhaps  by  the 
entire  suppression  of  the  sale  of  apples  containing  zinc,  under  authority  of  para- 
graph 5,  section  2,  of  the  food-product  law. 

^'By  order  of  the  imperial  chancellor: 

"Von  Rottknburo." 

In  compliance  with  this  mandate,  instructions  were  issued  by  the  royal  ministries 
of  Prussia,  Saxony,  Wtirtemberg,  and  Bavaria.  The  edict  was  officially  published  in 
the  organ  of  the  imperial  health  department  for  July  25, 1894,  and  since  that  time  all 
evaporated  apples  offered  for  sale  in  Germany  have  been  subject  to  the  most  careful 
scrutiny. 

One  of  the  first  cases  which  came  to  trial  under  these  regulations  was  that  of  two 
grocers  at  Halle,  named  Baarmanu  and  Werther,  who  were  indicted  before  the  royal 
civil  court  of  that  city  for  having  sold  American  evaporated  apples  containing  0.096 
per  cent  of  malate  of  zinc.  With  them  were  also  indicted  and  tried  Nicolaus  Haas 
and  Fr.  Arnold  Ritter,  of  Hamburg,  the  importers  from  whom  the  condemned  goods 
had  been  obtained,  and  who  were  therefore  held  as  accessory  to  the  crime.  After  a 
fair  and  full  trial,  in  which  the  chief  health  officer  of  Halle  and  the  sworn  chemical 
expert  of  the  court  gave  elaborate  and  precise  testimony,  the  accused  were  all  acquit- 
ted and  the  costs  of  the  suit  assessed  by  judgment  upon  the  treasury  of  the  State. 
The  grounds  upon  which  the  court  gave  this  judgment  were,  briefly,  that  according 
to  tlie  expert  evidence  adduced,  dried  fruit  containing  the  alleged  proportion  of 
malate  of  acetate  or  zinc  could  not  be  considered  dangerous  to  human  health,  since 
(loses  of  those  salts  four  times  greater  than  the  utmost  quantity  which  a  person  would 
ronsume  in  a  day  from  eating  food  prepared  in  the  usual  way  from  dried  apples  are 
frequently  prescribed  in  medical  practice  to  the  same  patient  during  several  successive 
days  without  danger  of  any  injurious  result.  In  other  words,  although  the  apples 
ander  consideration  might  contain,  as  charged,  a  small  trace  of  salts  of  zinc,  the 
admixture  was  not  sufficient  to  render  them  unwholesome,  and  therefore  neither  the 
importers  nor  grocers  who  offered  them  for  sale  were  amenable  to  penalty  nor  the 
goods  to  seizure. 

PROCKEDINGS  AT  FRANKFORT. 

In  February  of  the  present  year  a  lot<  of  25  cases  of  evaporated  apples  were 
imported  from  Rochester,  N.  Y.,  by  Mr.  Erwin  Boelker,  of  this  city,  and  sold  to  a 
local  grocer  named  Latscha.  The  latter,  in  order  to  avoid  danger  of  arrest  or  con- 
fiscation of  his  goods,  took  the  precaution  before  offering  them  for  sale,  to  submit  a 
sample  for  analysis  to  a  private  chemist  of  high  authority,  who  found  them  to  con- 
tain 0.018  per  cent  of  malate  of  zinc.  The  applea  were  thereupon  returned  by  Mr. 
Latscha  to  the  importer,  who,  not  heing  satisfied  with  the  result,  sent  a  sealed  sample 
from  the  same  box  to  the  same  chemist,  without  stating  from  what  liot  the  sample 
had  been  taken.  The  analysis  of  this  seeoad  sample  showed  that  it  contained  only 
36.6  milligrams  per  kilometer,  or  0.0036  per  cent,  of  zinc,  an  admixture  so-  minute  as 
to  be  hardly  discernible  by  the  most  delicate  process. 

Mr.  Roelker  thereupon  applied  formally  by  letter  to  the  police  authorities  of 
Frankfort  to  know  whether  an  admixture  of  0.018  per  cent  of  salts  of  zinc — 
which  had  been  found  by  the  first  analysis  above  described — would  be  held  sufficient 
to  render  dried  apples  unwholesome  and  subject  the  goods  to  seizure  or  the  seller  to 
prosecution.  He  received  in  reply  an  official  statement  that  an  admixture  of  0.018 
per  cent  of  salts  of  zinc  exceeded  the  limit  of  safety,  and  that  if  fruit  containing 
that  percentage  were  sold  by  him  he  would  be  liable  to  prosecution.  He  then 
appealed  to  the  provincial  government  of  this  department  in  a  long  letter,  citing 
12956— No.  48 2 
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the  above-quoted  decisions  from  DUsseldorf  and  Halle,  protesting  that  he  had 
imported  and  sold  American  evaporated  apples  in  large  quantities  during  the  past 
fifteen  years  without  ever  receiving  or  bearing  of  a  single  complaint  from  any  retailer 
or  consumer  of  such  fruit;  that  no  objection  had  ever  been  raised  against  American 
apples  in  any  European  country  except  Germany,  and,  after  urging  that  since  the 
recent  tariff  reductions  in  the  United  States  such  discrimination  against  a  standard 
American  product  was  at  least  ill  timed,  he  asked  that  the  prohibition  which  the 
Frankfort  police  authorities  had  put  upon  his  trade  should  be  overruled  and  can- 
celed by  departmental  authority.  To  this  petition,  which  was  sent  on  the  19th  of 
February  last,  no  answer  has  yet  been  received,  and  Mr.  Roelker's  imports  of  evap- 
orated apples  have  been  discontinued. 

About  the  same  time — January,  1895 — two  boxes  of  similar  apples  from  a  lot  received 
by  another  Frankfort  importer  from  Chicago  were  sold  to  a  local  retailer  named 
Wiegand,  who  exposed  them  for  sale  in  his  store.  A  policeman  came,  purchased  a 
small  quantity,  and  afterwards  returned  with  a  warrant  summoning  Wiegand  to 
appear  for  trial  at  a  specified  date  for  violation  of  the  law.  Such  of  the  apples 
as  remained  unsold  were  sealed  up  by  order  of  the  court  and  their  further  sale 
forbidden.  The  trial  has  been  postponed  and  fixed  for  four  successive  dates,  the 
last  of  which  is  the  31st  of  this  month.  So  far  as  can  be  ascertained,  these  repeated 
postponements  have  been  due  to  the  inability  of  the  court  to  reconcile  or  decide 
between  the  conflicting  analyses  of  the  chemists  who  have  tested  the  fruit  and  the 
diverse  opinions  of  medical  experts  as  to  where  the  danger  line  in  zinc  adulteration 
should  be  drawn. 

The  whoUy  different  analyses  which  may  be  honestly  derived  from  samples  taken 
from  one  box  of  apples,  or  even  from  different  portions  of  the  same  sample,  are 
readily  explained  by  the  fact  that  any  sample  of  say  half  a  pound  may  contain 
pieces  which  have  rested  upon  the  tray  while  drying,  while  the  overlying  pieces, 
not  having  touched  the  metallic  bottom  of  the  tray,  are  wholly  free  from  any  trace 
of  zinc.  But  as  the  presence  of  one  or  more  contaminated  x>ieces  in  a  box  may  be 
sufficient  under  the  present  German  system  to  condemn  an  entire  box  or  shipment,  it 
follows  that  the  future  dried  apple  export  trade  to  this  country  will  depend  upon 
such  merchandise  being  made  absolutely  free  ftom  any  trace  of  zinc. 

Meanwhile,  earnest  protests  have  been  submitted,  November  30, 1894,  by  the  cham- 
ber of  commerce  at  Hamburg  to  the  committee  of  the  Reichstag  on  commerce  aud 
navigation,  and  by  the  chamber  of  commerce  at  Bremen  to  the  sanitary  bureau  in 
that  city,  both  disclaiming  against  the  present  methods  of  surveillance,  declaring 
the  alleged  danger  from  American  dried  apples  to  be  imaginary,  and  protesting 
against  a  system  which  if  continued  will  practically  exclude  from  Germany  an 
article  of  trade  which  other  nations  accept  without  question. 

Nine  leading  firms  at  Berlin,  Breslau,  Strasburg,  and  Frankfort  have  signed  a 
circular  letter  declaring  that  they  have  each  during  the  past  fifteen  years  sold  annu- 
ally from  500  to  1,000  boxes  of  American  evaporated  apples,  and  that  so  far  as  is 
known  to  them  not  a  single  case  of  illness  has  ever  occurred  from  their  consumption 
by  persons  of  all  ages  and  physical  conditions.  It  is  further  urged  by  those  who 
protest  against  the  present  system  that  if  dried  apple  imports  are  to  be  controlled 
at  all,  the  inspection  should  take  place  at  the  frontier,  and  exclude  all  that  are  found 
to  be  impure,  whereas  they  are  now  allowed  to  be  entered  and  are  condemned  and 
confiscated  only  after  they  have  paid  duty  as  imports. 

The  general  situation  may  therefore  be  summarized  as  follows :  The  importation 
of  American  dried  fruits  to  Germany  on  a  large  scale  began  about  fifteen  years  ago, 
and  now  amounts  to  about  a  million  and  a  half  pounds  per  annum,  of  which  perhaps 
one- third  are  evaporated  apples. 

Against  sun-dried  fruits  of  all  kinds,  no  objection  whatever  is  known  to  exist,  but 
as  the  record  shows,  artificially  evaporated  apples,  when  dried  in  ziuc  or  galvanized 
wire  trays,  may  develop  from  contact  sufficient  salts  of  zinc  to  be  detected  when 
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imported  to  thia  country.  The  obvions  remedy  would  Beem  to  be  to  eliminate  zinc 
entirely  from  the  constmotion  of  every  apparatus  used  to  dry  fruit  for  export. 
Wood  has  been  used  for  this  purpose,  but  it  is  open  to  two  serious  objections:  the 
trays  are  liable  to  take  fire  when  expose^l  to  high  temperatures,  and  contact  with 
wood  while  drying  discolors  apples  and  impairs  their  market  value.  It  is  therefore 
B°gg^te<1,  as  an  easy  way  out  of  the  difficulty,  that  fruit  for  the  German  market 
shall  be  either  sun-dried  or  evaporated  in  trays  of  perforated  tin  or  tinned- wire 
gauze,  either  of  which,  although  more  exi>en8ive  than  zinc,  would  soon  repay  the 
additional  cost  by  wholly  eliminating  the  present  difficulty. 

The  sun-dried  apricots,  pears,  peaches,  and  prunes  of  California  and  Oregon  ate  rec- 
ognized as  superior  to  any  others  of  whatever  origin,  and  the  two  first  named  are  rap- 
idly taking  possession  of  the  German  market.  The  import  duty  on  such  fruits  frotai 
the  United  States  is  95  cents  per  100  kilograms  (220.46  pounds),  and  they  are  retailed 
here  at  about  22  cents  per  pound  (or  half  kilogram).  It  is  somewhat  remarkable 
that  the  best  California  dried  fruits  come  from  Chicagc»,  where  exporters  take  the 
trouble  to  send  expert  agents  to  the  Pacific  Coast  during  the  gathering  season,  where 
they  select  and  superintend  the  packing  of  the  fruit. 

Of  fruits,  as  well  as  all  other  food  products,  only  the  best  and  purest  should  be 
exported  to  a  country  like  Germany,  where  the  laws  protecting  the  public  health 
are  so  searching  and  so  rigidly  enforced  that  the  slightest  defect  is  sure  to  be 
detected,  and  where  the  Avhole  agricultural  population  is  interested  iu  opposing  the 
importation  of  foreign  products  which  compete  directly  with  the  home-grown  supply. 

Fbankfort,  Ma^  22, 1895, 

£XHIBIT  A. 

[Translation.] 

Expert  opinion  oonoeming  the  harmlessness  of  Afnerican  evaporated  apples^  given  by  the 
royal  ckief  health  officer,  Privy  Sanitary  Counsellor  Dr.  Zimmermann,  and  Dr,  Loock, 
chief  inspector  of  the  public  food-inspection  bureau  for  the  city  of  DUsseldorf. 

OFFICIAL  ATTESTATION. 

At  the  request  of  the  merchant  C.  L:  Fusbahn,  of  this  city,  and  as  an  inclosure 
with  the  expert  opinion  of  the  municipal  and  court  chemist,  Dr.  Loook,  of  this  city, 
herewith  presented,  I  hereby  declare  that  through  the  eating  of  a  large  portion  of 
apple  sauce  made  of  the  dried  apples  in  question,  the  amount  of  malate  of  zinc  which 
would  thereby  be  consumed  by  one  person  would  not  exceed  one-fifth  part  of  a  normal 
dose  of  that  salt  which  may  be  prescribed  for  small  children  without  causing  vomit- 
ing; and  further,  that  from  0.5  to  1.2  grams  of  the  acetate  of  zinc,  which  of  all 
zinc  derivates  is  the  most  analogous  to  malate  of  zinc,  are  necessary  to  produce  vom- 
iting when  administered  to  small  children.  In  oases  of  adults,  four  times  the  same 
quantity  would  scarcely  suffice  to  produce  nausea  or  Tomitiog. 

1  therefore  consider  the  eating  of  American  dried  apples  as  manifestly  devoid  of 
danger. 

Dr.  ZiMMERMANN, 

Chief  Health  Officer,  Privy  Couneellor. 
DG86KL.DORF,  November  SO,  1892, 

Certificate  of  Food  Jnepector  Dr,  Loock. 

The  city  food-inspection  bureau  of  the  city  of  Dilsseldorf  has  been  charged  from 
time  to  time  with  numerous  chemical  examinations  of  American  dried  apples,  from 
official  boards,  business  firms,  etc.  These  analyses,  which  in  general  have  tested  the 
quality  and  quantity  of  salts  of  zinc  contained  therein,  have  shown  the  most  various 
results,  according  to  which  the  wholesomeness  of  the  product  is  to  be  judged.  A 
large  part  of  tbese  samples  of  apples  have  been  found  free  from  zinc.  Of  those 
which  contained  zinc,  the  greater  portion  show  an  admixture  of  from  0.01  to  0.05  per 
cent  of  zinc;  the  largest  percentage  found  here  has  been  0.09  per  cent. 
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Considering  that  evaporated  apples  are  for  the  most  part  used  as  a  material  for 
compot  (apple  sance),  and  that  in  the  preparation  of  such  material  100  grams  of 
apples  absorb  about  the  same  amount  of  water,  and  that  since  not  more  than  200 
grams  of  oompot,  containing  100  grams  of  apples,  are  consumed  by  one  person  at 
a  meal,  it  follows  that  through  the  consumption  of  that  quantity  not  more  than 
0.09  gram  of  zinc  salt  would  be  Introduced  into  the  human  organism,  a  quantity 
which,  in  view  of  the  fact  that  such  apples  are  not  eaten  regularly  every  day,  would 
be  quite  insufficient  to  endanger  human  health. 

Dr.  LooCK, 
Chief  of  the  City  Bureau  of  Inspection,  DUsseldorf, 

DC8SELDORF,  November  SS;  1892, 

COLLECTION  OF  SAMPLES  AT  NEW  YORK  FACTORIES. 

In  view  of  the  magnitude  of  the  interests  involved,  further  instruc- 
tions were  given  in  the  autumn  of  1896  to  investigate  the  methods 
employed  at  some  of  the  principal  factories  in  northwestern  New  York 
devoted  to  the  preparation  of  evaporated  apples  for  tlie  foreign  mar- 
!ket.  The  methods  of  manufacture  which  were  observed  in  these  facto- 
ries have  already  been  described.  In  addition  to  this  a  large  number 
•of  samples  of  evaporated  apples  was  secured.  These  samples  were 
taken  in  person  with  the  purpose  of  securing  in  a  manner  as  represent- 
ative as  possible  the  different  grades  of  the  prepared  fruit  under  con- 
ditions which  would,  after  proper  chemical  analysis,  determine  definitely 
the  occurrence  of  zinc  in  the  products  of  manufacture  and  the  condi- 
tions in  which  it  occurred  in  maximum  or  minimum  amounts.  The 
samples  secured  will  be  sufficiently  described  in  a  tabular  form  hereafter. 

During  the  course  of  this  inspection  buyers  and  shippers  of  evapo- 
rated fruits  were  interviewed  and  requested  to  give  their  experiences  in 
seeking  to  sell  the  merchandise  in  foreign  ports.  Without  exception, 
all  exporters  or  dealers  with  exporters  reported  great  difficulties  expe- 
rienced in  certain  German  markets,  and  all  were  anxious  for  some 
method  to  be  adopted  whereby  the  objections  to  American  evaporated 
apples  might  be  removed  and  the  markets  of  all  Europe  opened  to 
them  without  sanitary  restrictions. 

VIEWS  OF  DEALERS  IN  EVAPORATED  FRUITS. 

In  general,  the  views  entertained  by  dealers  and  exporters  are  clearly 
set  forth  in  the  following  extnicts  from  correspondence: 
From  Messrs.  Miiller  &  Fuckel,  Hamburg,  November  2G,  1895 : 

We  are  under  the  impression  that  our  authorities  are  at  present  using  great  leni- 
ency in  the  administration  uf  the  law  which  authorizes  them  to  forbid  the  sale  of 
evaporated  apples  contaminated  with  zinc.  We^  at  least,  do  not  remember  that  any 
lots  hero,  during  this  year,  have  been  confiscated  for  this  reason.  The  contamination 
in  all  cases,  as  far  as  we  know,  was  only  a  small  one. 

We  have  pleasure  to  send  you  by  same  mail  two  samples  of  evaporated  apples 
which,  according  to  an  official  analysis  made  here,  are  reported  to  contain  0.009  per 
cent  and  0.001  per  cent  of  zinc,  respectively. 
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Prom  Messrs.  Pincoffe,  Pieters  &  Co.,  Chicago,  111.,- Hbveniber  30^ 
1895: 

We  have  no  sample  on  hand  at  present  of  any  apples  of  ours  wbiefa  have  heen 
foand  to  contain  zinc  in  Europe,  but  experience  has  taught  us  that  careful  and  close 
chemical  analysis  will  show  some  zinc  in  almost  all  evaporated  apples,  except  those 
which  are  dried  on  wooden  or  canvas  trays.  We  have  given  the  matter  a  great  deal  of 
consideration,  and  naturally  it  has  been  of  great  importance  to  our  business,  and 
the  tronble  regarding  this  question  which  has  arisen  in  Germany  during  the  last  few 
years  has  done  a  very  great  amount  of  harm  to  our  business,  as  well  as  that  of  our 
fellow-exporters.  It  is  a  positive  fact  that  the  x>ercentage  of  zinc  in  the  evaporated 
apples  is  extremely  small,  and  not  enough  to  be  of  any  harm  to  health,  and  this  is 
in  fact  generally  admitted  by  the  medical  authorities  in  Europe,  but  as  the  law  in 
Germany  does  not  define  any  percentage  of  zinc,  it  is  no  matter  whether  practically 
the  article  is  not  dangerous  to  health;  as  long  as  any  percentage,  however  small,  is 
foand,  the  goods  can  be  condemned  according  to  their  law. 

We  believe  it  is  undoubted  that  a  certain  element  of  protection  to  home  indus- 
tries enters  into  this  outcry  against  the  American  evaporated  apples,  but  as  no 
especial  discrimination  is  made  against  the  product  of  this  country,  and  the  law 
applies  to  all  evaporated  apples,  whether  of  home  or  foreign  make,  we  fear  that  it 
will  be  impossible  for  our  Government  to  make  any  representation  that  could  alter 
the  decision  of  the  German  authorities.  Our  Mr.  Pincoffs  when  abroad  last  year 
had  occasion  to  investigate  this  matter  fully,  and  also  talked  it  over  with  our- 
ambassador  in  Berlin.  We  are  now  exporting  a  good  many  apples  which  we  guar- 
antee to  be  entirely  free  from  zinc,  according  to  German  analysis ;  and  if  evaporatora 
will  dry  their  apples  on  trays  entirely  free  from  any  zinc,  and  be  careful  to  have  no 
zinc  instruments  of  any  kind  connected  with  their  evaporating  establishments,  this 
guarantee  can  be  made  with  safety,  and  we  believe  it  will  be  of  great  value  if  yoii 
will  point  ont  these  facts  in  your  forthcoming  bulletin,  a  copy  of  which  we  would 
be  very  happy  to  receive. 

From  Messrs.  Michael  Doyle  &  Co.,  Eocliester,  N.  Y.,  November  29, 
1895: 

We  have  had  considerable  trouble  and  annoyance  for  the  past  ten  years  by  reason 
of  the  condemnation  and  rejection  of  evaporated  apples  which  were  reported  to 
contain  zinc  oxids.  The  trouble  at  the  present  time  is  principally  in  the  German 
Empire.  It  is  due  entirely  to  the  efforts  of  local  fruit  growers  to  stimulate  and 
encourage  the  evaporating  apple  industry  in  Germany,  which  has  proven  a  failure 
there  whenever  attempted,  for  the  reason  that  the  apples  are  in  too  scanty  supply, 
the  prices  too  high,  and  the  people  without  the  technical  knowledge  necessary  to  make 
a  good  marketable  quality  at  values  which  will  compete  with  the  pro<luct  of  our 
country.  This  is  the  secret  of  the  whole  difficulty.  Of  the  thousands  of  tons  used 
in  this  country,  England,  France,  and  the  Scandinavian  countries,  not  a  single  case 
of  illness  has  ever  been  reported  from  the  proper  use  of  the  fruit.  The  action  of  the 
German  authorities  is  of  about  the  same  nature  as  that  which  they  are  waging 
against  our  meat  and  other  proaucts. 

We  are  sorry  to  advise  we  have  no  samples  of  the  goods  reported  to  contain  zinc, 
otherwise  would  be  very  glad  indeed  to  send  them  to  you. 

From  Charles  J.  Murphy,  commissioner  for  the  State  of  Iowa,  U.  8.  A., 
London,  January  18, 1896: 

After  considerable  inquiry  among  local  fruit  dealers,  I  could  And  nothing  against 
the  evaporated  apples  (in  re  zinc),  and  finally  called  on  the  great  house  of  Joseph 
Travers  &,  Sons,  whose  letter  I  inclose,  which  speaks  for  itself. 
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From  Joseph  Travers  &  Sons,  London,  E.  C,  January  17, 1896: 

In  reference  to  yonr  question  as  to  the  condemnation  of  American  dried  apples  on 
account  of  their  being  injured  by  zinc,  we  have  heard  of  no  cases  of  the  kind  in 
England.  The  complaint  originated,  so  far  as  we  know,  in  Germany  and  found  its 
way  in  the  shape  of  an  item  of  news  into  some  of  the  English  papers.  Since  your 
call  we  have  made  some  inquiries  and  can  hear  of  no  case  of  the  kind  in  London. 

From  L.  E.  Eogers,  Albion,  N.  Y.,  January  24, 1896: 

I  am  very  sorry  the  anal3rses  were  not  completed  in  time  to  report  at  Rochester  the 
22d  instant. 

Mr.  Metcalf,  of  the  firm  of  Metcalf  &  Ferguson,  of  Pittsburg,  met  me  in  Rochester 
with  samples  of  aluminium  wire  cloth  as  a  substitute  for  the  present  galvanized  wire 
cloth  so  generally  in  use.  I  introduced  Mr.  Metealf  to  a  number  of  persons  engaged 
in  the  evaporating  business,  who  looked  the  samples  over.  All  seemed  interested  in 
finding  a  substitute  for  the  galvanized  cloth.  The  objection  te  the  samples  seemed 
to  be  that  they  would  not  hold  their  position— that  is,  the  wire  would  be  moved  to 
one  side  or  out  of  position  in  scraping  the  f^uit  from  the  tray,  thus  ruining  the  tray 
very  quickly.  The  galvanizing  on  the  other  style  cloth  holds  the  wire  firmly  in  place ; 
in  fact,  same  is  rigid. 

Mr.  Metcalf  did  not  have  samples  of  the  perforated  plates,  but  from  the  description 
of  them  think  they  will  be  just  the  article  we  want.  He  is  to  send  me  some  samples 
of  same  in  a  few  days,  and  later  will  send  me  some  plates  to  be  used  in  an  experi- 
ment to  be  made  to  test  them  in  actual  work  by  the  side  of  the  aluminium  wire  cloth 
tray — and  checked  by  the  galvanized  wire  tray — in  general  use.  I  hope  to  be  then 
able  to  find  a  substitute  for  the  old  method ;  also  one  that  will  work  perfectly.  After 
making  the  above  experiments,  I  will  report  to  you  fully. 

I  am  very  sorry  I  can  not  make  the  experiments  now,  but  the  expense  would  be  too 
great,  and  to  be  of  any  use  they  should  be  conducted  for  two  or  three  days  at  least 
as  varying  atmospheric  conditions  might  require.  It  is  now  so  late  in  the  season  that 
apples  do  not  handle  as  earlier  in  the  season ;  that  is,  more  solid  and  less  juice.  I 
therefore  think  the  tests  will  be  obliged  to  wait  until  early  fall. 

I  was  told  in  Rochester  last  night  by  the  party  who  sold  me  the  galvanized  wire 
oloth  I  use  on  all  my  trays  that  same  was  free  from  zinc  or  any  trace  of  zinc,  as  the 
firm  who  made  same  used  tin  instead.  Therefore  I  could  fully  guarantee  my  evap- 
orated apples  free  from  zinc. 

I  await  yonr  answer  with  much  interest. 

From  Messrs.  B.  Myers  &  Co.,  New  York,  February  3, 1896: 

In  accordance  with  yonr  request  to  keep  you  posted  on  any  developmente  which 
might  come  up  in  the  matter  o(  zinc  found  or  claimed  to  be  found  in  American  evap- 
orated apples  in  Germany,  we  herewith  beg  to  hand  you  a  translation  of  an  article 
contained  in  the  issue  of  the  Leipziger  Zeitung,  January  16,  1896,  on  this  subject. 
The  original  article  in  German  is  in  our  possession  and  of  course  is  at  the  service  of 
the  Government  if  they  consider  it  worth  while  to  have  it. 

You  will  perceive  that  their  own  medical  colleges  recognize  the  absolutely  harm- 
less character  of  the  worst  specimens  of  American  apples  found  to  contain  any  zinc, 
even  if  consumed  by  the  smallest  of  children.  Under  this  statement  of  facts  it 
should  seem  possible  for  our  Government  to  bring  about  an  amelioration  of  the 
police  regulations  which  permit  the  prohibition  of  sale  of  this  article  of  food  when 
it  contains  the  slightest  trace  of  zinc,  although  recognized  to  be  absolutely  harmless 
to  health. 

Our  trade  has  suffered  most  materially  from  this  law,  as  has  that  of  all  other 
exporters  of  these  goods,  and  we  are  all  hoping  for  speedy  relief  through  the  action 
of  our  Government. 
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[Translation.] 

The  secretary  of  the  interior  of  the  Kingdom  of  Saxony  has  received  notice  from 
the  department  of  the  interior  of  the  German  Empire  that  frequently  dried  apples, 
especially  of  American  origin,  are  offered  for  sale  which  contain  more  or  less  zinc. 

It  is  recommended,  in  order  to  protect  the  people  against  such  danger,  that  special 
attention  should  he  given  to  this  article,  and  that  from  time  to  time  samples  should 
be  analyzed,  and,  if  necessary,  sellers  should  be  prosecuted. 

In  accordance  with  these  suggestions  the  board  of  health  of  Dresden  was  ordered 
to  take  samples  from  various  places  where  such  apples  were  sold,  to  determine  the 
quantity  of  zinc  contained  therein,  and  to  report  thereon. 

By  this  report  it  was  shown  that  in  7  of  the  30  samples  analyzed  no  zinc  or  only 
traces  could  be  found,  while  the  remaining  23  contained  more  or  less  zinc.  In  14  of 
them  the  quantity  of  zinc  ozid  found  in  100  grams  of  apples  varied  between  0.001 
and  0.008  gram,  which  is  equal  to  0.002  to  0.021  gram  malate  of  zinc.  In  the  remain- 
ing 9  samples  the  quantity  of  zinc  oxid  found  was  larger,  varying  between  0.011  and 
0.045  gmm  in  100  grams  of  apples=0.023  to  0.110  gram  of  malate  of  zinc.  Taking 
into  account  that  the  minimum  dose  of  zinc  oxid  for  children  is  0.05  gram  three  times 
a  day,  it  can  not  be  supposed  that  ohildren  should  eat  for  any  length  of  time  three 
times  a  day  50  grams  of  apples.  The  board  doubts  if  even  the  three  samples  with 
the  highest  percentage  of  ^inc  oxid  (0.03  to  0.04  gram  in  100  grams)  could  be  called 
dangerous  to  health. 

As  it  seems,  however,  that  the  department  of  the  interior  shares  the  opinion  of 
some  physicians,  that  apples  with  a  percentage  of  0.02  zinc  could  do  harm  to  health 
if  such  apples  should  be  taken  in  considerable  quantities,  the  board  has  handed  a 
copy  of  its  report  to  the  municipal  board  of  the  city  of  Dresden,  stating  the  above- 
named  facts. 

METHODS  OF  ANALYSIS. 

In  the  method  of  analysis  employed  by  Professor  Cornwall,  the 
evaporated  apples  are  extracted  or  digested  with  very  dilate  hydro- 
chloric acid  for  several  days.  The  liquid  contents  of  the  mass  are  sep- 
arated by  filtration,  the  filtrate  concentrated  to  a  small  bulk,  rendered 
strongly  ammoniacal,  and  the  zinc  finally  precipitated  electrolytically 
as  metal  on  platinum.  In  carrying  out  this  process  the  presence  of 
other  metals  capable  of  being  electrolytically  precipitated  upon  plati- 
num must  be  excluded.  Cornwall  states  that  he  found  neither  copper 
nor  lead  in  any  of  the  samples  examined  by  him,  but  in  a  few  cases  iron 
was  present,  and  the  amount  of  it,  as  determined  in  tlie  usual  way, 
was  deducted  from  the  total  weight  of  the  metal  weighed  as  zinc.  In 
exx)eriments  made  where  known  quantities  of  zinc  were  added  to 
apples  free  of  that  metal,  Cornwall  found  that  98  per  cent  of  the 
added  metal  could  be  recovered  by  the  process  employed  by  him.  He 
therefore  regards  it  as  meeting  the  requirements  of  accuracy  in  every 
respect.  The  chief  objection  to  the  process  is  found  m  the  long  time 
required  in  the  preliminary  digestion  of  the  sample  with  hydrochloric 
acid.  Cornwall  further  discovered  that  there  was  no  connection  between 
the  zinc  fonnd  and  the  color  ot  the  evaporated  fruits. 
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HEFBLMANN'S  method  of  detecting  ZmC  IN  EVAPORTED  APPLES. 

Hefelmaun  uses  the  following  method  for  detecting  zinc  in  evaporated 
fruits  (Cheniiker-Zeitung,  vol.  18,  p.  44)  : 

Two  hundred  grams  of  the  evaporated  fruit  are  placed  in  a  wide-neck  flask  and 
covered  with  enough  25  x>or  cent  hydrochloric  acid  to  fully  immerse  all  and  allowed 
to  stand,  with  frequent  shaking,  for  three  hours,  at  a  temperature  of  from  iO^  to  60^. 
From  two  to  three  times  as  much  water  is  added  as  the  volume  of  the  hydrochloric 
acid  employed,  and  the  flask  is  then  placed  aside,  with  frequent  shaking,  in  a  warm 
place  for  twenty-four  hours.  The  contents  of  the  flask  are  then  filtered  with  the 
help  of  a  suction  pump,  washed  with  1  per  cent  hydrochloric  acid  and  finally  with 
boiling  water.  The  extract  is  concentrated  to  about  one-third  of  its  volume  and 
oxidized  for  half  a  day  with  small  quantities  of  potassium  chlorate.  The  free  chlorin 
is  driven  off  and  the  mass  again  filtered,  the  filtrate  supersaturated  with  ammonia 
and  treated  with  ammonium  sulphide.  After  twelve  hours  the  precipitate  is  separated 
by  filtration  and  oxidized  with  aqua  regia,  heated  until  the  chlorin  odor  has  disap- 
peared, strongly  supersaturated  with  ammonia,  acetic  acid  added,  and  the  zinc  sul- 
phide precipitated  with  hydrogen  sulphide.  After  the  precipitation  is  complete,  10 
grams  of  ammonium  nitrate  are  added  for  each  100  cubic  centimeters  of  the  liquid  in 
order  to  secure  a  better  separation  of  the  zinc  sulphide,  which,  after  standing  for 
twenty-four  hours,  is  separated  by  filtration  and  washed  with  water  containing 
hydrogen  sulphide  and  ammonium  nitrate.  It  is  then  ignited  and  weighed  as  zinc 
oxid,  the  precipitate  being  washed  with  concentrated  ammonium  nitrate  solution 
before  ignition. 

Hefelmann  expresses  the  erroneous  opinion  that  the  white  or  yellow- 
white  color  and  moist  C/Ondition  of  American  evaporate^  apples  is  due 
to  their  treatment  with  a  zinc  salt  for  bleaching  purposes. 

NIEDEBSTADT'S  METHOD   OF  DETERMINING  ZINC. 

At  a  meeting  of  the  pharmaceutical  section  of  the  German  Associa- 
tion for  the  Advancement  of  Science,  at  Liibeck,  in  September,  1895, 
Dr.  Niederatadt,  of  Hamburg,  read  a  paper  on  zinciferous  apples. 
(Chemiker-Zeitung,  vol.  19,  p.  1767.) 

Fiederstadt  uses  the  following  method  for  the  quantitive  determina- 
tion of  zinc  in  evaporated  fruits: 

Forty  grams  of  the  finely  cut  apples  are  ignited  in  a  platinum  dish  until  the  car- 
bonized mass  can  be  easily  powdered  in  a  mortar.  This  carbonized  material  is  then 
extracted  with  hydrochloric  acid,  the  extract  separated  by  filtration  and  oxidized 
with  potassium  chlorate.  Afterwards  hydrogen  sulphide  is  introduced  to  test  for 
lead  and  copper,  which  if  found  are  separated  by  filtration.  The  filtrate  is  again 
oxidized  with  potassium  chlorate  and  the  zinc  and  iron  precipitated  with  ammonium 
sulphide,  the  precipitate  separated  by  filtration,  dissolved  in  hydrochloric  acid,  again 
oxidized  with  potassium  chlorate,  neutralized  with  sodium  carbonate,  acidified  witli 
acetic  and  the  iron  precipitated  with  sodium  acetate  and  separated  by  filtration.  In 
the  filtrate  the  zinc  is  precipitated  with  hydrogeu  sulphide,  separated  by  filtration,  the 
zmc  sulphide  dissolved  in  hydrochloric  acid,  precipitated  by  sodium  carbonate,  aud 
ignited.  In  this  way  3  milligrams  of  zinc  oxid  which  were  added  to  apples  free  of 
ziuo  were  recovered  without  loss. 
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i,eoleb's  improved  process. 

Legler  lias  improved  the  process  described  iii  tbe  following  way 
(Chemiker-Zeituiig,  vol.  19,  p.  1763) : 

Fifty  gramB  of  the  sample  are  thoroughly  dried  in  a  porcelain  dish  and  with  the 
flame  of  a  gas  lamp  burned  from  above  until  thoroughly  carbonized,  bo  that  the  oar- 
boniMseons  mass  can  be  easily  rubbed  to  a  tine  powder,  an  operation  which  can  be 
conducted  in  the  dish  in  which  the  drying  takes  place.  The  fiuely  divided  carbon  is 
then  extracted  with  hydrochloric  acid  at  a  boiling  temperature  in  covered  beakers, 
the  solution  diluted,  filtered,  and  washed.  To  the  filtrate  an  excess  of  ammonia 
is  adde<l  and  it  is  brought  to  a  given  volume.  In  an  aliquot  part  of  the  filtrate, 
after  the  addition  of  acetic  acid  in  slight  excess,  the  zinc  is  precipitated  with  hydro- 
gen sulphide  and  the  excess  of  this  gas  removed  by  boiling.  The  zinc  sulphide 
is  then  separated  by  filtration,  dissolved  and  freed  from  iron,  and  finally  ignited  and 
weighed  in  the  manner  given  above.  In  100  grams  of  substance  Legler  found  the 
following  quantities  of  zinc :  In  three  samples,  from  40  to  60  milligrams  of  zinc ;  in 
one  sample,  from  20  to  30  milligrams;  in  six  samples,  from  10  to  20  milligrams;  in 
fourteen  samples,  from  5  to  10  milligrams;  in  eleven  samples,  from  1  to  5  milligrams; 
in  four  samples,  1  milligram ;  in  sixteen  samples,  none. 

A  comparison  of  the  carbonizing  method  above  described  with  the  oxi- 
dation method,  depending  upon  the  use  of  potassium  chlorate,  showed 
that  the  two  gave  practically  identical  results.  The  great  simplicity  of 
the  carbonizing  method  gives  it,  therefore,  a  decided  advantage  over  the 
older  method.  At  the  temperature  required  for  the  carbonization  there 
is  no  danger  whatever  of  loss  of  zinc  by  volatilization. 

FILSINGER'S  METHOD. 

According  to  Filsinger  (Chemiker-Zeitung,  1894,  vol.  18,  p.  1239) — 

It  is  not  absolutely  necessary  to  destroy  the  organic  matter  entirely  before  extract- 
ing the  zinc,  but  under  certain  circumstances  the  hydrochloric  acid  extract  of  the 
organic  matter  can  be  used  directly.  In  this  case  the  hydrochloric  acid  is  neutral- 
ized with  soda  lye,  acetic  acid  added,  and  the  solution  treated  directly  with  hydro- 
gen sulphide.  The  precipitation  of  the  zinc  in  this  case  is  somewhat  hindered  by  the 
organic  materials  which  have  entered  into  solution,  but  the  precipitation  will  take 
place  completely,  especially  if  the  solution  when  saturated  with  hydrogen  sulphide 
be  allowed  to  stand  for  some  time.  A  quicker  and  safer  method,  however,  consists  in 
completely  destroying  the  organic  matter  of  the  sample,  say  60  grams,  by  treatment 
with  hydrochloric  acid  and  potassium  chlorate. 

METHODS  OF  ANALYSES   EMPLOYED   IN    THE    LABORATORY    OF    THE 
DIVISION  OF  CHEMISTRY. 

After  a  careful  consideration  of  the  different  methods  of  analyses 
proposed,  the  method  about  to  be  described  was  adopted  by  the  Divi- 
sion of  Chemistry  for  the  work  of  analysis  of  the  samples  collected. 
The  analytical  work  for  the  determination  of  zinc  was  carried  out  by 
Mr.  K.  P.  McEiroy  and  for  moisture  and  ash  by  Mr.  Oma  Garr. 
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ANALYTICAL  WORK. 

Place  the  weighed  portion  of  dried  apples  in  a  roomy  platinum  dish 
and  heat  cautiously  over  a  low  bunsen  flame  till  the  mass  is  thoroughly 
dry  and  ignition  sets  in.  The  flame  is  then  removed  and  combustion 
allowed  to  proceed  spontaneously.  Should  the  burning  cease  it  is  to 
be  reinstituted  with  the  aid  of  the  lamp.  As  a  rule,  however,  the  ap- 
ples will  burn  of  themselves.  When  the  mass  is  all  converted  into 
ash  and  char,  it  is  to  be  ground  up  in  a  jjorcelain  mortar  and  ex- 
tracted with  hydrochloric  or  nitric  acid.  In  the  samples  done  in  this 
laboratory  hydrochloric  acid  was  used.  The  residual  charcoal  is  burnt 
to  a  white  ash  in  the  same  platinum  dish,  the  ash  taken  up  in  hydro- 
chloric acid  and  the  solution  added  to  that  first  obtained.  This  solu- 
tion is  then  filtered.  To  the  filtrate  bromine  water  is  added  to  oxidize 
the  iron,  and  the  excess  of  bromine  removed.  A  drop  of  methyl  orange 
solution  is  placed  in  the  solution  and  ammonia  added  till  the  reaction 
is  only  faintly  though  distinctly  acid.  Without  regarding  the  precipi- 
tate produced,  add  50cc  of  a  solution  of  ammonium  acetate  containing 
260  grams  of  the  commercial  salt  (Hess's  method).  The  temperature  is 
then  carried  to  70°  or  80°  and  the  liquid  filtered  into  a  liter  flask.  It  is 
then  washed  with  water  of  the  same  temperature  till  free  of  chlorids, 
though  so  much  washing  is  hardly  necessary  in  view  of  the  limited 
amount  of  zinc  oxid  likely  to  be  present.  The  filtrate  is  treated  with 
hydrogen  sulphid  till  saturated,  allowed  to  stand  till  the  zinc  sulphid 
settles,  and  then  filtered  through  an  ashless  filter.  The  filter  is  washed 
with  a  saturated  solution  of  hydrogen  sulphid  containing  a  little  acetic 
acid.  Frequently,  owing  to  the  well-known  peculiarities  of  zinc  sul- 
phid, it  becomes  necessary  to  return  the  filtrate  several  times. 

The  washed  precipitate  and  containing  filter  are  burnt  in  a  porcelain 
or  platinum  crucible,  highly  ignited  and  weighed  as  zinc  oxid.  Results 
are  good,  though  sometimes  a  little  high,  owing  to  coprecipitated  iron 
phosphate.  In  a  portion  of  200  grams  of  fresh  apples,  to  which  was 
added  a  solution  of  zinc  nitrate  corresponding  to  9.7  milligrams  of 
oxid,  9.8  milligrams  were  recovered  in  one  case,  10.3  in  another.  In 
another  portion,  to  which  19.4  milligrams  were  added,  18.9  milligrams 
were  recovered.    Check  samples  of  the  same  apples  gave  no  zinc. 

In  the  case  of  the  samples  analyzed,  from  150  to  450  grams,  depend- 
ing on  the  size  of  the  sample,  were  taken  for  each  sample,  burnt,  and 
treated  as  described  above,  and  dissolved.  The  resulting  solution  was 
made  up  to  300  cc,  and  duplicate  portions  of  50  cc  each  taken  for  analysis. 
In  nearly  all  cases  450  grams  were  employed,  and  the  50  cc  portions 
therefore  represented  75  grams. 

DESCRIPTION  OF  EVAPORATED  APPLES  AND  OTHER  ARTICLES  ANALYZED. 

No.  14075.  From  Seggermaim  Bros.,  165  Dnane  street,  New  York ;  sample  of  parcel 
packetl  by  dealer  in  Wayne  Oonnty,  K.  Y.,  who  buys  from  small  mannfaotnrers  and 
makes  one  balk  of  different  lots  received  from  different  people. 
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No.  14076.  From  firm  mentioned  above;  sample  of  apples  dried  on  wire  trays  in 
one  factory  in  Wayne  Connty,  N.  Y. 

No.  14077.  From  firm  mentioned  above;  sample  of  apples  dried  on  wire  trays  in  an 
evaporator  in  Oswego  County,  N.  Y. 

No.  14078.  From  firm  mentioned  above;  sample  of  apples  dried  on  wire  trays  in 
a  factory  in  Michigan. 

No.  14079.  From  firm  mentioned  above;  sample  of  apples  dried  on  wooden  trays  in 
Wayne  County,  N.  Y. 

No.  14081.  From  K.  Meyers,  436  Prodnce  Exchange,  New  York ;  sample  of  evap- 
orated apples  dried  on  wire  trays.  • 

No.  14082.  From  firm  last  mentioned ;  sample  of  evaporated  apples  naid  to  have 
been  dried  on  wooden  trays. 

No.  14123.  Received  from  Department  of  State;  from  United  States  consul-general 
at  Frankfort  on  the  Main,  described  in  dispatch  of  Consul-General  Mason  of  May, 
1895,  marked  sample  No.  1. 

No.  14124.  Same  as  above,  marked  sample  No.  2. 

No.  14150.  Sample  of  dried  apples  described  in  letter  of  Frank  H.  Mason,  consul 
general  at  Frankfort  on  the  Main,  dated  June  22,  1895;  this  sample  bears  the  seal 
and  certificate  of  the  police  court  before  which  tho  trif^  took  place.  See  letter  of 
consul-general  of  date  mentioned,  already  given. 

No.  14315a.  From  MilUer  &  Fuckel,  Hamburg,  Germany;  according  to  an  official 
German  analysis,  this  sample  is  said  to  contain  0.009  per  cent  of  zinc. 

No.  143156.  From  firm  last  mentioned;  according  to  the  official  analysis,  this  sam- 
ple 18  said  to  contain  0.004  per  cent  of  zinc. 

No.  14405.  From  factorj'  at  Walworth,  N.  Y. ;  sample  taken  by  H.  W.  Wiley  at  the 
factory  from  a  package  put  up  for  shipment. 

No.  14409.  From  factory  at  Albion,  N.  Y. ;  sample  taken  by  H.  W.  Wiley,  October 
30, 1895,  from  two  car  loads  of  evaporated  apples  prepared  for  shipment  to  Germany. 

No.  14410.  From  factory  mentioned  above;  sample  taken  as  described  above  from 
a  large  pile  of  evaporated  apples  on  floor  ready  for  packing. 

No.  14411.  From  factory  mentioned  above;  taken  as  described  from  slices  wliich 
fell  ofif  the  tray  after  drying,  without  shaking,  and  thus  not  in  contact,  or  only 
partially  in  contact,  with  the  wire  netting  of  the  tray ;  tray  had  been  in  use  for 
two  years. 

No.  14412.  From  factory  last  mentioned,  being  the  slices  that  stuck  to  the  wire 
cloth  of  the  tray ;  same  tray  as  above  described.  These  pieces  were  therefore  in 
intimate  contact  with  the  galvanized  iron  wires. 

No.  14413.  From  factory  last  mentioned ;  slices  of  evaporated  apples  dried  on  trays 
new  at  the  beginning  of  the  season,  September  25, 1895.  Only  those  slices  were  taken 
that  stuck  to  the  trays,  the  loose  ones  having  been  shaken  off. 

No.  14414.  From  factory  last  mentioned ;  samples  of  evaporated  apples  dried  on 
trays  which  had  been  in  use  more  than  five  years.  Only  those  chips  were  taken  that 
stock  to  the  wire  cloth. 

No.  14415.  From  factory,  Walworth,  N.  Y. ;  sample  taken  by  H.  W.  Wiley,  October 
31, 1895;  samples  of  evaporated  apples  dried  on  trays  in  use  two  years;  these  trays 
were  greased  about  every  third  day  with  tallow  to  prevent  the  slices  from  sticking. 
The  whole  sample  was  taken,  no  attempt  being  made  to  get  only  those  which  were 
nearest  the  wire. 

No.  14416.  From  factory  last  mentioned ;  sample  taken  as  noted ;  sample  of  evap- 
orated apples,  including  the  skins  and  cores ;  manufactured  expressly  for  the  French 
trade,  and  to  be  used  in  making  jellies,  marmalades,  and  in  flavoring  wines. 

No.  14417.  From  C.  H.  Perkins,  Newark,  N.  Y. ;  sample  of  evaporated  apples  such  as 
are  placed  on  the  general  market;  no  data  obtainable  in  regard  to  where  or  how  the 
evaporation  took  place,  except  that  it  represented  the  product  of  western  New  York. 

No.  14418.  Sample  of  apples  purchased  from  F.  M.  Walker  <&  Co.,  938  Louisiana 
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avonue  SW.,  Wasliington,  D.  C.  These  apples  were  cored,  pared,  bleached,  and  sliced 
in  the  laboratory  and  were  dried  on  trays  made  of  pare  alnminiuin  wire. 

No.  14418a.  Two  hundred  grams  of  the  fresh  apples  represented  by  No.  14418, 
evaporated  and  afterwards,  to  the  evaporated  fruit,  9.7  milligrams  of  zinc  oxid  in 
solution  of  dilute  nitric  iicid  added. 

No.  14418i.  A  duplicate  sample  of  14418  treated  as  above. 

No.  14418c.  A  sample  of  200  grams  of  the  fresh  apples  represented  by  14418,  evapo- 
rated and  treated  wilh  19.4  milligrams  of  zinc  oxid  in  solution. 

No.  14418d.  Two  hundred  grams  of  fresh  apples  evaporated  without  addition  of 
zinc.         * 

Nos.  14418  a,  Z>,  o,  and  d  were  all  evaporated  on  platinum. 

Table  ehomng  per  cents  of  moisture,  ask,  and  zinc  oxid  in  evaporated  apples. 


Serial 
number. 

Moisture. 

Ash. 

Ash  in 
dry  sub- 
stance. 

Zinc 
oxid. 

Zinc  ox  id  in 
waterlree 
substance. 

14075 

Per  e&nt 
15.41 

Per  cent. 
1.077 

Per  cent. 
1.27 

Per  eeiU. 
0.0060 

Percent. 
.0071 

14076 

15.14 

.919 

1.07 

0170 

.0200 

14077 

15.41 

1.075 

1.27 

.0078 

.0092 

14078 

30.02 

.578 

.83 

.0082 

.0117 

14079 

18.40 

.788 

..97 

.0021 

.0026 

14081 

21.22 

1  583 

2.01 

.0100 

.0127 

14082 

31.2:} 

.826 

1.20 

None. 

None. 

14123 

18.26 

1.201 

1.47 

None. 

None. 

14124 

18.98 

.971 

1.20 

.0100 

.0123 

14150 

16.00 

.522 

.62 

.0013 

.0016 

14315a 

18.55 

.782 

.06 

.  0072 

.0088 

143156 

18.43 

.982 

1.21 

.0112 

.0137 

14405 

22.25 

.826 

1.06 

.0096 

.0124 

14409 

32.59 

.851 

1.26 

.0216 

.0320 

14410 

32.87 

.809 

1.21 

.0148 

.0220 

14411 

32.52 

.913 

1.35 

.0066 

.0098 

14412 

32.47 

1.031 

1.53 

.0148 

.0219 

14413 

33.06 

.800 

1.19 

.0214 

.0320 

14414 

30.58 

.793 

1.14 

.0242 

.0348 

14415 

27.08 

.950 

1.30 

.0056 

.0077 

14416 

23.11 

1.022 

1.33 

Trace. 

Trace. 

14417 

21.26 

1.188 

1.61 

Trace. 

Trace. 

14418 

None. 

None. 

1 

.......... 

Means  .. 

23.85 

.931 

1.22 

.0111* 

.  0152* 

Maxima. 

33.06 

1.583 

2.01 

.0242* 

.0348* 

Minima  • 

15.14 

.522 

.62 

.0013* 

.  0016* 

*  Exclusive  of  numberit  14082, 1412:},  14416, 14417,  and  14418. 

In  order  to  determine  the  number  of  milligrams  of  zinc  oxid  in  100  grams  of  tlio 
evaporated  fruit,  move  the  decimal  points  in  the  zinc  oxid  column  in  the  above 
table  three  places  to  the  right. 

DISCUSSION   OF   DATA   OBTAINED. 

No.  14075.  Ill  tliis  sample  is  fouud  a  fair  ilhistratioii  of  what  may  be 
expected  in  a  promiscuous  lot  of  evaporated  fruits  purchased  in  a 
locality  where  drying  on  galvanized  iron  wire  trays  is  commonly  prac- 
ticed. The  amount  of  zinc  oxid  found  in  this  sample,  it  is  true,  is 
extremely  small,  and  expressed  as  per  cent  becomes  almost  a  vanishing 
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quantity.  Yet  the  analysis  shows  a  weighable  quantity  of  zinc  in  100 
grams.  The  amount  ordinarily  consumed  by  any  one  person  in  an 
ordinary  meal  would  probably  not  exceed  100  grams,  so  that  at  the 
most  not  more  than  10  milligrams  of  zinc  would  be  introduced  into  his 
system,  a  quantity  entirely  too  small  to  produce  any  harmful  result. 
In  giving  the  quantity  of  zinc  found  hereunder  it  is  understood  that  it 
refers  to  the  amount  in  100  grams  of  the  evaporated  fruit. 

In  the  next  sample,  No.  14070,  is  found  a  distinct  increase  in  the  quan- 
tity of  zinc,  and  the  fruit  in  question  was  known  to  have  been  dried  on 
galvanized  iron  trays  and  not  to  have  been  mixed  with  other  samples 
before  the  part  for  analysis  was  secured.  The  quantity  of  zinc  found 
is  nearly  three  times  as  great  as  in  the  first  sample. 

In  the  next  sample,  No.  14077,  is  found  another  instance  of  fruit  known 
to  have  been  dried  on  galvanized  iron  wire  trays.  A  comparison  be- 
tween the  two  samples  indicates  how  wide  the  variations  maybe  under 
conditions  which  seem  to  be  identical.  The  explanation  of  this  is  found 
in  the  fact  that  in  a  sample  taken  promiscuously  it  is  possible  at  one 
time  to  secure  a  large  number  of  slices  which  have  been  in  intimate 
contact  with  the  galvanized  wire,  and  at  another  a  majority  of  the 
slices  may  represent  those  which  were  not,  or  only  in  partial  contact^ 
with  the  wire. 

In  sample  14078  a  small  quantity  of  zinc  is  found,  and  the  comment 
made  on  the  preceding  sample  is  equally  applicable  to  this  one. 

In  sample  14079  a  trace  of  zinc  was  found  amounting,  in  fact,  to  2.1 
milligrams.  This  sample  was  certified  as  having  been  dried  on  wooden 
trays.  It  was  secured  from  a  very  large  dealer,  and  it  is  entirely  pos- 
sible that  a  few.  slices  of  evaporated  apples  dried  on  galvanized  iron 
may  have  found  a  place  in  it.  A  sample  containing,  however,  so  small 
a  quantity  of  zinc  as  indicated  could  not  possibly  be  condemned  on  any 
sanitary  grounds,  unless,  indeed,  the  presence  of  even  a  trace  of  zinc 
in  evaporated  apples  should  be  considered  a  suflicient  reason  for  pro- 
hibiting their  sale  altogether.  It  must  be  remembered,  also,  that  in 
quantities  so  small  as  those  mentioned  some  allowance  must  be  made 
for  the  ordinary  errors  in  analysis,  and  unless  a  residue,  which,  for  the 
quantity  mentioned  gives  distinct  qualitive  reactions  for  zinc,  is  obtained 
the  chemist  can  not  i)ositively  testify  to  its  occurrence. 

In  sample  14081,  obtained  from  the  same  firm  as  the  preceding,  and 
purchased  as  having  been  dried  on  galvanized  iron  wire  trays,  a  small 
quantity,  amounting  to  10  milligrams  of  zinc  oxid,  was  found.  No  spe- 
cial comment  is  indicated  on  this  sample. 

In  sample  14082,  which  was  said  to  have  been  dried  on  wooden  trays, 
not  even  a  trace  of  zinc  was  found. 

Sample  14123  is  a  sample  of  evaporated  apples  transmitted  by  Consul- 
General  Mason,  of  Frankfort,  accompanied  by  a  dispatch  to  the  State 
Department  dated  May  22, 1895.  The  sample  is  described  in  Mr.  Mason's 
dispatch  as  one  which  had  been  condemned  by  the  police  authorities  of 
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Fraukfort  on  accoaut  of  its  alleged  coutamination  with  salts  of  ziuc 
Our  analysis  revealed  the  fact  that  this  sample  was  entirely  free  of 
even  a  trace  of  ziuc,  and  its  condemnation  therefore  by  the  police 
authorities  of  Frankfort  is  completely  unjustifiable. 

In  sample  14124,  derived  from  the  source  mentioned  above  and  marked 
sample  ^o.  2,  a  small  quantity  of  zinc  was  found,  amounting  to  10  milli- 
grams of  zinc  oxid  in  100  grams  of  the  sample. 

The  sample  14150  was  an  officially  sealed  sample  of  evaporated  apples 
taken  from  a  lot,  imported  by  Erwin  Roelker,  of  Frankfort,  from  Albert 
Petrie,  of  Rochester,  N.  Y.  As  a  result  of  an  analysis  made  by  the 
health  authorities  of  Frankfort  it  was  certified  that  the  sample  con- 
tained from  0.0035  to  0.0545  gram  of  zinc  or  salts  of  zinc  per  kilogram, 
a  proportion  which  was  adjudged  prejudicial  to  human  health.  The 
sample  bore  the  seal  and  certificate  of  the  police  court  before  which 
the  dealer  in  these  apples  was  tried.  It  was  transmitted  through  the 
State  Department  by  Consul-General  Frank  11.  Mason,  Frankfort  on 
the  Main,  under  date  of  June  22, 1895.  This  sample  was  found  to  con- 
tain but  little  more  than  a  trace  of  zinc,  viz,  1.3  milligrams  in  100 
grams,  which  is  a  little  more  than  the  minimum  quantity  certified  to  in 
the  police  records.  It  is  difficult  to  understand  why  a  sample  which 
contained  but  little  more  than  a  mere  trace  of  zinc  could  have  been 
condemned  for  sanitary  reasons. 

Sample  No.  14315a  was  sent  by  request  of  this  Division  by  Miiller  & 
Fuckel,  of  Hamburg.  According  to  an  official  analysis  made  in  Ham- 
burg for  the  health  office  this  sample  was  said  to  contain  9  milligrams 
of  zinc  per  100  grams,  or  0.009  per  cent,  which  corresi>onds  to  a  little 
over  11  milligrams  of  zinc  oxid  per  100  grams,  a  quantity  which  seems 
to  be  about  the  normal  for  the  ordinary  samples  dried  on  galvanized 
iron  wire. 

Sample  143156  was  received  from  the  firm  last  mentioned,  and,  accord- 
ing to  the  official  analysis,  it  was  said  to  contain  0.004  per  cent  of  zinc, 
which  corresponds  to  0.005  per  cent  of  zinc  oxid.  In  our  analyses  of 
these  two  samples  the  respective  quantities  of  zinc  contained  therein 
were  found  to  be  7.2  and  11.2  milligrams,  respectively,  for  100  grams. 
The  two  samples  came  without  any  distinctive  marks,  so  that  we  were 
unable  to  determine  the  order  in  which  they  should  come,  except  by 
the  results  of  the  analysis.  It  is  evident,  therefore,  that  the  sample 
which  we  have  marked  a  corresponds  with  the  one  containing,  by  the 
German  analysis,  0.004  per  cent  of  zinc,  and  the  one  marked  b  to  the 
sample  containing,  by  the  German  analysis,  0.009  per  cent  of  zinc. 

Sample  14405  was  secured  at  a  factory  in  Walworth,  N.  Y.  A  pack- 
age which  had  been  prepared  for  shipment  was  opened,  its  contents 
thoroughly  mixed,  and  the  Sample  for  analysis  taken.  The  fruit  was 
dried -on  galvanized  iron  wire  trays.  It  was  found  to  contain  the  usual 
quantity  of  zinc  oxid  characteristic  of  fruit  prepared  in  this  way. 

Sample  14409  was  secured  at  a  factory  in  Albion,  N.  Y.    A  car  which 
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had  beeu  loaded  for  shipment  was  opened  and  a  box  of  frait  taken  at 
random,  and  the  sample  prepared  from  this  box.  The  fruit  was  dried 
on  galvanized  iron  wire.  The  quantity  of  zinc  which  we  found  in  this' 
sample  was  about  double  that  usually  found,  and  apparently  by  acci- 
dent there  was  secured  a  large  quantity  of  slices  which  had  been  in 
contact  with  the  galvanized  iron. 

Sample  14410  was  taken  at  the  same  place  as  the  preceding  from  a 
large  pile  of  fruit  ready  for  packing.  The  analysis  shows  that  it  con- 
tains the  usual  quantity  of  zinc  oxid.  This  fruit  was  dried  on  galvan- 
ized iron  wire. 

In  securing  the  next  sample.  No.  14411,  from  the  same  factory  as 
that  above,  an  attempt  was  made  to  get  as  many  as  possible  of  the 
slices  which  had  only  been  in  partial  contact  with  the  wire.  For  this 
paii>ose  a  tray  taken  directly  from  the  kiln  was  turned  upside  down 
and  the  slices  which  fell  off  without  shaking  were  secured  for  analysis. 
As  was  to  have  been  expected,  the  results  of  the  analysis  indicate  a 
considerable  diminution  of  the  content  of  zinc,  which  was  found  to  be 
only  6.6  milligrams  of  zinc  oxid  for  100  grams. 

The  next  sample,  Ko.  14412,  consists  of  the  slices  which  remained 
attached  to  the  zinc  when  the  tray  was  turned  upside  down,  as  indi- 
cated above.  The  quantity  of  zinc  in  this  sample,  viz,  21.4  milligrams 
of  zinc  oxid,  is  more  than  three  times  as  great  as  that  found  in  the 
preceding  sample. 

Sample  14414  consists  of  slices  of  evaporated  apples  which  remained 
attached  to  the  galvanized  iron  wires  when  a  tray  taken  from  the  kiln 
was  turned  upside  down.  The  tray  on  which  the  apples  were  dried 
had  been  in  use  more  than  iive  years.  The  sample  contained  24.2 
milligrams  of  zinc  oxid  per  100  grams.  In  comparing  this  with  the 
preceding  sample,  which  was  dried  on  trays  in  use  the  first  year,  it  is 
seen  that  the  continued  use  of  the  tray  does  not  tend  to  diminish  the 
danger  of  contamination  with  zinc. 

Sample  14415  was  secured  from  another  factory  in  Walworth,  N.  Y. 
The  sample  was  dried  on  galvanized  iron  wire  trays  which  had  been  in 
use  for  two  years.  The  proprietor  of  the  factory  is  in  the  habit  of  greas- 
ing his  trays  with  tallow  about  every  three  days  to  prevent  the  slices 
from  sticking  thereto.  The  utility  of  this  method  is  indicated  in  the 
low  content  of  zinc  found,  viz,  5.6  milligrams  for  100  grams  of  fruit. 

Sample  14416,  from  the  manufacturer  mentioned  above,  represents 
the  whole  apple,  including  the  cores  and  skins.  The  trays  on  which 
these  apples  were  dried  were  also  well  greased,  and  only  a  trace  of  zinc 
was  found  in  the  sample. 

In  sample  14417  is  seen  an  illustration  of  the  character  of  the  fruit 
which  may  be  bought  in  the  general  market.  .The  history  of  this  sam- 
ple could  not  be  traced,  but  from  the  fact  that  it  contained  only  a  trace 
of  zinc  it  is  fair  to  presume  that  it  was  either  dried  on  wooden  trays  or 
on  galvanized  iron  trays  which  were  kept  well  greased. 
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Sample  14418  represents  a  laboratory  product  prepared  from  apples 
purchased  in  the  open  market  in  Washington.  These  apples  were  put 
through  as  nearly  as  possible  the  process  employed  in  the  manufacture 
on  a  large  scale,  with  the  exception  that  they  were  dried  on  a  tray  made 
of  pure  aluminium  wire.  The  analysis,  as  was  to  be  expected,  disclosed 
not  even  a  trace  of  zinc. 

EXAMINATION  OF  THE  GALVANIZED  IRON  WIRE   USED    FOR    MAKING 

THE  TRAYS. 

It  was  thought  to  be  a  matter  of  interest  to  examine  the  galvanized 
iron  wire  cloth  used  for  making  the  trays  employed  in  the  mauufa<3ture 
of  evaporated  apples.  For  this  purpose  samples  were  secured  at  the 
factory  of  L.  B.  Sogers,  Albion,  N,  Y.,  representing  the  unused  mate- 
rial and  also  that  which  had  been  constantly  employed  in  the  factory  for 
over  five  years.  It  would  follow  as  a  natural  result  from  the  use  of 
this  material  that  the  zinc  covering  of  the  wire  would  gradually  be  dis- 
solved by  the  acids  of  the  apples  and  that  in  the  end  the  iron  core 
would  be  practically  denuded.  In  practice,  however,  it  is  found  that 
the  constant  rubbing  of  the  trays  to  detach  slices  of  evaporated  apples 
wears  them  out  before  the  zinc  is  entirely  removed.  The  results  of  the 
analytical  data  which  follow  show,  however,  that  a  large  percentage  of 
the  zinc  originally  enveloping  the  iron  core  is  dissolved  in  the  course 
of  a  few  years.  When  the  small  quantity  of  zinc  in  a  tray  is  taken 
into  consideration,  it  seems  unreasonable  to  8U2)pose  that  any  marked 
contamination  of  the  product  could  ensue.  Many  thousand  pounds 
of  fruit  are  evai)orated  on  a  siugle  tray  before  it  becomes  unfit  for  use. 
From  the  data  which  follow,  however,  it  is  seen  that  a  tray  having  a 
surface  of  one  square  yard  carries  about  2  pounds  of  zinc.  This  would 
be  sufficient  to  contaminate  20,000  pounds  of  evaporated  apples  with 
the  average  qilantity  of  zinc  oxid  found  therein  in  our  analysis,  viz, 
10  milligrams  per  100  grams.  The  analytical  data  of  the  examination 
of  the  wire  cloth  obtained  by  Mr.  K.  P.  McElroy,  follow : 

RXAMINATION  OF  WIRE  CLOTH. 

No.  14406.  Unused  wire  cloth,  from  L.  R.  Rogers: 

Weight  of  1  square  yard  of  this  cloth  is  5.03  pounds.  It  is  composed  of  59.77 
per  cent  iron  and  40.23  per  cent  of  zinc.  On  this  basis  1  square  yard  would  contain 
2.02  pounds  of  zinc. 

No.  14407.  Unused  wire  cloth  (one  year  old),  from  L.  R.  Rogers: 

On  handling  this  cloth  particles  of  zinc  scaled  off  freely.  The  weight  of  1  square 
yard  is  3.08  pounds.  It  is  composed  of  60.65  per  cent  iron  and  39.35  per  cent  zinc. 
One  square  yard  therefore  contains  1.21  pounds  of  zinc. 

No.  14408  A.  Wire  cloth  in  use  more  than  five  years,  from  L.  R.  Rogers: 

Water  extracts  from  this  cloth  traces  of  a  solable  zinc  salt,  probably  malate^ 
and  a  little  iron.  The  weight  of  a  square  yard  of  this  cloth  is  2.38  pounds.  It  is 
composed  of  80.68  per  cent  iron  and  19.32  per  cent  zinc.  One  square  yard  contains 
Q.46  pound  of  zinc. 
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No.  14408  B.  Wire  oloth  in  nae  more  than  five  years,  from  L.  R.  Rogers : 

Sample  a  part  <»f  the  same  lot  as  al>oYe.  Water  extracts  a  solnble  zinc  salt.  The 
metal  is  compoiied  of  84.77  per  cent  iron  and  15.23  per  cent  zinc.  One  square  yard 
weighs  2.18  pounds  and  contains  0.33  pound  of  zinc. 

It  is  seen  that  there  is  a  gradual  disappearance  of  the  zinc  with  use, 
the  quantity  in  one  tray  dropping  from  about  2  pounds  to  one-third  of 
a  pound  in  five  years. 

PHYSIOLOGICAL.  ACTION  OP  ZINO. 

It  is  probable  that  the  zinc  salts  contained  in  evaporated  apples  exist 
entirely  in  the  form  of  organic  salts,  the  most  abundant  of  which  is 
zinc  malate.  The  physiological  effects  of  the  organic  salts  of  zinc  have 
not  been  comprehensively  studied,  the  only  one  used  in  medicine  being 
the  valerianate.  The  valerianate  of  zinc  has  antispasmodic  properties 
and  has  also  been  used  as  a  remedy  in  neuralgic  affections.  In  gen- 
eral, however,  the  physiological  effects  of  the  zinc  salts,  as  found  in 
evaporated  apples,  may  be  assumed  to  be  similar  to  those  of  the  inor- 
ganic salts  of  zinc.  The  sulphate  of  zinc  is  the  salt  which  is  most 
generally  used  for  medicinal  purposes.  It  is  tonic  and  astringent  and 
in  large  doses  produces  prompt  emesis. 

There  are  a  few  cases  on  record  of  fatal  poisoning  from  large  doses 
of  the  «alt.  In  one  of  the  fatal  cases  an  ounce  and  a  half  of  the  zIdc 
sulphate  was  swallowed  by  mistake  for  epsom  salts.  A  like  quantity 
of  the  salt  taken  at  the  same  time  by  another  patient  produced  severe 
toxic  symptoms,  but  did  not  result  fatally.  In  many  cases  large  doses 
of  the  salt  have  been  administered  for  many  days  without  any  symp 
toms  of  toxic  effects.  In  one  instance  36  grains  of  salt  were  given 
three  times  a  day  for  six  weeks  without  the  appearance  of  any  symp- 
toms of  poisoning.  All  writers  on  toxicology,  however,  agree  that  in 
certain  quantities  zinc  salts  exercise  a  poisonous  effect.  While  the 
continued  administration  of  zinc  salts  in  small  quantities  has  not 
been  known  to  produce  any  Very  decided  disturbance  of  the  physi- 
ological functions  of  the  body,  yet  the  continued  administration  of  this 
substance  even  in  minute  doses  can  not  be  recommended.  All  author- 
ities agree  that  even  if  zinc  be  regarded  as  poisonous  it  is  decidedly 
less  so  than  lead  and  copper.  A  case  is  recorded  (in  the  Ghemisches 
Gentral-Blatt,  fourth  series,  Vol.  1, 1894,  p.  642)  in  which  from  50  to  100 
milligrams  were  administered  every  day  for  from  two  to  six  months 
without  any  disturbance  in  the  health  of  the  animals  experimented  on. 
Zine  does  not  accumulate  in  the  system  except  in  small  quantities  in 
the  bones. 

Zinc  salts  have  also  a  certain  antiseptic  value  and  have  been  used 
to  a  slight  extent  for  that  purpose.    They  are  also  used  to  a  very  lim- 
ited extent  for  fixing  the  chlorophyll  colors  of  preserved  vegetables, 
especially  with  i)ease  and  beans. 
12966—5^6.  48 3 
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ZING  AS  A  NATURAL  CONTENT  OF  APPLES. 

There  is  cue  point  of  interest  to  analysts  which  should  not  be  over- 
looked, viz,  the  possibility  of  zinc  occurring  naturally  in  plants.  Re- 
searches of  the  past  few  years  have  shown  naturally  present  in  plants 
many  metals  which  a  few  years  ago  were  supposed  never  to  enter  the 
plant  organism.  It  is  possible  that  fruit  trees  growingin  localities  where 
zinc  abounds  may  take  this  metal  into  their  organs  and  fruits,  as  is  the 
case  with  copper  and  other  rare  metals  sometimes  found  as  natural 
products  in  plants.  It  would  be  of  interest  to  have  fruits  which  grow 
in  localities  where  the  soil  is  known  to  contain  zinc  examined  for  this 
substance.  If  it  should  be  found  that  plants  have  the  power  of  absorb- 
ing zinc,  the  presence  of  a  mere  trace  of  this  substance  in  evaporated 
apples  would  no  longer  be  conclusive  evidence  of  their  having  been 
-dried  on  galvanized  iron  wires.  According  to  Filsinger  (Ohemiker- 
Zeituug,  1894,  vol.  18,  p.  1239)  there  is  already  sufficient  evidence  on 
record  of  the  ability  of  plants  to  absorb  zinc  to  render  permissible  the 
question  as  to  whether  traces  of  zinc  found  in  American  evax>orated 
apples  might  not  aris^  from  the  soil  on  which  the  orchards  stand. 

SUBSTITUTION  OF  OTHER  MATERIAL.  FOR  GALVANIZED  IRON  WIRE  IN 
THE  MANUFACTURE  OF  TRAYS. 

The  results  of  the  investigations  which  have  been  conducted  show  that 
as  long  as  galvanized  iron  wire  trays  are  used  for  evaporating  apples  it 
is  not  possible  to  guarantee  that  the  product  ediall  be  free  of  zinc.  ^The 
difficulty  of  securing  even  drying  on  wooden  slats  and  the  fragility  of 
trays  made  of  cloth  are  sufficient  reasons  for  excluding  these  two  mate- 
rials from  consideration  in  the  manufacture  of  drying  trays.  The  fact 
that  aluminium  is  now  manufactured  at  a  very  cheap  rate  suggested 
the  possibility  of  using  this  material  in  making  trays.  With  this  par- 
pose  in  view,  inquiries  were  directed  to  the  Pittsburg  Reduction  Com- 
pany in  regard  to  the  matter.  This  company  showed  a  lively  interest 
in  the  question  and  kindly  made,  for  the  use  of  this  Division,  12  square 
feet  of  aluminium  wire  netting  suited  to  the  purpose  required.  This 
wire  at  the  present  time  costs  90  cents  a  pound,  which  would  indicate 
that  the  cost  of  the  aluminium  in  a  square  yard  would  be  a  little  over 
60  cei  I  ts.  If  there  were  much  demand  it  could  probably  be  made  for  very 
much  less.  There  would  probably  be  one  practical  difficulty  in  the  use 
of  the  aluminium  wire  netting,  arising  from  the  fact  that  the  strands  not 
being  soldered  together  might  be  displaced  by  the  wooden  paddle  which  * 
is  used  in  scraping  the  dried  apples  from  the  tray.  The  spaces  in  the 
netting  would  thus  become  unequal  and  possibly  in  some  cases  large 
enough  to  allow  the  slices  to  fall  through.  It  has  been  suggested  to  use 
l3erforat<ed  sheet  aluminium  for  the  bottoms  of  the  trays.  K  this  could 
be  done  it  would  remove  the  difficulty  mentioned  above. 

Only  exi)erience  will  show  how  long  the  aluminium  wire  would  with- 
stand the  action  of  the  acids  of  the  fruit.    It  is  not  probable^  however, 
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tbat  it  wmild  be  tlissolved  at  any  gpreater  rate  than  the  zinc  of  the 
galvanized  iron.  The  small  quantity  of  alumina  which  wonld  be  intro- 
dnoed  into  the  fi*uit  could  not  possibly  be  regarded  as  objectionable. 

It  would  be  useful  also  to  substitute  iron  wires  covered  with  tin  for 
the  galvanized  iron  at  present  in  use.  Wire  netting  could  be  prepared 
and  covered  with  tin  at  a  much  less  expense  than  aluminium  could  now 
be  furnished.  The  coating  of  tin,  evidently,  for  such  a  purpose  should 
be  much  heavier  than  that  for  ordinary  tinware,  so  that  the  iron  may  be 
in  all  i>oint8  deeply  covered,  and  thus  avoid  the  galvanic  action  which 
would  ensne  on  the  portion  of  iron  exposed.  The  tin  employed  should 
be  xmre,  and  especially  free  of  lead.  Pure  tin  is  much  more  resistant  to 
the  action  of  acids  than  zinc,  and  the  amount  of  tin  which  would  be 
found  in  evaporated  fruits  dried  on  tin  trays  would  i>robably  be  infini- 
tesimal. 

While  it  is  true  that  it  would  cost  the  manufacturers  a  considerable 
sum  to  throw  away  the  trays  which  they  now  have  and  substitute  for 
them  those  which  would  cost  a  great  deal  more  money,  yet  the  expense 
seems  to  be  worth  incurring.  To  be  able  to  absolutely  guarantee  the 
pcfKluct  f^^ee  of  zinc  would  result  in  opening  a  wide  and  profitable  mar- 
ket to  our  evaporated  fruits,  and  in  the  removal  of  any  justifiable  hygi- 
enic reasons  for  restricting  their  sale. 

SUMMARY. 

(1)  In  many  European  markets  the  consumption  of  American  evapo- 
rated apples  is  either  restricted  or  prohibited  by  alleged  hygienic 
reasons  resting  upon  the  supposed  contamination  of  the  product  with 
zinc 

(2)  In  several  cases  where  samples  of  condemned  products  have  been 
secured  through  the  agency  of  our  consuls  and  others,  an  analysis  has 
disclosed  the  presence  of  zinc  in  some  of  them  and  proved  its  absence 
in  others.  In  the  latter  case  the  prohibition  of  the  sale  of  the  product 
was  evidently  discriminating  and  unjust. 

(3)  In  samples  of  American  evaporated  apples  secured  from  large 
dealers  and  directly  from  the  factories,  weighable  quantities  of  zinc 
have  been  found  in  nearly  every  instance  in  which  the  drying  was 
accomplished  on  galvanized  iron  wire  trays. 

(4)  The.  results  of  the  analyses  have  shown  that  the  slices  which 
were  dried  in  intimate  contact  with  the  galvanized  iron  wire  contained 
a  far  larger  content  of  zinc  than  those  in  which  the  contact  was  less 
intimate. 

(5)  An  analysis  of  the  galvanized  iron  wire  cloth  composing  the  bot- 
toms of  trays  shows  that  in  each  square  yard  of  the  new  cloth  about  2 
pounds  of  the  zinc  are  present,  and  that  when  these  trays  have  been  in 
use  for  several  seasons  the  total  quantity  of  zinc  is  very  much  dimin- 
ished, but  that  still  considerable  quantities  are  present  when  the  trays 
are  too  much  worn  for  further  use. 
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(6)  It  has  been  seen  that  the  age  of  the  tray  does  not  greatly  affect 
the  quantity  of  zinc  which  is  contained  in  evaporated  apples. 

(7)  Experiments  have  shown  that  pure  aluminium  wire  may  be  used 
for  making  the  netting  on  which  the  apples  are  dried,  and  it  is  probable 
that  perforated  sheet  aluminium  may  also  be  found  useful  for  this  pur- 
pose. By  the  use  of  pure  aluminium  the  presence  of  zinc  could  be 
entirely  excluded  from  the  evaporated  fruits,  and  thus  all  hygienic 
objections  to  their  use  would  fall.  The  presence  of  the  minute  amount 
of  alumina  which  would  be  introduced  into  the  evaporated  fruit  would 
be  of  no  consequence,  inasmuch  as  alumina  is  a  natural  constituent  of 
nearly  all  food  products.  Well-tinned  iron  wire  would  also  make  an 
acceptable  substitute  for  the  wire  covered  with  zinc  now  in  use. 

(8)  The  manufacturers  of  evaporated  apples  in  this  country  should 
at  once  rigidly  exclude  all  galvanized  iron  utensils  from  their  factories 
and  substitute  therefor  drying  trays  composed  of  aluminium,  tin,  or 
some  other  substance  which  will  not  permit  of  any  objectionable  ingre- 
dient entering  the  finished  product.  The  use  of  bronze  cutting  instru- 
ments should  also  be  excluded  and  steel  substituted. 

(9)  The  physiological  effects  of  the  organic  salts  of  zinc  are  not  well 
understood.  The  inorganic  salts  of  zinc  taken  in  large  quantities  act 
as  irritant  poisons.  Small  quantities  of  zinc  salts  are  constantly 
administered  in  the  practice  of  medicine,  producing  tonic  and  astrin-^ 
gent  effects.  The  continued  use  of  small  quantities  of  zinc  for  a  long 
period  of  time  has  not  been  known  to  produce  any  serious  results. 
Experience  has  shown  that  zinc  is  distinctly  less  poisonous  than  copper 
or  lead. 

(10)  The  normal  quantity  of  zinc  in  the  form  of  oxid  found  in  Amer- 
ican evaporated  apples  which  have  been  dried  on  galvanized  iron  trays 
is  about  10  milligrams  for  every  100  grams  of  the  fruit,  or  a  little  less 
than  60  milligrams  per  pound.  One  grain,  druggists'  weight,  is  equiva- 
lent to  66  milligrams.  The  quantity  of  zinc,  therefore,  in  1  pound  of 
evaporated  apples  dried  on  galvanized  iron  trays  is  only  about  two- 
thirds  of  a  grain.  The  quantity  of  zinc  which  would  be  taken  by  any 
one  person  in  an  ordinary  meal  at  which  dried  apples  were  served 
would  probably  in  no  case  ever  exceed  two -fifths  of  a  grain.  It  is  not 
possible  to  regard  this  quantity  as  in  any  way  prejudicial  to  health. 

(11)  The  continued  use  of  bodies  which  are  not  distinctly  poisonous, 
but  which  are  foreign  to  the  natural  constituents  of  the  system,  may 
finally  produce  derangement  of  health,  and  for  this  reason  the  manu- 
facturers of  evaporated  fruits  in  this  country  should  pursue  such 
processes  as  would  exclude  even  the  traces  of  zinc  above  mentioned. 

(12)  American  dried  apples  contain  nearly  one  quarter  of  their  weight 
as  water  and  ash,  the  mean  percentage  of  water  in  the  samples  exam- 
ined being  nearly  24  and  of  ash  nearly  1.26.  The  extreme  variations  in 
moisture  from  the  mean  were  found  to  be  about  8  per  cent. 
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PROCEEDINGS  OF  THE  THIRTEENTH  ANNUAL  CONVENTION  OF 
THE  ASSOCIATION  OF  OFFICIAL  AGRICUL- 
TURAL CHEMISTS. 


KIRSX   DAY. 
FRIDAT— MORIHHG  SESSION. 

Pnrsnant  to  a  call  issaed  by  the  executive  committee,  the  Associa- 
tion of  Official  Agricultural  Chemists  met  at  10.30  a.  m.,  Friday, 
November  6,  in  the  lecture  room  of  the  National  Museum. 

The  president,  Mr.  B.  B.  Ross,  called  the  convention  to  order  and 
nominated  the  following  committee  on  order  of  business,  viz :  L.  L. 
Van  Slyke,  G.  L.  Teller,  and  H.  J.  Patterson.  The  committee,  after 
consnItatioD,  reported  the  following  order  of  business: 

First.  President's  address. 

Second.  Report  on  methods  of  determining  nitrogen,  and  reading  of 
papers  relating  thereto. 

Third.  Report  on  methods  of  analyzing  potash,  and  reading  of  papers 
relating  thereto. 

Fourth.  Report  on  methods  of  soil  analysis,  and  reading  of  papers 
relating  thereto. 

Fifth.  Report  on  methods  for  the  analysis  of  x)hosphoric  acid,  and 
rending  of  papers  relating  thereto. 

Sixth.  Report  on  methods  of  analyzing  foods  and  feeding  stuffs,  and 
reading  of  papers  relating  thereto. 

Seventh.  Report  on  methods  of  analyzing  carbohydrates;  papers  and 
discussion. 

Eighth.  Report  on  methods  of  analyzing  fermented  and  distilled 
lifinors;  papers  and  discussion. 

Ninth.  Report  on  methods  of  analyzing  tanning  materials;  papers 
and  discussion. 

Tlie  election  of  officers  for  the  ensuing  year  was  fixed  as  a  special 
order  for  Saturday  afternoon,  November  7,  at  3  o'clock. 

The  president  read  the  annual  address  to  the  association,  which 
follows. 
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ADDRBSa  OF  THE  PRBSIDBNT. 

Gentlemen  of  the  Association:  Oar  orgauizatlon  assembles 
to-day  in  its  thirteenth  annaal  convention  after  tlie  lapse  of  a  longer 
period  than  has  intervened  heretofore  between  any  two  consecutive 
meetings.  The  date  selected  for  this  meeting  by  vote  of  the  executive 
committee  was  determined  upon  in  order  to  enable  chemists  connected 
with  the  work  of  experiment  stations  and  agricultural  colleges  to  attend 
the  meetings  of  this  association  and  also  the  sessions  of  the  convention 
of  agricultural  investigators  and  educators  which  assembles  in  this 
city  on  the  10th  instant,  and  I  trust  that  we  have  present  among  us 
some  members  who  have  been  unable  heretofore  to  attend  regularly  the 
meetings  of  this  body.    ' 

The  long  interim  between  the  last  convention  and  the  present  has  no 
doubt  afforded  to  the  rei>orters,  and  those  taking  part  in  the  work  of 
cooperative  and  individual  investigation,  additional  opportunities  for 
practical  tests  and  studies  of  our  methods  of  analysis,  and  I  trust  that 
the  reports  and  results  presented  for  our  consideration  will  make  easy 
the  task  of  passing  upon  the  questions  awaiting  the  action  of  this 
convention. 

The  work  of  our  association  has  become  so  comprehensive  in  its 
scope  and  so  diversified  in  its  character  that  it  is  impossible  in  the 
short  time  at  my  disposal  to  touch  even  in  a  cursory  manner  upon  the 
varied  subjects  and  questions  to  be  considered  by  this  body. 

The  various  departments  and  divisions  of  the  work  coming  within  the 
l)rovince  of  the  association  is,  moreover,  so  well  covered  by  committees 
and  reporters  that  it  would  be  an  act  of  supererogation  on  my  part  to 
enter  into  the  detailed  consideration  of  any  individual  topic  or  (juestion 
which  might  demand  our  attention,  nor  will  I  anticipate  the  presenta- 
tion of  the  work  of  the  reporters  by  offering  in  advance  any  extended 
remarks  upon  questions  which  they  are  better  prepared  to  discuss. 

The  foreign  literature  relating  to  the  subject  of  fertilizer  analysis, 
while  somewhat  abundant  during  the  past  year,  presents,  as  far  as  my 
observation  extends,  little  that  is  new,  and  the  bulk  of  this  literature 
is  devoted  to  the  consideration  of  only  a  few  features  of  the  subject. 

The  methods  for  the  determination  of  phosphoric  acid  and  potash 
have  received,  so  it  would  appear,  no  little  attention  at  the  hands  of 
foreign  investigators,  and  yet  a  large  proportion  of  the  articles  relating 
to  the  former  substance  treats  of  the  analysis  of  Thomas  slag  and  par- 
ticularly of  the  citrate  solubility  of  that  material. 

In  the  foreign  literature,  with  reference  to  phosphoric  acid  determi- 
nations, we  find  quite  a  voluminous  contribution  by  Meineke,*  which 
treats  of  the  results  of  a  number  of  comparative  tests  of  tlie  leading 
methods  in  use  and  gives  especial  attention  to  a  comparison  of  the 
processes  of  Wagner  and  Maercker  as  relates  to  the  precipitation  with 
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magnesia  mixtnre,  while  Foerster  bas  presented  quite  a  lengthy  disser- 
tation on  the  relation  between  the  citrate  solubility  and  soil  solubility 
of  phosphoric  acid  with  especial  reference  to  Thomas  slag. 

The  Wagner  citrate  method,  as  it  appears  in  the  official  methods  of 
the  German  Manure  Manufacturers'  Association  and  as  published  in 
tlie  Chemiker  Zeitung  (No.  G3, 1895),  appears  to  be  meeting  with  quite 
extensive  employment  at  present,  and  it  is  claimed  that  the  analyt- 
ical tests  give  results  corresponding  quite  well  with  the  actual  soil 
availabilit3\ 

The  subject  of  the  determination  of  the  approximate  availability  of 
phosphoric  acid  in  certain  forms  of  nouacidulated  phosphates  has 
often  been  discussed  by  this  association,  and  it  has  been  frequently 
stated  that  our  present  citrate  method  fails  to  give  altogether  satisfac- 
tory results  upon  certain  classes  of  raw  phosphates. 

A  sample  of  Florida  soft  phosphate  recently  examined  in  the  Ala- 
bama State  Laboratory  gave  0.78  per  cent  citrate  soluble  phosphoric  acid 
by  our  association  method,  0.31  per  cent  by  Wagner's  citrate  method 
as  applied  to  Thomas  slag,  and  0.84  per  cent  by  Wagner's  method  as 
employed  for  precipitated  phosphates  and  superphosphates. 

These  meager  results  would  seem  to  indicate  that  the  methods  of 
Wagner  have  little  advantage  over  our  present  method  so  far  as  phos- 
phates of  this  character  are  concerned,  and  the  details  of  the  process 
for  Thomas  slag  are  more  troublesome  than  the  official  method. 

Of  course,  in  matters  involving  modification  of  existing  methods  or 
the  adoption  of  any  supplementary  methods,  the  association,  as  has 
been  its  wont,  will  proceed  with  great  caution,  and  a  thorough  practical 
study  of  the  subject  would  be  necessary  in  advance  of  the  adoption 
of  any  modifications  of,  or  additions  to,  our  present  methods,  even  if 
the  association  should  see  fit  to  make  any  alterations. 

The  question  of  taking  steps  in  the  direction  of  securing  greater 
harmony  and  a  closer  agreement  between  the  official  methods  in  use 
in  this  country  and  in  the  principal  European  countries  received  the 
favorable  consideration  of  this  association  some  three  years  since,  and 
cooperation  with  foreign  chemists  has  been  obtained  to  a  limited  extent 
at  least,  during  the  period  referred  to,  a  number  of  samples  each  year 
having  been  placed  in  the  hands  of  European  analysts  for  comparative 
tests. 

On  the  27th  of  July  the  World's  Congress  of  Applied  Chemistry 
assembled  in  Paris  in  its  second  biennial  session,  and  since  one  of  the 
leading  objects  of  this  congress  was  to  promote  a  closer  agreement 
between,  and  a  nearer  approach  to,  uniformity  in  the  analytical  methods 
employed  in  the  leading  industries  in  the  various  countries  represented, 
a  statement  as  to  the  outcome  of  this  convention  would  be  of  great 
interest. 

The  distinguished  secretary  of  this  association  was  in  attendance 
upon  the  congress  referred  to,  and  has  already  presented  in  a  recent 
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number  of  the  Joamal  of  the  American  Chemical  Society  an  extremely 
interesting  account  of  its  proceedings  and  deliberations.  I  trust,  how- 
ever, that  the  association  will  be  favored  with  a  further  statement  as 
to  the  results  of  the  congress  and  as  to  the  prospects  of  harmonizing 
the  methods  of  analysis  at  present  employed  in  the  principal  countries 
of  the  world. 

As  stated  in  the  above  article  of  Dr.  Wiley,  and  as  reported  in  the 
resume  of  the  proceedings  published  in  the  Bulletin  de  L'Association 
des  Chimistes  de  Sucrerie  et  de  Distillerie,  it  was  directed  by  vote  of 
the  congress  that  the  official  methods  of  Germany,  France,  and  the 
United  States  be  published  in  both  the  French  and  German  languages, 
the  work  of  editing  and  publication  being  placed  in  the  hands  of  D. 
Sidersky,  of  Paris,  the  author  of  the  well-known  treatise  on  sugar 
chemistry. 

The  above  journal  also  states  that  a  commission,  consisting  of  repre- 
sentatives of  three  dili'erent  sections  of  the  congress,  was  appointed  to 
formulate  or  prepare  methods  for  the  determination  of  potash  in  the 
principal  technical  or  commercial  products  containing  this  constituent. 

The  members  of  our  association  have  no  doubt  been  i)leased  to  learn 
of  the  action  taken  with  reference  to  the  publication  of  our  official 
methods  in  both  French  and  German,  as  our  methods  have  in  the  past 
been  ignored  to  a  great  extent  by  chemists  on  the  other  side  of  the 
water.  In  a  number  of  instances,  methods  adopted  by  our  association 
or  reported  in  our  proceedings  have  appeared,  after  the  lapse  of  some 
time,  in  foreign  periodicals,  possibly  with  some  of  the  minor  details 
modified  slightly,  if  at  all,  and  without  any  statement  or  acknowledg- 
ment as  to  the  origin  of  the  method  thus  reproduced.  With  our 
methods,  however,  published  under  the  sanction  of  this  congress  of 
chemists  in  the  two  chief  languages  of  Continental  Europe,  let  us  hope 
that  transatlantic  chemists  will  become  better  acquainted  with  our 
processes  of  analysis  and  will  concede  to  them  at  least  a  share  of  the 
merit  and  recognition  which  is  accorded  them  at  home. 

A  recent  report  of  a  committee,  appointed  by  the  Belgian  Associa- 
tion of  Chemists  to  investigate  the  comparative  merits  of  the  leading 
methods  for  potash  determination  in  use  in  the  laboratories  of  that 
country,  gives  the  results  of  tests  of  a  number  of  processes,  although 
the  LindoGladding  method  does  not  appear  in  the  list  of  methods 
investigated.  The  results  reported  seem  to  indicate  that  there  is  quite 
a  diversity  in  the  methods  employed  in  that  country,  and  also  that  the 
same  method  in  the  hands  of  different  analysts  fails  to  give  satisfactory 
and  concordant  results.  The  sample  of  fertilizer  sent  out  for  these 
cooperative  tests  had  a  known  content  of  5.40  per  cent  of  water  soluble 
potash,  while  the  results  reported  by  eight  chemists  vary  from  4.69  to 
6.51  per  cent,  a  variation  between  the  extremes  of  1.82  per  cent, 
amounting  to  about  33.5  per  cent  of  the  actual  potash  content,  or 
about  39  per  cent  of  the  minimum  result. 

We  should  take  courage  from  the  examination  of  these  figures,  which 
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read  somewliat  like  some  of  the  association's  past  results  for  crude  fiber 
or  nitrogen  free  extract,  and  our  organization  is  to  be  congratulated 
that,  so  far  as  our  fertilizer  work  is  concerned,  the  variations  in  results 
of  our  cooperative  tests  of  samples  have  been  reduced  within  limits 
much  narrower  than  we  had  originally  hoped  to  attain  at  so  early  a 
period  of  the  association's  existence. 

A  recent  number  of  the  Bulletin  de  1' Association  des  Chimistes 
makes  mention  of  a  new  nitrogenous  fertilizer  calcium  cyanate,  which 
awaits  employment  at  the  hands  of  European  agriculturists,  but  little 
information  is  given  with  regard  to  its  probable  economic  value  or 
utility. 

The  fertilizer  control  in  some  of  our  Southern  States  has  experienced 
some  little  trouble  during  the  past  year  or  two  on  account  of  the  sale 
or  offering  for  sale  of  formulae  or  receipes  for  the  preparation  of  home- 
mixed  manures  designed  to  supplant  or  supersede  the  commercial 
article.  In  practically  all  such  cases  the  formulae  are  absolutely  worth- 
less, as  they  prescribe  the  use  of  such  substances  as  ammonium  nitrate, 
commercial  ammonia,  caustic  potash,  soda  ash,  blnestone,  sulphur,  free 
phosphoric  acid,  and  various  inert  bodies  or  incompatibles  which  are 
mixed  together  and  incorporated  with  some  such  material  as  ordinary 
earth  or  barnyard  scrapings.  In  several  of  the  States  the  sale  of  such 
fraudulent  formulfle  has  been  promptly  exposed  and  the  attention  of 
the  agricultural  public  called  to  the  worthlessness  of  such  recipes. 

In  accordance  with  a  resolution  of  this  association  adopted  at  a 
former  meeting,  the  work  of  the  abstract  committee  has  appeared  in 
regular  installments  with  each  issue  of  the  Experiment  Station  Eecord, 
and  we  are  thus  enabled  to  secure  the  benefits  of  foreign  contributions 
to  the  literature  of  agricultural  analysis,  presented  in  a  convenient 
and  condensed  form,  and  reaching  us  much  more  promptly  than  by 
the  publication  of  such  abstract  matter  in  the  same  volume  witli  our 
annual  proceedings. 

At  the  last  annual  meeting  of  this  association  the  president  in  his 
opening  address  called  attention  to  the  importance  of  the  study  and 
investigation  of  foods  for  human  consumption,  and  pursuant  to  a  reso- 
lution adopted  at  that  time  a  committee  was  appointed  to  consider  what 
attitude  it  is  desirable  for  this  body  to  assume  with  reference  to  food 
adulterations  and  legislation  relating  thereto,  and  a  report  from  this 
committee  will  no  doubt  be  presented  in  due  order. 

Our  methods  for  the  analysis  of  dairy  products,  as  they  stand  at 
present,  are  of  course  chiefly  quantitative  in  their  chara(;ter,  and 
although  extremely  comi)rehen8ive,  do  not  include  tests  lor  the  more 
common  adulterants  or  preservatives  encountered  in  such  materials. 
It  is  true  that  methods  covering  these  cases  are  within  easy  reach  of 
every  chemist  who  has  access  to  reference  works  and  periodical  litera- 
ture on,  the  subject,  but  in  cases  of  this  character,  which  frequently 
come  before  the  courts  for  adjudication,  the  findings  of  the  chemist  will 
be  largely  strengthened  if  it  is  known  tliat  the  methods  emx)loyed  in 
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his  tests  have  received  the  official  sanction  of  an  association  of  this 
character. 

The  investigations  of  the  Division  of  Chemistry  of  the  United  States 
Department  of  Agriculture,  contiuued  through  a  number  of  years,  have, 
however,  supplied  ample  contributions  to  every  department  of  the  lit- 
erature of  foods  and  food  adulterations,  and  a  reference  to  its  publica- 
tions on  this  subject  will  supply  the  desired  information  in  almost 
every  individual  case  which  may  arise. 

The  Division  of  Nutrition  Investigations  has  given  much  time  and 
attention  to  the  study  of  the  composition  of  the  chief  food  materials 
consumed  in  the  various  sections  of  this  country,  and  has  conducted  a 
large  number  of  dietary  studies  in  the  Northern,  Western,  and  Southern 
States,  the  results  of  these  investigations  being  embodied  in  a  series 
of  publications  issued  by  the  Department. 

The  matter  of  the  analysis  of  foods  and  feed  stuff's,  as  shown  by  the 
experience  of  this  association,  is  one  of  the  most  difficult  questions 
connected  with  the  work  of  this  organization,  but  with  the  progress 
already  made  in  this  line  of  work,  and  in  view  of  the  success  already 
attained  in  other  departments  of  association  work,  we  have  reason  to 
hope  tor  substantial  improvement  in  the  near  future. 

In  the  meantime,  while  the  processes  employed  are  doubtless  the 
best  within  our  reacli  at  present,  it  is  nevertheless  to  be  conceded  that, 
as  regards  some  constituents,  the  methods  provisionally  in  use  consti- 
tute simply  a  modus  vivendi  until  something  better  is  secured. 

In  the  consideration  of  the  question  of  changes  in  our  methods  of 
analysis,  the  association  will  no  doubt  continue  to  pursue  the  i)olicy  it 
has  adhered  to  in  the  past,  and  while  we  have  not  hesitated  to  alter  or 
discard  existing  methods  when  it  is  shown  by  actual  results  and  figures 
that  another  process  is  more  desirable,  our  proceedings  have,  at  the 
same  time,  been  characterized  by  a  spirit  of  ox)nservatism  which  "makes 
us  rather  bear  those  ills  we  have  than  fly  to  others  that  we  know  not  of." 
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The  President.  Before  proceeding  to  the  regular  order  it  will  be 
necessary  to  appoint  a  committee  on  recommendations  of  reporters. 
The  committee  will  consist  of  Messrs.  Wheeler,  Huston,  Van  Slyke, 
Gaines,  and  Kilgore. 

Following  the  regular  order,  the  reporter  on  nitrogen  now  has  the 
floor. 

Mr.  Street.  I  beg  to  present  the  following  report : 

BEPOET  ON  UITEOQEN. 

By  John  P.  Street. 

The  work  of  your  reporter  this  year  was  largely  influenced  by  suggestions  made 
at  our  last  convention.  The  Ulsch  and  zinc-iron  methods  for  nitric  nitrogen  and  the 
Fassbender  method  for  total  nitrogen  were  recommended  for  further  trial.  In  addi- 
tion to  these  lines  of  work  it  has  seemed  to  me  to  be  advisable  to  give  some  atten- 
tion tg  the  question  of  the  availability  of  organic  nitrogen,  so  that,  even  if  no 
conclusive  results  were  secured,  this  important  question  might  at  least  be  started 
toward  a  satisfactory  solution.  The  report  will  therefore  be  considered  under  two 
heads: 

I.  New  methods  of  determining  nitrogen  in  commercial  fertilizers. 

II.  A  preliminary  study  of  the  availability  of  organic  nitrogen. 

Early  in  December  a  letter  requesting  cooperation  was  addressed  to  60  chemists, 
representing  all  of  the  American  experiment  stations  and  several  commercial  firms. 
Twenty-fonr  favorable  replies  were  received  to  this  letter,  and  of  this  number  16 
have  reported  results  either  on  all  the  work  or  in  part.  On  July  30  a  letter  of 
instruction  was  sent  to  those  who  had  signified  a  wish  to  take  part  in  the  work. 

Preparation  of  Samples. 

Three  samples  of  fertilizers  were  prepared  for  distribution.  The  materials  usid 
in  compounding  these  mixtures  were  sodium  nitrate,  potassium  nitrate,  tankage, 
cotton-seed  meal,  linseed  meal,  ammonium  sulphate,  acid  phosphate,  potassiiuu 
chlorid,  and  sodium  chlorid.  These  ingredients  were  dried  for  live  hours  at  from  60^ 
to  70°  C,  and  were  then  allowed  to  stand  exposed  to  the  air  for  fifteen  hours  in  order 
that  they  might  biv'ome  in  equilibrium  with  the  atmosphere.  They  were  then 
ground  to  pass  through  a  one  twenty-fifth  inch  sieve  and  bottled.  The  salts  were 
afterwards  passed  through  a  one-fiftieth  iucli  sieve  also.  After  grinding  they  were 
thoroughly  mixed  and  samples  for  analysis  taken,  the  results  of  which  follow: 


!Xitrogen  i 


Xitratea.   I  Amtnonia.    Organic  X. '    Total  N. 


Soditun  nitrate 

Potassium  nitrate 

Tankage 

Cotton-seed  meal 

Linseed  meal 

Ammoninm  sulphate . 
Acid  phosphate 


Percent.       Percent.       Percent.       Percent. 


15.80 
13.20 


0.20 


21.18 


12.06 
7.68 
6.03 


.13 


15.89 
13.20 
12.26 
7.60 
6.03 
21.18 
.13 
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No  traoas  of  nitrogen  were  found  in  the  potassium  chlorid  or  sodium  chlorid. 

The  ingredients  of  the  different  mixtures  were  then  spread  oat  on  a  heavy  paper 
and  thoroughly  mixed,  from  one  to  two  hours,  by  turning  with  a  spatula  and  passing 
through  a  drug  mill.  They  were  then  bottled  and  sealed,  and  the  first,  tenth,  twen- 
tieth, and  thirtieth  bottles  of  each  series  were  kept  fur  the  use  of  the  reporter. 

The  mixtures  were  made  up  as  follows : 

Samplo  No.  1 : 

900  grams  sodium  nitrate,  containing  143.01  grams  nitrogen. 
525  grams  potassium  nitrate,  containing  69.30  grams  nitrogen. 
75  grams  potassium  chlorid. 

Or  14.15  per  cent  nitric  nitrogen. 
Sample  No.  2 : 

150  grams  sodium  nitrate,  containing  23.83  grams  nitrogen. 
300  grams  cotton-seed  meal,  containing  23.07  grams  nitrogen. 
300  grams  linseed  meal,  containing  18.09  grams  nitrogen. 
600  grams  acid  phosphate,  containing  0.78  grams  nitrogen. 
ir.0  grams  potassium  chlorid. 

Or  4.38  per  cent  total  nitrogen,  containing  1.59  per  cent  nitric  nitrogen. 
Sample  No.  3 : 

225  grams  sodinm  nitrate,  containing  35.75  grams  nitrogen. 
75  grams  ammouiam  sulphate,  cont.aining  15.89  grams  nitrogen. 
300  grams  tankage,  containing  36.78  grams  nitrogen. 
750  grams  acid  phosphate,  containing  1.08  grams  nitrogen. 
150  grams  potassinm  chlorid. 

Or  5.96  per  cent  total  nitrogen,  containing  2.38  per  cent  as  nitrates  and 
1.10  per  cent  as  ammonia. 

In  preparing  these  mixtures,  No.  1  was  intended  to  represent  a  highly  nitrated 
sample  and  Nos.  2  and  3  commercial  fertilizers — one  containing  nitrates  and  the 
other  both  nitrates  and  ammonia,  in  connection  with  organic  nitrogen. 

As  a  check  on  the  thoronghness  and  evenness  of  mixing,  total  nitrogen  was  made 
in  portions  from  four  different  bottles  of  each  sample  with  the  following  results : 

The  following  table  shows  the  percentage  of  total  nitrogen  in  four  determinations : 


Sample. 

1 

1       ^'       ', 

1 

B. 

C. 

I). 

Xo  1 

. 

!        14.12  ' 

14. 12  1 
4.40  1 
6.03 

14.12 
4.11 
6.06 

14.14 

Xo.2 

1          4.39  1 

4.39 

Xo.3 

'          6.04  i 

5.99 

1 

From  these  results  it  is  evident  that  the  samples  left  the  reporter's  hands  (hor- 
oughly  homogeneous  and  well  mixed. 

Ulsch-Street  Method  for  Nitrates. 

The  method  recommended  was  slightly  different  from  that  published  in  the  last 
report  of  the  association,  and  is  as  follows: 

Place  1  gram  of  material  into  a  flat-bottomed  500  cc  flask;  add  2  to  3  grams  of 
reduced  iron,  25  cc  of  water,  and  10  co  of  sulphuric  acid  (sp.  gr.  1.35).  Shake  well 
wash  down  the  sides  of  the  flask  with  a  little  water,  and  boil  gently  for  five  minutes. 
(Where  the  material  is  very  rich  in  nitrates,  as  in  nitrate  of  soda,  the  use  of  a  dropping 
bulb  is  recommended.)  Add  about  100  cc  of  water,  a  little  paraffin,  and  3  to  5  grams 
ol  heavy  oxid  of  magnesia;  distill  for  thirty-five  to  forty  minutes,  nearly  to  dryness, 
and  ti  tratoas  usual.  The  nitrogen  obtained  represents  tlie  nitrates,  plus  the  ammonia, 
contained  in  the  sample. 

In  the  analysis  of  nitrate  salts  proceed  as  above,  except  that  25  cc  of  the  nitrate 
solntion  are  employed  with  5  grams  of  reduced  iron.  After  boiling  add  75  vo  of 
water  and  an  excess  of  sodium  hydrate,  and  proceed  as  above. 

Cautians, — The  magnesium  oxid  should  be  fresh  and  practically  freo  from  carbon 
dioxid.  In  the  distillation  bring  to  a  boil  very  gradually,  as  at  tirst  there  is  a 
tendency  to  foam. 
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Percentaffe  of  nitrogen  by  UUeh-Street  method  by  distillation  with  KaOHand  MgO, 


No.l. 


Analyst. 


NaOH.   ;     MgO. 


No.  2. 


No.  8. 

NH,  de- 
ducted. 


Wisconsin  SUtion.  F.  W.Woll 

Virginia  Station : 

R.J.  Davidson 

A.  T.  Eskridge 

W.B.  EUett 

Maryland  Agricultural  College: 

F.P.Veitch 

H.  B.  McDonnell 

F.  B.  Bomberger 

Illinois  Station,  C.  G.  Hopkins 

Vermont  Station,  C.  H.Jones 

PennsylTania  Station : 

W.S.  Sweetser 

C.  A.  Browne , 

United  States  Department  of  Agriculture,  T.  C.  Trcscot. 
Lister's  Agricnitural  Chemical  Works,  C.  S.  Cathcart ... 
New  Jersey  Station,  J.  r.  Street 

Areruge 

Theory 


13.85 

13.78 
13.77  J 
13.66  ! 

14.00 
13.90 
13.86  ! 
14.02  ; 


.1 


13.08 
14.16 


13.87 
13.77 
14.00 
14.04 
14.15 


14.15 


1.50 

1.62 
1.63 
1.63 


67 


1 

1.68 
»1.72 
•1.70 

1.65 

1.68 
1.66 
U.70 
1.62 
1.62 


'2. 67 

2.43 
2.44 
2.46 

2.33 
12.24 
2.47 
2.81 
2.31 

2.35 
2.35 
2.31 
2.36 

2.38 


1.64 
1.50 


2.38 

2.38 


1  Omitted  ftom  the  averages. 


COMMENTS  OF  AXALY8T.S. 


R.  J.  Davidson:  ObtAined  14.17,  14.17,  and  14.22  in  Xo.  1  by  the  followinpr  modifi- 
cation :  To  the  25  cc  of  solution  taken,  add  100  oc  of  water,  5  grams  of  reduced  iron, 
and  15  cc  of  sulphuric  acid  (1.35);  let  stand  until  all  action  ceases,  then  he&t  for  five 
minutes  and  add  100  cc  of  water,  a  little  granulatecl  zinc  and  ]taraffin,  and  30  cc  of 
sodium  hydrate;  distill  almost  to  dryness.  He  experienced  considerable  difficulty 
ft'om  bumpine  when  sodium  hydrate  was  used. 

Maryland  Agricultural  College:  Preparatory  to  distillation  the  solutions  were 
heated  slowly  for  forty-fiye  minutes,  and  then  boiled  for  five  minutes  with  the  fol- 
lowing results : 

Percen  tage  of  n i  irogen . 


AnalvBt. 


K.  P.  Veitch 

H.B.  McDonnell 
F.  B.  Bon]b<>rger 


No.  1. 

14.22 
14.17 
14.11 


No.  2. 
1.67 

No.  3. 

2.56 

1.72 

2.40 

1.70 

2.37 

Fourteen  chemists  reported  results  by  the  modified  Ulsch  method  The  results 
secured  in  No.  1  are  far  from  satisfactory.  Of  the  14  sets  reported  only  six  approach 
the  calculated  percentage.  The  results  Tary  from  13.66  to  14.15  per  cent,  or  0.49  per 
cent.  No  trouble  whatever  was  experienced  in  the  New  Jersey  laboratory  when  the 
instructions  sent  out  were  strictly  followed.  If  the  analysts  had  followed  the  method 
strictly,  especially  the  steps  after  the  reduction  was  effected,  it  is  difficult  to  under- 
stand why  good  results  would  not  have  been  secured.  Inconiplote  distillation  is  prob- 
ably the  chief  cause  of  the  low  results.  A  brisk  boiling  of  forty  minutes,  which  is 
usually  nearly  to  dryness,  will  canse  nil  the  aminon  ia  to  be  distilled  over.  Some  of  the 
analysts  reported  difficulty  with  bumping  when  the  solntions  became  low.  Several 
hundred  determinations  by  this  method  have  been  made  in  the  New  Jersey  labora- 
tory and  we  have  never  experienced  this  difficulty.  The  freshness  of  the  magnesium 
oxid  is  a  very  important  point.  The  instructions  expressly  stated  that  f^esh  oxid 
should  be  used  for  the  liberation  of  the  ammonia.     We  have  had  some  trouble  with 
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this  method  oooMionally  in  the  past,  and  have  always  foand  the  caiwe  to  be  impurity 
of  the  magnesia  used.  Exposoie  to  the  air  oaoses  it  to  carbonate,  which  not  only 
decreases  itsefTectiveness  bat  renders  the  titration  very  difficult  as  well  as  inaoonrate. 

Several  snggestiona  have  been  made  also  as  to  the  preliminary  treatment  of  the 
solution  before  and  during  the  reduction  x>eriod.  The  experience  of  our  laboratory 
with  the  method  is  that  the  amount  of  acid  used  and  the  time  of  boiling  have  little 
to  do  with  the  final  results.  Whether  5,  10,  or  15  cc  of  sulphuric  acid  are  used, 
or  whether  the  solution  is  boiled  five  minutes  or  one  hour,  matters  little.  The 
smaller  amount  of  acid  has  been  found,  by  actual  trial,  to  be  quite  sufficient,  and  the 
larger  quantity  was  recommended  for  the  sole  purpose  of  insuring  an  excess.  As  to 
the  time  of  boiling  or  digesting,  Ulsch,  the  originator  of  the  method,  has  shown  (Zeit. 
Anal.  Chem.,  90, 17S^182)  that  the  conversion  of  the  nitrates  into  ammonia  is  almost 
instantaneous,  less  than  one  minute  being  required  for  the  operation.  It  will  be 
seen,  therefore,  that  an  extended  boiling  of  the  solution  theoretically  should  have 
little  effect  on  the  results.  The  concentration  of  the  solution  is  also  important.  In 
all  of  our  work  with  the  Ulsch  method,  especially  on  nitrate  of  soda,  we  have  endeav- 
ored to  keep  the  solution  as  concentrated  as  possible.  Our  experience  is  that  the 
greater  the  concentration  is,  the  less  difficulty  there  is  in  securing  a  complete  distil- 
lation of  the  ammonia. 

It  is  to  be  regretted  that  the  results  on  this  sample  are  no  better.  The  method 
has  been  before  the  association  for  nearly  live  years  and  has  been  used  for  that  period 
by  the  New  Jersey  Station,  where  it  has  given  perfect  satisfaction.  The  resulte 
this  year  would  seem  to  indicate  that  the  analysts  have  not  followed  the  method 
exactly  as  given  in  all  its  details,  probably  omitting  some  apparently  unimportant 
step,  on  which  however  may  depend  the  method's  success.  It  is  also  instructive  to 
notice  that  six  of  the  analysts,  who  reported  low  results  on  this  sample  by  the  Ulsch 
method,  had  quite  as  much  difficulty  in  securing  satisfactory  results  by  the  Kjeldahl 
and  Gunniog  methods,  both  of  which  are  accepted  methods  of  this  association.  Their 
results  by  these  methods  varied  from  0.28  to  0.71  per  cent  less  than  the  theoretical 
composition.  One  analyst  reported  a  result  0.50  per  cent  below  theory,  and  while 
requesting  him  to  repeat  his  work  I  asked  for  a  portion  of  his  sample  that  I  might 
teat  it  also.  My  three  results  were  14.13,  14.10,  and  14.10  against  14.15  theory. 
This  would  seem  to  offer  additional  testimony  as  to  the  uniformity  of  the  sample 
sent  out. 

The  results  obtained  by  this  method  in  samples  2  and  3  are  all  that  could  be 
desired.  In  sample  2  only  3  of  the  14  chemists  vary  from  theory  by  more  than  0. 10  per 
cent,  while  the  greatest  variation  is  0.20  per  cent;  in  sample  3,  only  2  of  the  14  vary 
more  than  0.09  per  cent,  one  being  0.29  per  cent  higher  than  the  other  0.14  per  cent 
lower  than  theory.  These  results  show  that  in  mixed  fertilizers  at  least  the  modified 
Ulsch  method  is  an  excellent  working  method,  rapid  and  accurate. 

Zixc-lRON  Method. 

The  method  recommended  for  trial  was  that  given  in  Bulletin  46  of  the  United 
States  Department  of  Agriculture,  page  22. 

Percentage  of  nitrogen. 


Analyst. 


Virginia  Station: 

R.  J.  Davidson 

A.T.£skridge 

W.B.Ellctt 

niJDois  Station,  C.  G.  Hopkins 

Vennont  Station,  C.  H.  Jones 

Toited  Stat«s  Department  of  A  griculture,  T.  C.  Tresoot. , 

Avexages 

Tkepry 


No.  1.        No.  2.        No.  3. 


13.00 
13.66 
13.83 
14.03 
14.16 
13.53 


13.84 
14.15 


1.68 
1.68 
1.62 
1.66 
1.67 


1.66 
1.G9 


2.30 
2.40 
2.35 
2.38 
2.30 
2.30 


2.34 
2.38 
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Only  six  cliemists  reported  results  by  this  method.  The  work  ou  sample  1  Is  quite 
as  unsatisfactory^  if  not  more  so,  than  that  secured  by  the  Ulsch  method  on  the  same 
sample,  only  two  chemists  approaching  theory,  while  there  is  a  variation  from  13.53 
to  14.16  per  cent,  or  0.63  per  cent.  In  samples  2  and  3  the  results  were  much  bet- 
ter, the  variations  being  slight,  and  all  quite  near  the  average.  The  reporter  has 
repeatedly  tried  this  method  during  the  past  three  years  and  has  never  been  able  to 
secure  satisfactory  results  with  it.  In  samples  containing  much  organic  matter 
there  is  a  very  decided  tendency  to  foam,  and  during  the  distillation  it  is  almost 
impossible  to  prevent  the  mechanical  carrying  over  of  alkali.  The  results  on  sam- 
ples 2  and  3,  while  good,  are  by  no  means  conclusive.  The  source  of  their  organic 
nitrogen  was  cotton-seed  meal,  linseed  meal,  and  tankage,  all  of  which  are  quite 
refractory  materials.  On  samples  containing  dried  blood  and  other  materials  whose 
nitrogen  is  easily  decomposed,  it  would  seem  that  some  of  the  organic  nitrogen 
would  pass  over  in  the  distillation,  thus  giving  high  results.  It  was  this  tendency 
which  prompted  the  reporter  to  modify  the  Ulsch  method,  so  that  magnesium  oxid 
was  used  in  place  of  sodium  hydrate.  The  reporter  regrets  that  through  inadvert- 
ence, in  the  preparation  of  his  samples,  he  overlooked  this  method,  so  that  it  will 
be  impossible  to  deduce  from  the  results  secured  any  definite  conclusions. 

Fassbender  Method. 
The  method  recommended  by  the  reporter  was  as  follows : 

Place  1  gram  of  material  into  a  K^ieldahl  flask,  cover  with  20  cc  of  water,  shake 
and  allow  to  stand  for  ten  minutes ;  then  add  2  grams  of  powdered  iron  (reduced  iron 
answers  very  well)  and  10  cc  of  sulphuric  acid  (sp.  gr.  1.35).  Warm  gently  on  furnace 
until  evolution  of  hydrogen  ceases.  Add  0.7  gram  of  mercuric  oxid  and  20  cc  of 
strong  sulphuric  aciii,  and  proceed  as  in  the  Kjeldahl  method. 

Pvrcvvtage  of  nitrogen. 


Analyst. 


Lister's  Agricultural  Chemical  Works,  C.  S.  CatLcart. 
Virginia  Station : 

R.  J.  Davidson 

A.T.Eskridge 

W.B.Ellett 

Maryland  Agricultural  College : 

F.P.Veitch 

H.  B.  McDonnell 

F.  B.  Bomberger 

Illinois  Station,  C.  G.  Hopkins 

Xortb  Carolina  Station,  W.  M.  Allen 

Vermont  Station,  C.  H.  Jones 

Pennsylvania  Station : 

W.S.  Sweetser 

C.  A.  Browne 

New  Jersey  Station,  J.  P.  Street 

Connecticut  Station,  A.  L.  Winton 

Averages 

Theory 


Xo.  2. 

No.  3. 

4.27 

5.06 

4.37 

»5.65 

5.87 

4.53 

»5.65 

i.39 

5.99 

4.34 

5.93 

4.37 

5.91 

4.44 

G.18 

4.31 

6.02 

13.77 

•4.41 

4.21 

5.75 

4.21 

6.73 

4.40 

COl 

U.41 

>5.95 

4.35 

5.94 

4.38 

5.96 

I  Not  included  in  the  averages. 

Thirteen  chemists  reported  results  by  this  method.  The  results  are  fairly  satisfac- 
tory, but  not  as  close  as  they  might  be.  In  sample  2  the  results  of  four  analysts 
vary  more  than  0.10  per  cent  from  the  average,  while  only  one  varies  more  than  0.18 
per  cent.  When  it  is  remembered  that  a  very  large  proportion  of  the  nitrogen  of 
this  sample  is  derived  from  cut  ton-seed  and  linseed  meal,  this  variation  is  not  so 
surprising. 
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In  sample  3,  omitting  the  tftiree  results  Tarying  more  than  0.25  per  cent  from  the 
average,  we  find  seven  chemists  reporting  results  less  than  0.09  per  cent  from  theory, 
while  three  vary  from  0.21  to  0.24  per  cent.  The  work  by  the  Fassbender  method  on 
these  samples  is,  on  the  whole,  all  that  ooold  be  expected  from  the  first  trials  of  an 
nnfamiliar  method.  The  reporter  is  satisfied  that  with  it,  as  with  the  Ulsch  method, 
when  failore  to  obtain  good  results  occors,  it  is  usually  due  to  lack  of  practice  in  the 
manipulation  of  the  method. 

At  the  last  meeting  of  the  association  the  nitrogen  reporter  called  attention  to  a 
number  of  comparative  results  obtained  by  this  method  by  Mr.  L.  H.  Merrill,  of  the 
Maine  Station,  and  by  myself.  These  tests  were  secured  in  our  regular  fertilizer 
work  aud,  as  the  results  show,  were  very  satisfactory.  In  32  samples  Mr.  Merrill 
secured  an  average  of  2.39  per  cent  by  ther  Gunning  and  2.37  per  cent  by  the  Fass- 
bender method.  In  107  samples  I  obtained  an  average  of  2.96  per  cent  by  the 
modified  Kjeldahl  and  2.99  per  cent  by  the  Fassbender  method.  In  addition  to  these 
results  I  have  made  during  the  past  season  some  additional  -comparative  tests  which 
follow : 

Fer  Gtfhi  of  niirog&n  obt4Uned  by  different  iMihods. 


Official. 

Pass- 
bonder. 

Official. 

Fass- 
bender. 

|offlclal. 

Fass- 
bender. 

Official. 

FasB- 
bender. 

'official. 

Fass- 
bender. 

2.51 

2.44 

3.15 

3.10 

1.0. 

0.98 

1.66 

1.67 

!      3.51 

3.53 

2.58 

2.61 

j      2.77 

2.65 

1.93 

1.83 

2.04 

1.97 

3.07 

3.85 

2.50 

2.58 

3.20 

3.28 

1.74 

1.65 

'      1.36 

1.28 

1.82 

1.74 

3.78 

3.69 

2.04 

2.05 

2.88 

2.78 

3.97 

4.08 

2.25 

2.18 

3.92 

3.02 

1.55 

1.49 

1.69 

1.60 

2.66 

2.65 

1      2.97 

2.95 

4.33 

4.30 

3,11 

3.12 

2.96 

2.86 

;      2.42 

2.49 

4.52 

4.53 

3.11 

3.06 

2.45 

2.49 

2.04 

2.06 

i      3.35 

8.32 

1      1.57 

1.53 

3.15 

3.07 

3.30 

3.33 

3.60 

3.51 

2.70 

2.63 

'      1.99 

2.00 

3.34 

3.44 

2.59 

2.49 

1.75 

1.09 

j      1.83 

1.81 

1.47 

1.37 

3.06 

2.05 

2.91 

2.84 

3.53 

3.43 

i      2.01 

1.97 

2.47 

2.49 

3.84 

3.82 

1.06 

1.60 

3.18 

3.06 

3.38 

3.41 

2.66 

2.55 

Averages:  Official,  2.69;  Fassbender,  2.65. 

Fifty-five  comparative  tests  were  made,  by  which  an  average  of  2.69  per  cent  was 
obtained  by  the  official  method  and  2.65  per  cent  by  the  Fassbender.  The  samples 
tested  represented  regular  commercial  fertilizers,  and  the  analyses  were  all  made  in 
the  rush  of  routine  work. 

HISCSLLANEOUS  RESULTS. 

Some  of  the  analysts  reported  results  which  did  not  properly  come  under  the  dis- 
cussion in  the  preceding  sections,  and  which  I  tabulate  below: 

Per  cent  of  nitrogen  obt-ained  by  different  methods. 


Analyst. 


leister's  Agrlcnltnral    Chemical  Works, 

C.S.  Cstbcart 

Tnaconsin  Station,  F.  W.  Woll 

Tirgiaia  Station. 

B.  J.  Davidson 

A.T.  Eakridge 

W.B.Ellett 

Harjlimd  Agrlcnltnral  College : 

F.P.Veitch 

H.  B.  McDonnell 

F.B.  Bomb«rger 

Illinois  Station,  C  6.  Hopkins 

Iforth  Carolina  Station,  W.  M.  Allen 

10328— No.  49 2 


No.l. 


Kjel- 
dahl. 


14.02 


14.06 
14.07 


Gnn- 
ning. 


Fass- 
bender. 


No.  2. 


No.  3. 


KJel- 
dahl. 


Gun-      Kjel-  1   Gun- 
ning.      dahl.      ning. 


13.44 


13.74 


4.33 
4.44 


14.22 
13.08 


4.45 
4.33 


4.33 
4.43 
4.42 

4.28 
4.14 
4.16 


5. 06  ! 
5.83  ' 


6.02  ' 
5.97 


6.08 
5.87 
5.90 

5.94 

5.78 
5.73 


6.12    . 
6.06  !. 
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Per  cent  of  nitrogen  obtained  by  different  met^odtf— Continaed. 

No.1. 

No.  2. 

No.  3. 

Analyst. 

dahl! 

Gun- 
ning. 

Fass- 
bender. 

KJel- 
dahl. 

Gun- 
ning. 

KJel- 
dahl. 

Gun- 
ning. 

Hhod«  Tfiland  Strfltion,  P.  T.,  Fftrtw«11 

4.35 
4.20 

4.33 
4.31 

4.40 
4.36 

6.01 
5.85 

5.72 
5.77 

5.97 
6.03 

Vermont  Station,  C.  H.  Jones 

FennsylvaniA  Station : 

"W.  S.  Sweetser 

14.05 
118.87 

C.  A.  Browne 

United  States  Department  of  Agriculture, 
T.C.  Trescot 

5.96 

New  Jersey  Station,  J.  P.  Street 

14.14 

4.39 

6.04 

Averages 

14.07 
14.15 

13.69 

14.12 

4.86 
4.38 
4.40 

4.32 
4.87 

5.04 
5.96 
5.94 

5.02 

Theory 

Connec ticut  Station,  A .  L.  Winton 

6.96 

'  Omitted  from  the  average. 

The  reeults  in  No.  1  by  the  modified  Kjeldahl  method  are  very  satis&ctory,  espe- 
oially  when  it  is  remembered  that  all  the  nitrogen  is  in  the  nitric  form.  Five  of  the 
six  results  reported  vary  less  than  0.10  per  cent  from  theory. 

The  results  by  the  Gunning  and  Fassbender  methods  are  too  few  to  warrant  any 
conclusions^  although  the  Gunning  results  are  somewhat  disappointing  in  light  of 
the  fact  that  the  method  has  already  been  made  official.  In  Nos.  2  and  3  the  results 
by  both  the  modified  Ejeldahl  and  Gunning  methods  are  very  good,  with  two  or 
three  exceptions.  In  No.  2  the  result  by  the  Kjeldahl  method  yaries  more  than  0.10 
per  cent  from  theory,  while  only  two  by  the  Gunning  show  such  a  yariation.  In 
No.  3  five  of  the  twelve  results  reported  vary  more  than  0.10  per  cent,  but  only  two 
more  than  0.20  per  cent  ft'om  theory.  Two  of  the  analysts  experienced  difficulty 
with  the  Gunning  method  in  all  three  samples,  as  they  did  with  the  Ulsch  method 
also. 

Magnssium-Oxid  Method. 

Percentage  of  nitrogen. 


Analyst. 


Lister's  Agricultnral  Chemical  Works,  C.  S.  Cathcart .. . 

Wisconsin  Station,  F.  W.  Woll 

Virginia  Station : 

R.  J.  Davidson 

A.  T.Eskridge 

W.B.  EUett 

Maryland  Agricultural  College : 

F.P.Veitch 

H.  B.  McDonnell 

F.  B.  Bomberger 

Illinois  Station,  C.G.Hopkins 

Rhode  Island  Station,  B.  L.  Hartwell 

Vermont  Station,  C.  H.  Jones 

Pennsylvania  Station: 

W.  S.  Sweetser 

C.  A.  Browne 

United  States  Department  of  Agriculture,  T.  C.  Trescot 
New  Jersey  Station,  J.  P.  Street 

Average 

Theory 


No.  3. 


1.0O 
1.00 

1.11 
1.00 
1.07 

1.07 
1.07 
1.10 
1.05 
1.08 
1.01 

1.05 
L05 
1.10 
1.00 


1.06 
MO 
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Fifteen  analystB  determined  the  nitrogen  existing  in  the  form  of  ammonia  in  No.  3 
hy  the  niagnesinm-oxid  method.  No  resnlt  varies  more  than  0.10  per  cent  firom 
theory  and  only  three  more  than  0.05  per  cent. 

QUALITATIVB  DSTBRMIXATION  OF  NiTRIC  NITROGEN. 

It  is  of  considerahle  importance  to  the  farmer  that  he  should  know  in  what  form 
the  nitrogen  which  he  hays  exists.  It  is  also  of  importance  to  this  association  that 
the  resnlte  of  its  analyses  should  convey  to  the  farmer  just  as  much  definite  informa- 
tion as  possihle.  The  difference  in  cost  to  the  manufacturer  of  the  different  forms  of 
nitrogenous  matter  furnishes  another  argument  for  this  differentiation  of  the  forms 
of  nitrogen.  The  average  wholesale  prices  per  pound  of  raw  materials  during  1895 
were  11^  13.5  and  11.2  cents  per  pound  for  nitric^  ammoniacal,  and  organic  nitrogen, 
respectively.  Of  the  331  complete  fertilizers  analyzed  in  New  Jersey  this  year  187, 
or  56  per  cent,  contained  nitrogen  in  the  nitric  form  and  104,  or  31  per  cent,  contained 
nitrogen  derived  from  ammonia  salts.  As  long  as  these  variations  in  composition  and 
cost  exist  it  would  seem  only  just,  hoth  to  the  manufacturer  and  the  consumer,  that 
the  proper  division  should  be  made.  While  this  is  done  in  most  of  the  stations,  the 
practice  is  by  no  means  universal.  In  the  light  of  these  facts  the  reporter  would 
recoimMBd  the  association  to  provide  that  in  all  fertilizer  work  these  three  forms  of 
nitrogen  should  be  determined. 

Inasmuch  as  most  of  the  stations  do  follow  this  practice,  it  has  seemed  to  the 
reporter  that  the  official  metheda  would  be  more  complete  were  a  qualitative  method 
for  nitric  nitrogen  inserted  in  oar  report.  The  following  method,  based  on  well- 
known  principles,  is  therefore  recommended : 

Five  grams  of  the  fertilizer  are  mixed  with  25  ee  of  hot  water  and  filtered.  To  a 
portion  of  this  solution  add  two  volumes  of  oonceatrated  sulphuric  acid,  free  from 
nitric  acid  and  oxids  of  nitrogen,  and  allow  the  mixture  to  cool.  Add  cautiously  a 
few  drops  of  a  concentrated  solution  of  ferrous  sulphate^  so  that  the  fluids  do  not 
mix.  If  nitrates  are  present,  the  junction  shows  at  first  a  Burple,  afterwards  a 
brown  color,  or  if  present  only  in  a  very  minute  quantity,  a  reddisA  color.  Another 
portion  of  the  solution  may  be  taken,  and  1  oc  of  a  dilute  eolation  of  nitrate  of 
soda  (3 grams  to  300  oc)  be  added  and  tested  as  before  to  determine  wliether  sufficient 
snlpharic  acid  has  been  added  in  the  first  test. 

The  Availabiutt  of  Oroamio  Nitrogen. 

The  increase  of  the  fertilizer  trade  and  the  consequent  seizure  of  any  waste  mate- 
rials available  for  use  in  that  trade  have  offered  in  some  oases  a  temptation  to 
certain  manufacturers  to  make  ase  of  raw  products,  which,  while  they  would  show 
little  effect  in  field  practice,  would  nevertheless  obtain  a  good  analysis  in  the  chem- 
ical laboratory.  This  tendency,  although  it  may  not  be  alarming  at  present,  if 
developed  as  it  may  be,  and  as  there  are  many  reasons  to  believe  that  it  will  be, 
finds  ns  without  proper  methods  for  its  detection  and  correction.  We  have  the 
means  to  determine  how  much  of  the  total  nitrogen  exists  as  nitrates  or  ammonia, 
but  the  origin  of  the  organic  nitrogen  is  not  revealed  to  us  in  our  ordinary  methods 
of  analysis.  Our  present  methods  do  not  attempt  to  indicate  whether  the  source  is 
blood,  tankage,  cotton-seed  meal,  flesh,  fish,  or  bone,  all  of  which  are  valuable  fer- 
tilizing materials,  or  whether  it  is  garbage,  tankage,  leather,  or  wool  waste,  which 
are  comparatively  worthless. 

This  question  is  not  a  new  one  to  American  chemists,  but  up  to  the  present  time 
so  method  has  been  devised  which  gives  universal  satisfaction.  While  it  is  admit- 
ted that  the  only  true  test  is  one  in  which  the  fertilizers  are  tried  on  actual  crops, 
and  nature  allowed  to  be  the  interpreter,  still  such  a  method  is  so  time  consuming 
as  to  be  impracticable  in  most  of  our  laboratories.  While  it  is  impossible  to  imitate 
exactly  the  action  of  the  soil  on  a  small  amount  of  fertilizing  material,  the  relative 
solubility  of  the  materials  under  examination  can  be  determined  in  the  laboratory 
and  compared  with  their  relative  crop-producing  power.    Then,  as  Dr.  Jenkins  says. 


Digitized  by 


Google 


20 

*Hi  these  two  methods  of  examiiiatum  giye  conoordaat  results,  the  first  named  may 
be  adopted  as  a  test  of  the  ayaUability  of  nitrogen  in  mixed  goods,  which  from  the 
nature  of  the  case  could  not  be  tested  by  the  method  of  field  or  pot  experiment/' 

Stntzer  and  Klinkenberg  in  1882  suggested  a  method  where  the  digestion  was 
effected  by  a  solution  of  pepsin.  Drs.  Shepard  and  Chazal,  of  South  Carolina, 
applied  the  method  to  some  peculiarly  American  ammoniates,  and  Dr.  Jenkins,  of 
Connecticut,  has  carried  the  work  still  further  by  also  testing  the  method  of  putre- 
faction fermentation  proposed  by  Morgen. 

The  conclusions  from  the  experiments  of  these  investigators  are  given  in  the 
report  of  the  Connecticut  Station  for  1893,  which  I  quote : 

1.  The  nitrogen  of  dried  blood,  cotton  seed,  castor  pomace,  and  maize  refuse  was 
in  every  case  soluble  in  pepsin-hydrochloric  acid,  by  twenty-four  hours^  digestion, 
to  the  extent  of  75  per  cent  or  more. 

2.  The  nitrogen  of  fish,  dried  animal  matter,  and  of  bone  was  in  every  ease  solu- 
ble to  the  extent  of  over  52  per  cent. 

3.  The  nitrogen  of  leather,  steamed  or  extracted  by  benzine,  was  in  no  case  solu- 
ble to  the  extent  of  over  36  per  cent.  That  of  horn  shavings,  ground  horn  and  hoof, 
cave  guano,  felt  waste,  and  wool  waste  was  considerably  less  soluble  than  the  nitro- 
gen of  leather. 

4.  This  method  divides  the  organic  nitrogenous  matters  used  in  fertilizers  into 
two  classes.  In  one,  more  than  one-half  of  the  nitrogen  is  soluble ;  in  the  other, 
scarcely  more  than  one-third  is  soluble.  To  the  first  class  belong  all  the  materials 
whose  nitrogen  is  known  to  be  readily  available  in  the  usual  sense.  Of  the  second 
class  the  most  soluble  are  leathers  varionsly  manipulated,  which  are  comparatively 
worthless  as  ingredients  of  commercial  fertilizers.  To  some  extent  this  method  is 
therefore  a  measure  of  the  agricultural  value  of  nitrogen.  How  far  it  is  a  measure 
must  be  determined  by  vegetation  experiments  imder  accuratelv  controlled  condi- 
tions, in  which  nitrogen  is  supplied  in  the  same  materials  which  have  been  tested 
by  digestion  experiments. 

In  the  meantime  the  method  has  decided  value,  because  in  many  cases  it  will  dis- 
tinguish in  mixed  fertilizers  between  such  forms  of  nitrogen  as  the  general  sense  of 
practical  farmers  accepts  as  available  and  such  as  the  same  tribunal  condemns  as 
inert. 

After  a  carefully  conducted  series  of  vegetation  tests  in  a  large  number  of  nitrog- 
enous materials  and  tests  by  the  pepsin-hydrochloric  acid  method  in  the  same,  Dr. 
Jenkins  has  come  to  the  conclusion  that,  in  general,  the  solubility  of  the  nitrogen 
of  these  samples  in  pepsin  solution  was  a  fairly  good  measure  of  the  relative  availa- 
bility of  the  nitrogen  to  the  plant  under  the  conditions  of  the  vegetation  experiment. 
In  horn  and  hoof  and  dissolved  leather,  however,  the  amount  of  nitrogen  dissolved 
by  the  pepsin  was  no  indication  of  its  availability. 

Pepsin  Tksts  in  Complete  Fertilizers. 

In  1893  the  Connecticut  Station  tested  every  mixed  fertilizer  analyzed  by  the 
station  that  year  with  pepsin-hydrochloric  acid  to  determine  the  solubility  of  its 
organic  nitrogen  in  that  reagent.  One  hundred  aud  twenty -five  brands  were  exam- 
ined with  the  following  result : 

In  3  brands  over  90  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  22  brands  between  80  and  90  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
Ill  62  brands  between  70  and  80  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  18  brands  between  60  and  70  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  12  brands  between  50  and  60  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  6  brands  between  40  and  50  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  2  brands  under  40  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 

A  fertilizer  showing  60  per  cent  of  its  organic  nitrogen  soluble  in  pepsin  may  be 
considered  as  above  suspicion,  and  one  falling  as  low  as  50  per  cent  must  not  nec- 
essarily be  condemned,  while  one  below  50  per  cent  must  be  regarded  as  suspicious. 
From  the  above  tabulation  it  will  be  seen  that  in  1893  eight  samples,  or  6  per  cent,  of 
the  mixed  fertilizers  sold  in  Connecticut  fell  in  the  suspicious  class. 

In  order  to  determine  whether  the  same  condition  existed  in  New  Jersey,  I  tested 
in  the  same  manner  49  brands  sold  in  our  State  in  1895.    I  was  limited  in  my  tests 
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by  lack  of  time,  and  while  the  number  of  fertilizers  tested  represents  only  a  small 
proportion — 18i>er  cent  of  the  total  number  analyzed  during  the  year— 43  manufac- 
turers are  represented,  and  it  is  believed  that  the  results  secured  are  iudioafeive  of 
the  average  composition  of  New  Jersey  samples. 

One  gram  of  the  fertilizer  was  washed  on  a  filter  with  250  oo  of  cold  water  to 
remove  all  soluble  salts,  and  the  residue  was  treated  with  the  pepsin  solution  as 
hereinafter  described.    The  results  follow : 

In  3  brands  between  80  and  90  i>er  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  13  brands  between  70  and  80  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  16  brands  between  60  and  70  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  II  brands  between  60  and  60  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  4  brands  between  40  and  50  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 
In  2  brands  under  40  per  cent  of  the  nitrogen  were  soluble  in  pepsin. 

It  will  be  seen  from  the  above  that  six,  or  12  per  cent,  of  the  fertilizers  examined 
have  such  a  low  availability  that  they  must  be  regarded  with  suspicion.  The  results 
in  Connecticut  and  New  Jersey  therefore  agree  in  indicating  that  there  are  suspicious 
mixed  fertilizers  on  the  market.  Their  number,  however,  is  not  great,  and  those  in 
New  Jersey,  at  least,  represent,  with  one  exception,  the  product  of  small  manufac- 
turers whose  product  does  not  exceed  50  tons  per  annum. 

Nevertheless  the  existence  of  these  few  suspicious  fertilizers  led  your  reporter  to 
prepare  some  special  mixtures  and  test  them  still  further  with  pepsin  and  such  other 
reagents  as  had  been  brought  to  his  attention.  Five  samples  were  therefore  pre- 
pared as  follows : 

Sampled. — Dried  blood,  90  grams;  acid  phosphate,  290  grams;  muriate  of  potash, 
70  grams,  containing  2.92  per  cent  nitrogen,  8.26  per  cent  available  phosphoric  acid, 
and  7.86  per  cent  potash. 

Sample  5, — Tankage,  108  grams ;  acid  phosphate,  272  grams :  muriate  of  potash,  70 
grams,  containing  3.04  per  cent  nitrogen,  7.74  per  cent  available  phosphoric  acid,  and 
7.86  per  cent  potash. 

Sample  6. — Hoof  meal,  85  grams ;  acid  phosphate,  295  grams :  muriate  of  potash,  70 
grams,  containing  2.58  per  cent  nitrogen,  8.40  per  cent  available  phosphoric  acid,  and 
7.86  per  cent  potash. 

Sample  7.— Kaw  leather,  180  grams;  acid  phosphate,  200  grams ^  muriate  of  pot- 
ash, 70 grams,  containing  2.57  percent  nitrogen,  5.92  per  cent  available  phosphoric 
acid,  and  7.86  per  cent  potash. 

Sample  8. — ^A  sospioious-looking  complete  fertilizer  sold  in  the  State  by  one  of  the 
leading  manofEMtnrers.  It  contained  small  pieces  of  material  strongly  resembling 
leather  in  structure  and  app^earauce.  It  contained  2.03  per  cent  nitrogen,  8.21  per 
cent  available  phosphoric  acid,  and  6.04  per  cent  potash. 

In  the  preparation  of  these  samples  it  was  intended  to  koep  the  relative  amounts 
of  the  different  fertilizing  elements  in  about  the  same  proportion.  The  nitrogen  and 
potaah  were  praotioally  the  same  in  samples  4,  6, 6,  and  7,  while  the  phosphoric  acid 
varied  fr<nn  5.92  to  8.40  per  cent. 

Before  the  samples  were  sent  out  Dr.  Jenkins  very  kindly  consented  to  conduct  a 
series  of  vegetation  tests  with  oats,  using  the  samples  I  had  prepared.  These  tests 
wen  made  in  pots  such  as  are  described  in  the  Connecticut  Report  for  1893,  page 
231,  and  in  the  same  kind  of  artificial  soil  as  there  described.  To  the  artificial  soil 
were  added  5  grams  of  carbonate  of  lime,  but  it  was  believed  that  each  of  the  ferti- 
lizers supplied  enough  of  phosphoric  acid  and  potash  for  the  growth  of  the  crop. 

In  the  following  table  are  given  the  amounts  of  nitrogen  supplied,  the  weights  of 
Ac  separate  crops,  the  nitrogen  contained  in  them,  and  the  percentage  availability 
of  the  organic  nitrogen.  The  table  shows  only  what  the  crops  have  taken  up  and 
dees  not  indnde  the  roots.  There  remains,  of  course,  a  certain  amount  of  nitrogen  in 
Ihe  soil  in  the  form  of  roots,  but  it  has  been  assumed,  from  the  light  of  other  ezperi-> 
aents,  thst  this  residue  is  not  large. 
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Vegetation  experiments  on  oats. 


No. 
of 
pot. 


Kitrogen  supplied. 


In  form  of— 


251 

252 

253 

254 

255 

256  I 

267 

256  I 

259 

260 

261 

262  , 

263  ' 
264 
265  I 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 


Qaantity 
of  nitro- 
gen sap- 
plied. 


No.  4,  dried  blood 


No.  5,  tankage. 


No.  6,  hoof  meal. 


No.  7,  raw 
leather. 


No.  8,  snapicioua 
'       fertilizer. 


No  nitrogen 
added. 


Crop  harvested  (ezclnsive  of  roots). 


€hrami. 

0.5 

.5 

1.0 

1.0 

.5 

.5 

1.0 

1.0 

2.0 

.5 

.5  I 

1.0 

1.0 

2.0 

.5 

1.0 
1.0 
.5 
.5 
1.0 
1.0 


T/r 

Weight 
of  water- 

dry  crop. 

free  crop. 

Orami. 

Oram*. 

70.8 

62.16 

83.7 

72.98 

118.4 

101.99 

111.6 

95.34 

78.6 

69.10 

03.3 

80.91 

125.7 

108.45 

101.7 

88.94 

141.0 

125.36 

76.1 

66.22 

75.0 

66.03 

117.8 

102.18 

112.7 

96.74 

132.1 

117.93 

20.8 

18.07 

21.7 

18.91 

24.3 

21.51 

26.0 

22.54 

58.2 

51.59 

60.1 

53.19 

95.3 

82.28 

96.4 

82.90 

16.6 

14.61 

18.4 

16.00 

17.2 

15.00 

16.2 

14.21 

Per  cent 
of  nitro- 
gen in 
air-dry 
crop. 


Total 
nitrogen 
of  orop. 


0.40 
.36 
.43 
.48 
.35 
.33 
.43 
.43 
.77  ' 
.36 
.34 
.44' 
.47 
.66  j 
.36  ! 
.34  I 
.41 


.33 
.36 
.40 
.32 
.34 
.35 


Qranu. 
0.283 
.301 
.509 
.536 
.275 
.308 
.641 
.437 
1.080 
.266 
.255 
.518 
.530 
.872 
.074 
.074 
.100 
.094 
.210 
.198 
.343 
.386 
.053 
.063 
.060 
.062 


Nitrogen 
increase. 


Percent 

of  the 

fer- 

tUiser- 

nitrogen 


Uted. 


Orami. 
0.224 
.242 
.450 
.477 
.216 
.249 
.482 
.878 
1.027 
.207 
.196 
.459 
.471 
.813 
.015 
.015 
.041 
.035 
.151  I 
.189  ' 
.284  I 

.827 : 


Average,  \ 
.  059     J- 


44.8 
48.4 
45.0 
47.7 
43.2 
49.8 
48.2 
87.8 
51.3 
41.4 
30.2 
45.9 
47.1 
40.6 
3.0 
3.0 
4.1  I 
3.5 
30.2 
27.8 
28.4 
32.7 


Average 

avaUabU. 

ity  of  ni- 

trogen. 


46.5 


44.8 


43.4 


3.4 


29.8 


I 


The  average  availability  of  the  nitrogen  shown  in  the  table  indicates  that  the 
nitrogen  of  the  blood,  tankage,  and  ground  hoof  in  this  experiment  had  praotioally 
the  same  availability,  varying  from  43.4  per  cent  in  the  case  of  horn  to  46.5  per  cent 
in  the  case  of  blood.  The  nitrogen  of  the  raw  leather  had  an  availability  of  bat  3.4 
per  cent,  while  the  Buspioious  fertilizer  confirms  our  saspioions  with  the  low  availa- 
bility of  29,8  per  cent. 

From  the  following  table,  which  shows  the  average  results  obtained  by  Dr.  Jenkins 
on  maize  and  oats  with  a  number  of  nitrogenous  materials,  it  will  be  seen  that  the 
new  results  agree  very  closely  with  the  averages  indicated. 


Nitrate  of  soda... 

Castor  pomace 

Cotton-seed  meal . . 

Linseed  meal 

Dried  blood 

Dried  flab 

Dissolved  leather . 

Ground  hoof 

Tankage 

Steamed  leather . . 
Boasted  leather . . . 
Raw  leather 


Per  cent  of 
available  N 
reckoned  on 

total  N. 
Average  of 
two  years. 

68.4 

50.6 

49.7 

47.1 

46.5 

45.0 

44.7 

42.5 

40.5 

6.5 

6.5 

1.5 


Same  for 

new  experi 

mont. 


46.5 


43.4 
44.8 


3.4 


Average 
per  cent  of 

three  ex- 
periments. 


68.4 

50.6 

49.7 

47.1 

46.5 

45.0 

44.7 

42.8 

42.0 

6.5 

6.5 

2.0 


Per  cent  of 
available  N 
reckoned 
on  availa- 
ble N  of 
NaNO,. 


100 

74 

72 

69 

68 

66 

64 

63 

61 

9 

9 

8 
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In  order  to  find  out  what  relation  the  arailahility  secured  by  chemical  methods 
had  to  that  secnred  by  these  vegetation  tests,  samples  of  the  five  mixtures  prepared 
for  this  work  were  sent  to  five  chemists,  who  had  had  some  experience  with  the 
methods  proposed. 

Two  methods  were  proposed  for  trial — ^the  pepsin-hydrochloric  acid  method  and  the 
Hayes  potassium  permanganate  method. 

Pepsin-Hydrochloric  Acid  Mbthod. 

The  method  of  pepsin  digestion  recommended  was  substantially  the  same  as 
described  in  the  Connecticut  Station  Report  for  1893,  page  219,  and  is  as  follows : 

Brinff  1  nam  of  substance  into  a  150  co  fiask,  and  add  100  oc  of  pepsin-hydrochlo- 
ric acid  solution.  Place  the  flask,  loosely  corked,  in  a  water-bath  naving  a  constant 
temperature  of  40^  G.  Digest  at  this  temperature  for  twenty-four  hours,  adding  2 
cc  of  a  10  per  cent  hydrochloric  acid  solution  at  the  end  of  the  second,  fifth,  eighth, 
and  eleventh  hours.  Shake  the  solution  well  on  each  addition  of  acid.  At  the  end 
of  the  digestion  transfer  the  contents  of  the  flask  to  a  filter,  wash  with  150  to  200  cc 
of  cold  water  and  determine  nitrogen  by  the  Kjeldahl  method  in  the  residue. 

Peptin-hydrochlaric  acid  solution. — Mix  5  grams  of  pulverized  pepsin  (guaranteed  to 
dissolve  2,000  times  its  weight  of  coagulated  white  of  egg)  in  1,000  cc  of  hydrochloric 
acid  diluted  to  a  strength  of  two-tenths  per  cent. 

These  analysts  have  reported  results  by  this  method  as  follows : 


4. 

5. 

6. 

7. 

J       *• 

Analysts. 

Ji 

88.4 
94.8 
94  9. 

■•a 

2.87 
2.98 
8.04 

H 

2.12 
2.34 
2.35 

11 

78.9 
78.5 
77.3 

|1 

2.58 
2.68 
2.58 

Per    cent 
soluble. 

Per    cent 
available. 

h 
i' 

2.46 
2.67 
^  57 

0.84 
.46 

.48 

ll  l5 

13.8'  2.01 
17. 5  2. 15 
18.7  2.08 

H 
|i 

1.06 
1.05 

ll 

R.  J.  Davidson 

E.  H.Jenkins 

J.P.StT«et 

2.94 
2.88 
2.92 

2.73 
2.76 

n.»7 

1.M 
1  46 

*41.5 
66.3 
56  A 

50.  S 
S8.1 
51.7 

1          '•          \ 

Arerage 

2.91 

2.09  92.5|  2.96 

1          1 

2.271  76.6 

2.61   1.49  56.5  2.53 

.42'  16.7   2.06 

1.12   53.4 

♦  Omitted  from  average. 

When  it  is  remembered  that  such  small  quantities  of  the  materials  are  used,  and 
that  a  difference  of  a  few  hundredths  will  make  a  difference  of  several  per  cent  in 
the  per  cent  of  availability,  the  above  results  are  extremely  satisfactory,  and  show 
that  the  method  is  capable  of  giving  concordant  results  in  the  hands  of  different 
analysts.  The  value  of  this  method,  however,  must  be  determined  largely  by  the 
correspondence  of  its  results  with  those  secnred  by  the  vegetation  tests.  Keducing 
the  data  to  a  comparable  basis  we  have  the  following : 

Percentage  of  nitrogen. 


Sample. 


By  vegeta- 1  By  pepsin 
tion  test,     digestion. 


No.  4,  blood 

Xo.  5.  tankage . . . . 

No.  6,  hoof 

No.  7,  raw  leather 
No.8.f6TtiUxer... 


46.5 

44.8 

43.4 

8.4 

».s 

46.5 
88.5 
28.4 
8.4 
27.8 


The  agreement  between  the  two  methods  is  quite  satisfactory,  except  in  the  case 
of  hoof  meal.  These  tests  confirm  what  Dr.  Jenkins  has  already  shown,  namely, 
that  the  amount  of  nitrogen  dissolved  by  pepsin  is  no  measure  of  the  availability  of 
the  nitrogen  of  hoof  meal. 
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Haybs  Pbbmavganatb  of  Potash  Mistbod. 

This  method  was  suggested  in  a  paper  read  at  the  last  meeting  of  this  association, 
and  consists  of  treating  1  gram  of  material  in  a  flask  with  100  cc  of  potassium 
permanganate  solution  containing  16  grams  KMnO^  and  200  grams  KOH  per  liter. 
Digest  at  a  low  temperature  for  one  hour,  then  increase  the  temperature  and  distill 
for  one  hour,  and  titrate  as  usual. 

The  reporter  was  not  able,  from  lack  of  time,  to  give  the  method  an  extended  test 
before  sending  out  samples,  and  since  then  has  been  able  to  do  little  additional 
work  for  the  same  reason.  However,  the  few  results  obtained  by  Mr.  Davidson  and 
myself  seem  to  indicate  that  there  are  i>08sibilities  in  the  method  and  that  it  is 
worthy  of  future  study. 

The  following  tabulation  shows  how  the  results  secured  agree  with  those  by  the 
vegetation  tests : 

Percentage  of  nitrogen. 


Sample. 


Street,     j   aveimge.     u^^id^on. 


No.  4 
No.  6 
No.  6 
No.  7 
No.  6 


46.5 

4«.5 

46.5 

SO.  4 

42.2 

46.3 

68.2 

51.4 

54.8 

23.7 

24.7 

24.2 

35.8 

32.3 

34.0 

46.5 
47.6 
41.8 
13.6 
33.6 


Vegetation 
teata. 


46.5 
44.8 
43.4 
8.4 
20.8 


The  average  results  compared  with  the  vegetation  tests  agree  fairly,  showing  the 
method  to  give  rather  high  results  on  hoof  meal  and  raw  leather,  but  approach- 
ing the  truth  nearer  than  the  pepsin  method.  Mr.  Davidson  also  made  some  tests 
where  an  acid  solution  of  permanganate  was  used.  His  results  are  included  in  the 
above  table  and  show  quite  a  remarkable  agreement  with  the  vegetation  testa. 
The  method  promises  well  and  is  worthy  of  further  study  in  connection  with  other 
nitrogenous  materials. 

REGOMMSNDATIOKS 

L  That  the  Ulach-Street  method  for  the  determination  of  nitric  nitrogen  in  mixed 
fertilizers  be  made  an  official  method. 

2.  That  the  Fassbender  method  for  the  determination  of  total  nitrogen  be  made 
an  official  method. 

3.  That  the  nitrogen  reporter  for  1897  be  requested  to  investigate  further  the  per- 
manganate of  potash  method  for  determining  the  availability  of  organic  nitrogen ; 
also,  the  Ulsch  method  for  determining  nitrates  in  nitrate  salts. 

4.  That  it  is  the  sense  of  this  association  that  in  reporting  fertilizer  analyses  its 
members  should  indicate  whether  the  nitrogen  present  exists  as  nitrates,  ammonia, 
or  as  organic  matter. 

5.  That  a  method  for  the  qualitative  determination  of  nitric  nitrogen  in  fertilizers 
be  included  under  the  nitrogen  methods. 

AMENDED  AND  ADOPTED   REPORT  OF  THE  COMMITTEE   ON  RECOM- 
MENDATIONS  IN  RELATION  TO  NITROGEN. 

It  is  recommended — 

(1)  That  the  Ulsch-Street  method  be  referred  to  the  reporters  for  the  next  year,  to 
be  further  tested  with  special  reference  to  nitrates. 

(2)  That  the  method  heretofore  referred  to  as  the  Fassbender  method  be  referred 
to  the  reporters  for  the  next  year  for  further  trial,  with  request  that  they  look  up 
the  question  of  whether  the  method  should  legitimately  be  called  the  Fassbender 
method  or  should  be  otherwise  designated. 
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(8)  Tint  the  Hayes  penmuiganate  method  of  detenniiiiiig  the  availability  of 
orgaoie  nitrogen  be  referred  to  next  year's  reporters  for  farther  trial. 

(4;  That  the  following  resolation  be  adopted:  Resolved,  That  it  is  the  sense  of 
this  association  that  the  forms  of  the  nitrogen  in  commercial  fertilizers  shonld  be 
reported  where  it  is  possible  to  do  so. 

(5)  That  the  qualitative  method  for  the  deteetion  of  nitrates  by  use  of  ferroas 
sulphate  be  adopted. 

(6)  That  the  comparison  of  the  Tiemann-Scholze  and  Ulseh- Street  methods  for 
nitrates  be  referred  to  the  reporters  on  nitrogen  for  1897. 

(7)  That  on  page  21  ander  {h),  third  line  from  the  top  of  the  paragraph,  be  sub- 
stituted for  the  words  '^a  large  excess  of  magnesia''  the  following:  "5  grams  or 
more  of  magneeiom  oxid  ftee  ft'om  CO2. 

H.  J.  Whbblbr, 
Far  Committee  on  Meportere*  Recommendaiions, 

The  Prbsibbnt.  It  is  customary  to  appoiut  a  oommittee  to  wait  njHyn 
the  Secretary  and  Assistant  Secretary  of  Agriculture  and  invite  them 
to  attend  our  meetings.  In  accordance  with  the  custom  I  will  apx>oint 
Messrs.  Frear  and  Lindsey  on  that  committee. 

Are  there  any  papers  on  the  subject  of  the  determination  of  nitrogen  f 

Mr.  SwESTSSB  presented  the  following: 

00HFAEI80N    OF    NITBOaEir    DETEBMIKATIOir    BT    THE    EJEIDAHL 
METHOD,  DISTILLING  WITH  AND  WITHOXTT  FOTASSHTH  SITLPHm 

By  W.   S.   SWBETSSR. 

The  average  of  68  determinations  of  nitrogen  in  a  misoellaneous  lot  of  fertilizers 
by  the  official  l^eldahl  method  was  1.59  per  centy  and  by  distilling  without  potas- 
siom  solphid,  1.61  per  cent.  With  the  official  method  aa  the  basis,  the  omission  of 
the  potassium  solphid  solution  gave  higher  results  in  29,  lower  in  10,  and  the  same 
in  14  cases  out  of  the  53.    In  36  cases  the  variation  was  less  than  0.05  of  1  per  cent. 

The  distillations  were  made  in  copper  flasks  without  the  addition  of  zinc.  The 
samplea  consisted  of  mixed  fSsrtitizers  and  a  few  ground  bones.  Some  contained 
mtrsfees  in  abundance,  aad  these  were  done  by  the  Scorell  method. 

The  results  in  all  cases  seem  to  indicate  that  the  addition  of  potassium  sulphid  is 
imnecessary,  especially  when  copper  distilling  flasks  are  used. 

Therebeing  no  additional  papers  on  the  subject  of  nitrogen  determina- 
tion, the  President  asked  for  the  reading  of  the  recommendations  of  the 
leportear.    They  were  read  as  given  above. 

Mr.  Stbsst.  I  desire  to  call  special  attention  to  the  recommendation 
eflneeming  the  varioua  forms  of  nitrogen,  and  to  the  importance  of  the 
analyst  determining  in  what  particular  form  the  nitrogen  exists. 

The  Pbbsidxnt.  It  is  now  in  order  to  discuss  the  report  and  rec- 
ommendations. The  latter  will  be  referred  to  the  committee  on  recom- 
niMidatioBS^  accoording  to  the  regnl&r  order. 

Mr.  Huston.  The  reporter  comments  on  the  fact  that  the  Ulsch- 
Street  method  gives  poorer  results  in  sample  Bo.  ly  and  better  in  Nos. 
2  and  3.  This,  however,  is  only  apparently  so,  for  when  judged  by  the 
percentage  of  error  the  results  in  liTo.  1  are  better  than  Nos.  2  and  3. 
The  percmtage  of  the  error  and  the  actual  magnitude  of  the  error 
should  &lways  be  considered. 
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Mr.  WiNTON.  I  like  the  Ulsch-Street  method  for  mixed  fertilizers.  I 
would  also  be  glad  to  see  the  Schulze-Tiemaun  process  tried,  and  woald 
like  the  reporter  next  year  to  consider  that  method.  It  has  been  used 
very  extensively,  both  here  and  in  Europe,  and  it  does  not  seem  to  me 
we  should  let  so  good  a  method  fall  into  disuse. 

Mr.  Wheeler.  I  have  used  the  Schulze-Tiemann  method,  and  have 
an  impression  that  it  was  once  adopted  as  a  provisional  method  for  this 
association,  but  am  not  certain.  Perhaps  someone  can  give  me  some 
definite  information  on  the  subject. 

The  President.  It  seems  to  me  that  the  Schulze-Tiemann  method 
should  be  given  a  trial  by  the  reporter  next  year. 

Mr.  KiLGOBE.  The  Schulze-Tiemann  method  was  adopted  as  a  pro- 
visional  method  two  years  ago,  and,  having  been  so  adopted,  it  may 
come  properly  before  the  association  for  adoption  as  a  regular  method. 

Mr.  WiNTON.  I  would  like  an  expression  of  opinion  in  regard  to  the 
Schulze-Tiemann  method.    How  many  present  have  used  this  method f 

Several  members  responded  affirmatively. 

Mr.  Street.  I  would  gladly  include  the  Schulze-Tiemann  method 
among  my  recommendations  as  one  which  should  be  further  tried  and 
possibly  adopted  by  the  association. 

The  President.  By  common  consent  the  Schulze-Tiemann  method 
will  be  considered  by  the  committee  on  recommendations  of  reporters. 

Mr.  Huston.  I  would  like  to  know  if  it  be  necessary,  as  directed  in 
the  methods  of  analysis,  to  use  a  flat-bottomed  flask  in  nitrogen  deter- 
minations by  the  TJlsch-Street  method. 

Mr.  Street.  It  is  not  necessary;  it  is  only  a  matter  of  convenience. 

Mr.  Huston.  Sometimes  mere  details  of  description  which  are  not 
important  become  official,  and  the  analyst  feels  compelled  to  follow 
even  the  minutisB  of  the  description,  when  any  little  variation  therefrom 
would  be  of  no  importance,  and  often  prove  a  great  convenience. 

Mr.  KiLGORE.  I  suggest  that  Mr.  Winton  furnish  the  committee  on 
recommendations  of  reporters  a  description  of  the  Schulze-Tiemann 
method. 

Mr.  Gaines.  I  have  had  considerable  trouble  with  the  breaking  of 
flasks  during  distillation.  About  one-half  the  flasks,  in  my  experience, 
break  in  distilling.  I  should  like  to  know  how  this  breakage  can  be 
avoided.    It  is  a  difficulty  I  am  puzzled  to  account  for. 

Mr.  Goss.  In  the  determination  of  the  nitrogen  in  soils  the  size  of 
the  flask  should  be  taken  into  consideration.  If  the  flask  is  large 
enough  there  will  be  very  little  trouble  with  bumping,  and  the  bump- 
ing in  the  flask  is  usually  the  cause  of  the  breakage. 

Mr.  Street.  It  is  also  important  to  get  the  right  kind  of  flasks. 
If  you  do  this  you  will  have  very  little  trouble  by  breaking.  In  mak- 
ing 400  analyses  I  have  only  broken  six  flasks. 

Mr.  Gaines.  May  I  ask  Mr.  Street  if  he  transfers  the  material  from 
the  digesting  flask  to  a  separate  flask  for  distillation  f 
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Mr.  Street.  We  never  transfer  from  one  flask  to  another.  We 
make  the  distillation  in  the  same  flask  in  which  the  digestion  in  sol- 
phoric  acid  is  accomplished. 

Mr.  Yan  Slyke.  T  use  the  Jena  glassware.  While  it  is  more  expen- 
sive at  first,  I  find  it  cheaper  in  the  end,  and  it  gives  most  excellent 
satisfaction,  and  the  amount  of  breakage  is  reduced  to  the  minimum. 

The  President.  When  a  little  zinc  dust  is  used  during  the  distilla- 
tion I  have  found  very  little  trouble  from  the  breaking  of  flasks. 

Mr.  WHEEL.EB.  Often  the  addition  of  a  little  more  caustic  soda  will 
avoid  bumping  and  consequent  breaking  of  the  flask. 

The  Pbesident.  If  there  is  no  further  discussion  of  the  report  on 
nitrogen  the  recommendations  therein  made  will  be  referred  to  the 
committee  on  recommendations  of  reporters  for  their  consideration.  I 
will  now  call  for  the  report  on  potash. 

Mr.  WiNTON.  Mr.  President,  I  beg  leave  to  submit  the  following 
report: 

SEPOBT  ON  POTASH. 

By  A.  L.  WiNTOX,  Reporter. 

The  reporter  on  potash  for  the  years  1894  and  1895,  Mr.  H.  J.  Wheeler,  realized 
the  importance  of  learning  more  with  regard  to  our  old  methods  before  taking  up  the 
Tarious  new  methods  which  had  not  yet  been  tried  by  the  association,  and  accord- 
ingly confined  the  work  carried  on  during  the  two  years  to  a  thorongh  investigation 
of  the  Lindo-Gladding  and  ''optional''  methods  as  applied  to  mixed  fertilizers. 
Since  in  this  country  the  larger  part  of  the  potash  which  is  sold  to  the  farmer  is 
contained  in  mixed  fertilizers,  it  was  desirable  that  our  methods  for  the  analysis  of 
these  goods  be  first  tested. 

This  work  accomplished  it  was  thought  proper  during  the  present  year  to  carry 
on  a  similar  investigation  with  German  potash  salts. 

Incidentally  a  study  was  made  of  factors  for  the  conversion  of  potassium  platini- 
chlorid  into  potassium  sulphate,  chlorid,  and  oxid. 

INVKSTIGATION  OK  MBTHODS  FOR  DETERMINATION  OF  POTASH  IN  GERMAN  POTASH 

Salts. 

Although,  as  has  been  stated,  the  potash  applied  to  our  soils  is  largely  contained 
in  mixed  fertilizers,  still  it  is  practically  all  brought  into  the  country  in  the  form  of 
four  German  x>otash  salts.  It  is  then  on  the  salts  themselves  that  the  analyses  of 
European  and  American  chemists  are  most  frequently  compared,  and  any  discrepan- 
cies in  the  results  are  too  often  attributed  to  inaccuracies  in  our  methods. 

Before  going  into  the  details  of  the  work  carried  on  during  the  year,  it  may  be 
well  to  consider  the  principles  which  underlie  the  ''optional,''  Stassfnrt,  and  Ijindo- 
Gladding  methods. 

Onr  so-called  '* optional  method"  is  really  but  a  modification  of  a  method  which 
in  one  form  and  another  has  for  many  years  been  employed  in  general  analytical 
chemistry.  The  salient  feature  is  the  separation  of  sulphuric  acid  and  all  bases  but 
potash  and  soda  previous  to  evaporation  with  platinum  solution.  This  necessitates 
several  precipitations,  the  evaporation  of  a  considerable  bulk  of  liquid  and  ignition 
for  removal  of  ammonium  salts,  thus  making  the  process  a  very  tedious  one.  Since 
barium  sulphate  is  apt  to  carry  down  with  it  a  considerable  amount  of  potash,  the 
resalts  are  usuaUy  low. 

The  "shorter  method''  devised  by  Fresenins'  and  in  a  slightly  modified  form' 
employed  under  the  name  of  the  "Stassfurt  method"  in  the  laboratories  of  the 


1  Quant.  Analyse,  6  Aofl.  U,  292.  (Ztschr.  Angew.  Chem.,  1896. 
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Stassfurt  syndicate  and  the  German  experiment  statio&B,  is  really  a  simplification  of 
the  foiBgoing  method.  It  depends  on  the  fact  that  if  salphnrio  acid  be  removed  from 
the  Bolation  of  a  potash  salt;  the  liqaid  may  be  evaporated  directly  with  platinam 
solution,  chloride  of  magnesium,  calcium  and  sodium  forming  alcohol-soluble  salts 
with  chloroplatinic  acid.  It  is  claimed  that  if  the  precipitation  of  barium  sulphate 
be  carried  on  in  an  acid  solution  and  with  certain  precautions,  loss  of  potash  is 
avoided. 

The  Lindo-Gladding  method  has  been  developed  by  the  successive  labors  of 
Finkener/  Lindo,^  Gladding,^  and  members  of  this  association.  The  solution  ia 
which  potash  is  to  be  determined  is  evaporated  with  platinum  solution  without 
previous  separation  of  bases  or  sulphuric  acid,  the  sulphates  which  contaminate 
the  potassium  platinichlorid  being  subsequently  removed  by  ammonium  chlorid 
solution.    The  method  is  rapid  and,  as  will  be  seen  later,  remarkably  accurate. 

During  the  year  only  the  two  methods  recognized  by  the  association  have  been 
studied  by  American  chemists,  but  in  three  of  the  laboratories  connected  with  the 
Stassfurt  industry,  comparative  analyses  were  made  by  the  Lindo-Gladding  and 
Stassfnrt  methods. 

PLAN  OF  INVESTIGATION. 

Instead  of  working  with  the  German  salts  themselves,  the  potash  content  of  which 
could  only  be  learned  by  recourse  to  the  very  methods  which  it  sought  to  test,  or 
with  artificial  German  salts  containing  a  known  proportion  of  potash  from  pure 
salts,  which,  however,  are  liable  to  lack  uniformity  and  change  in  composition 
through  loss  of  moisture,  the  plan  followed  by  Mr.  Wheeler  was  adopted  which  obvi- 
ates all  these  disadvantages. 

In  each  determination  a  carefully  weighed  portion  of  chemically  pure  potash  salt 
was  employed  and  to  this  was  added  a  solution  of  the  other  water-soluble  ingredi- 
ents in  the  proportion  contained  in  the  material,  the  analysis  of  which  it  was 
desired  to  imitate.  Such  a  solution  contains  the  same  ingredients  as  a  solution  of 
the  commercial  potash  salt,  but  the  exact  quantity  of  potash  present  is  definitely 
known  without  analysis. 

PREPARATION  OF  MATERIALS. 

The  statements  of  the  average  composition  of  the  Stassfurt  salts,  given  in  a 
pamphlet  issued  by  the  German  Kali  Works,  served  as  a  basis  for  the  preparation  of 
the  solutions  of  analysis  representing  these  salts.     (See  Table  I.) 

Table  I. — Aver(ige  oompoHtion  of  German  poiaah  salts. 

[Taken  firom  ** Potash;  origin,  tnde  and  ita  use  in  agricaltnre,"  Colomhian  BTjMMftion,  Chicago, 

German  Kali  works.] 


K,S04. 

KCl. 

MgS04. 

MgCU. 

NaCl. 

CaSO*. 

Sah- 
stances 
insoluble 
in  water. 

Water. 

KiO. 

Kainit 

Peret. 
21.3 

00.6 

50.4 

Peret. 
2.0 

1.6 
88.5 

Peret. 
14.5 

2.7 

34.0 

0.4 

Peret. 
12.4 

1.0 

Peret. 
84.6 

1.2 

2.5 

14.5 

Peret. 
1.7 

0.4 

0.0 

Peret, 
0.8 

0.3 

0.6 

0.2 

PereL 
12.7 

2.2 

1L6 

LI 

Peret. 
12. 8 

Sulphate  of  pot- 
ash, 90  per  oent. 

Snlphate  of  pot- 
ash—magnesia . 

Muriate  of  pot> 
aah,  80  to  85  per 
cent...... 

49.9 
27.  a 

0.3 

62.7 

Both  potassium  chlorid  and  sulphate  were  used  in  the  work.    The  former  was 
from  the  same  lot  m  that  employed  in  last  year's  work,  and  contained  0.45  per  oent 


'  Pogg.  Ann.  29. 627.  >  Chem.  Newn,  44,  pp.  77,  M,  97  and  129. 

'  n.  S.  Department  of  Agricnltare,  Balletin  No.  7,  p.  38. 
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ef  vater,  whioh  being  inohided  in  the  orystals  conld  only  be  determined  by  heating 
nearly  to  rednees  in  a  irell-ooTered  erucible.  Inclnded  water  was  also  contained 
in  the  potaseimn  Bnlphate  when  received  from  the  dealer,  bnt  in  this  case  the  whole 
qnuitity  was  ignited  by  the  reporter  until  entirely  anhydrous.  There  was  every 
evidence  that  both  salts  were  absolutely  pure. 

The  other  salts  used  were  chemically  pure  with  one  exception.  The  reporter 
found  that  "magnesium  ohlorid  chemically  pure/' from  no  less  than  four  manufac- 
turers, contained  so  considerable  a  quantity  of  potash  as  to  be  valueless  for  the  work. 
Alter  some  search  a  cheaper  grade  of  the  salt  was  obtained,  which,  although  not 
claimed  to  be  pure,  was  almost  entirely  free  from  potash,  and  therefore  better  suited 
for  the  purpose  than  the  so-called  chemically  pare  salts.  It  contained  the  normal 
quantity  ef  water  of  crystallization — 6  molecules. 

The  magnesium  sulphate  was  recrystallized  Epsom  salts  with  7  molecules  of  water. 
Thersodhim  chlorid  and  calcium  sulphate  were  not  only  pure  but  anhydrous. 

Four  mixtures  of  impurities  representing  the  water-soluble  ingredients,  other 
than  potash,  of  the  four  manure  salts  were  prepared  by  mixing  the  salts  just  named 
in  the  propoirtlons  given  in  Table  1,  allowing  for  water  of  crystallization  when 
present.  These  mixtures  were  then  weighed  into  portions,  representing  in  each  case 
the  impurities  in  10  grams  of  the  manure  salt,  and  bottled. 

A  bottle  of  each  of  these,  together  with  portions  of  the  pure  potash  salts,  were 
sent  out  to  each  chemist  with  the  following  instructions : 

UrSTRUCTIONS  FOR  THB  WORK. 

Determinations  of  potash  should  first  be  made  on  the  {jure  potash  salts,  using  tested 
reagents,  and  the  results  compared  with  the  theoretical  composition.  The  total 
qaantjty  of  each  of  the  mixtures  of  impurities  should  be  boiled  with  200  to  300  cc  of 
water,  made  up  to  500  cc  and  filtered  through  a  dry  paper.  Solutions  for  analysis, 
representiug  0.5  gram  of  the  several  Stassfurt  products  are  prepared  as  follows : 

Kainit:  Dissolve  about  0.14  gram  KsSO^  iu  25  cc  kainit  impurities. 

Sulphate  potash,  90  per  cent:  Dissolve  about  0.46  gram  K3SO4  in  25  cc  sulphate 
j>otash. 

Sulphate  potash  and  magnesia:  Dissolve  about  0.26  gram  K2SO4  in  25  cc  sulphate 
potasn  and  magnesia. 

-  Muriate  potash,  80  per  cent:  Dissolve  about  0.42  gram  KCi  in  25  cc  muriate  of 
potash. 

The  pure  potash  salts  should  be  weighed  with  the  greatest  accuracy  from  weighing 
tobee,  taking  care  to  have  the  quantities  within  a  few  centigrams  of  those  given 
-above — better  more  than  less.  Solutions  thus  prepared  shoald  ee  used  in  testing  the 
altematemethod  and  also  in  testing  the  Lindo-Gladding  method,  as  applied  to  all 
the  salts  except  kainit.  In  the  analysis  of  this  latter  salt  by  the  official  Lindo- 
Gladding  method  lime  is  first  separated,  although  in  the  original  method  as  described 
by  Gladding  and  followed  fbr  several  years  by  the  association,  the  evaporation  with 
platinum  solution  was  made  directly.  De  Roode  (J.  Am.  Chem.  Soc.  17,  85)  finds 
separation  of  lime  unnecessary. 

Vou  are  requested  first  to  follow  the  same  method  for  kainit  as  for  sulphate  of  pot- 
ash and  magnesia,  on  solutions  prepared  as  described,  then,  if  desirable,  make  deter- 
minations with  separation  of  lime  as  follows :  Place  a  carefully  weighed  portion  of 
about  0.28  gram  K2SO4  and  50  cc  kainit  impurities  in  a  100  cc  flask,  add  ammonia 
and  ammonium  oxalate,  make  up  to  100  cc,  filter  through  a  dry  paper,  and  proceed 
with  50  cc  according  to  the  official  method  for  kainit. 

If  you  undertake  a  study  of  the  Stassfurt  methods  (Ztschr.  Angew.  Chem.,  1895, 
Heft  17),  it  is  recommended,  in  order  to  avoid  waste  of  material,  that  tbe  pure  salt 
and  solution  of  impurities  be  taken  in  each  case  in  such  quantities  as  to  correspond 
to  one-fifth  (or  for  Kainit,  method  C.  2,  to  one-twentieth)  the  quantity  of  the  Stass- 
furt product  which  in  loc.  cit.  it  is  directed  should  be  weighed  out,  using  correspond- 
ingly smaller  quantities  of  reagents  and  making  up  to  a  correspondingly  smaller 
volume.  In  this  way  the  aliquot  portion  after  separation  of  BaS04  may  oe  made  to 
represent  the  same  quantity  of  material  as  it  would  if  the  directions  were  strictly 
followed. 

Blank  determinations  should  be  made  by  the  methods  investigated  on  the  solution 
of  impurities,  using  the  same  (quantities  of  reagents  as  in  the  actual  analysis. 

In  reporting  resiuts  please  give  (1)  weight  of  pure  salt  employed,  (2)  total  weight 
KsPtCls  found,  and  (3)  weight  of  K^PtCle  from  reagents  and  **  impurities." 

Twenty-six  sets  of  materials  were  sent  to  American  chemists  who  expressed  an 
interest  in  the  work.    Of  these  seven  found  opportunity  for  conducting  the  analyses. 
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At  the  snggestion  of  Dr.  von  Herff,  ten  sets  were  sent  to  the  New  York  office  of 
the  Kali  Syndicate  from  whence  six  were  forwarded  to  German  experiment  stations 
and  four  to  laboratories  connected  with  the  StassAirt  industry. 

No  commanication  has  been  received  from  the  German  stations,  bat  Dr.  Tietjens 
reports  results  obtained  in  the  laboratory  of  the  syndicate  and  at  two  of  the  salt 
mines. 

RESULTS  SECURED  BY  AMERICAN  CHEMISTS. 

The  following  chemists  took  part  in  the  study  of  the  Lindo-Gladding  and  ''optional'^ 
methods : 

Mr.  B.  B.  Ross,  State  chemist,  Anbum,  Ala. 

Mr.  F.  B.  Bomberger,  laboratory  of  State  chemist,  Maryland  Agricultural  College, 

College  Park,  Md. 
Mr.  W.  G.  Brown,  United  States  Department  of  Aglieultore,  Washington,  D.  C. 
Mr.  C.  G.  Hopkins,  Illinois  Experiment  Station,  urbana,  IlL 
Mr.  G.  W.  Cavanaugh,  Cornell  Experiment  Station,  Ithaca,  N.  T. 
Mr.  C.  H.  Jones,  Vermont  Experiment  Station,  Burlington.  Vt. 
Mr.  F.  S.  Shiver,  Clemson  Experiment  Station,  Clemson  College,  S.  C. 

In  Table  II  are  given  the  weights  of  the  pure  salts  taken,  of  the  total  KsPtCl«  found 
and  of  the  KsPtCU  from  "impurities  "and  reagents.  These  figures  furnish  the  data 
for  the  calculation  given  in  the  subsequent  tables.  It  should  be  noted  that  although 
the  impurities  were  almost  entirely  free  from  potash,  several  of  the  analysts  obtained 
KsPtCl*  in  blank  determinations  on  the  reagents  and  impurities,  which  was  probably 
due  to  potash  in  the  reagents.  This  was  particularly  marked  when  the  optional 
method  was  followed.  This  same  experience  was  encountered  in  last  year's 
work,  and  illustrates  the  importance  of  testing  reagents  by  blank  determinations, 
since  "chemically  pure''  salts  when  carefully  examined  are  often  found  to  contain 
impurities. 

Table  II.— ^naZyiical  data  from  American  ehemitU, 


Lindo^laddlng  method. 

Pnresalt 
taken. 

K,PtCl. 
total 
found. 

K:,ptci« 

reaeente 
ana  im- 
purities. 

Pure  salt 
Uken. 

found. 

K:.ptci. 

reasentfl 
anabn- 
pnriUes. 

Potawiam  chlorid  o.  p. ; 

F.  B.  Bomberger 

Oram. 
0.2500 
.2600 
.2500 
.4566 
.9824 
.4653 
.3059 

Gram, 
0.8141 
.8158 
.8168 
1.4882 
2.2169 
1.5100 
1.2941 

Oram, 
0.0035 

Gram. 

Oram. 

QrafH. 

W.  G.  Brown 

.0003 

10.8998 
*  .4836 
«  .4343 
.4509 
.4508 
.4821 
.3947 
.5000 
.5000 

•1.8027 
1.6676 
1.4074 
1.4782 
1.4487 
1.5720 
1.2906 
1.6240 
1.6214 

0  OOOS 

6.  W.  CftTanaagh 

1 

C.  H.  Jones 

.5000 
.5000 
.5000 

1.6265 
1.6295 
1.6295 

.0025 

.0070 

F.  S.  Shiver 

»  .1671 
«  .6096 
*  .5400 

.5433 
1.0793 
1. 7512 

.0000 

.0000 

A.  L.  Winton 

Muriate  of  potash  (KCl  c.  p.  4-  impuri- 
tiefl): 
B.B.Ro8» 

»  .2100 
»  .2100 

.6980            nMA 

.6916 



1  Anhydrous  salt. 


'Direct  evaporation  with  platinum  solution. 
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Table  II.— Jitalytioal  data  from  Ammiean  cAemi«/9— Continued. 


MnrUte  of  potash  (KCl  c  p.  +  impuri- 
ties)— Continned. 
F.B.Bomberger 


W.  G.  Brown. 


G.W.Cavanftiigb. 
C.G.  Hopkins 


C.  H.Jones. 


F.&ShiTer... 
A.  L.  Winton  . 


PoteBsium  snlpbftte  o.  p.  t 
F.&Bomberger 


W.G.Brown 

O.  W.  CaTanAngh . 
aH.Jonee 


T.&SUTer... 
A.  L.  Winton . 


Snlpliate  of  potMb.  M  per  cent  (K18O4 
cp.  +  impurities) : 
F.  B.  Bomberger  .•••••>••>•■••••>•., 


W.G.  Brown - 


G.W.CaTansngh. 
C.  G.Hopkins 


C. H.Jones  ... 
A.  L.  Winton . 


Sulphate  of  potash  snd  magnesia  (K^SO^ 
+  impurities) : 
F.B.Bomberger 


Lindo-Gladding  method. 


Pure  salt 
taken. 


.4516 
.4706 
.4050 
.5036 
.4439 
.4555 
.4318 
.4215 
.4220 
.4261 
.4290 
.3948 

.2500 
.2500 
.2500 
.5649 
.0011 
.4836 
.4842 
.5000 
.6000 


K,PtCl« 
totol 
found. 


.8980 
.4092 
.4624 
.5130 
.4617 
.4746 
.4674 
.4663 
.4640 
.4646 
.4042 
.4121 
.4110 


.2670 
.2785 


Gram. 
1. 4712 
1.5315 
1.3226 
1.6370 
1.4535 
1.4802 
1.4020 
1.8754 
1.3765 
1.3822 
1.8915 
1.2780 

.7011 
.7002 
.6995 
1.5795 
1.6794 
1.3566 
1.8565 
1.3987 
1.3990 


1.1002 
L1389 
1.2917 
1.4837 
1.2682 
1.3819 
1.3065 
1.2730 
1.2980 
1.2960 
1.1248 
L1488 
1. 1448 


.7494 
.7808 


K:,ptci« 

reagents 
and  im- 
parities. 


Oram. 
.0065 


.0001 


.0005 
.0005 
.0045 


.0001 
.0003 


.0035 


.0003 


.0025 


.0049 


.0003 


.0008 
.0008 


.0005 


.0055 


1  See  Mr.  Hopkins's  notes. 


1310  .3782 

1310  .3797 

1310  I        .3780 
'Direct  evaporation  with  platinnm  solution. 


Optional  method. 


Pure  salt 
taken. 


K,PtCU 
total 
found. 


K,PtCl« 
reaffento 
ana  im- 
purities. 


Oram. 
.1563 
.1563 
.4310 
.4814 
.4228 
1  .4206 
1  .4206 
.4200 
.4200 
.4214 


Oram. 
.5197 
.5182 
1.3937 
1.5508 
1.3806 
1.3600 
1.3602 
1.3740 
1.3718 
1.8815 


.  1310  .  3804 

.  1310  .  3803 


.5121 
.4822 


.5000 
.5000 
.1648 
.4725 
.4942 
.4185 
.4679 


.1310 
.1310 


.6171 
.4871 
.4506 
.4604 
.4603 
.4600 
.4600 


1.4080 
1.8227 


1.8916 
1.8940 
.4689 
1.3228 
1.3786 
1.1700 
1.8064 


.8814 
.3818 


1.6898 
1.2124 
1.2468 
1.2744 
1.2700 
1.2810 
1.2835 


Oram. 
.0168 
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Tablk  II. — AnalffUoal  data  from  American  ChemUU — ^Oentinned. 


Salphate    of    potash    and    magnesia 
(K«S04  +  imparities)— Continued. 
W.G.Brown 


Lindo*61adding  method. 


Pur^salt 
taken, 


Oram. 


.3301 


G.  W.  Cavanaagh. 
C.  G.  Hopkins 


C.  H.  Jones  . 


F.S.  Shiver... 
A.  L.  Winton  . 


Eainit  (K,S04  o.  p.  +  imparities) : 
B.B.SOSS 


F.  B.  Bomberger . 


W.G.Brown., 


G.  W.  Caranangh. 
C.G.Hopkins 


C.H.  Jones. 


F.S.  Shiver... 
A.  L.  Winton  . 


.2617 
.25S3 
.2645 
.2640 
.2650 
.3040 
.2686 
.2566 

".1400 

*.1400 

.1390 

.1310 

.1310 

«.2009 

«.1555 

.1460 

.1871 

.1464 

.1518 

.1671 

*.1460 

*.U60 

.1445 

.1445 

.1433 

■.1387 

».1727 


XtPtCl, 
total 
found. 


Oram. 
.7508 
.9262 


.7302 
.7124 
.7434 
.7400 
.7358 
.8470 
.7490 
.7136 

.3950 
.8941 
.3898 
.3684 
.3674 
.5624 
.4377 
.4070 
.5190 
.4004 
.4220 
.4381 
.4090 
.4080 
.4022 
.4030 
.3968 
.3860 
.4807 


KjPtCl, 
reagents 
and  im- 
parities. 


Oram. 
.0021 


.0007 
.0007 
.0035 


.0000 
.0009 


Optional  method. 


Pure  salt 
taken. 


Oram. 
.2676 
.2509 
.2652 
1.2610 
1.2604 
.2600 
.2600 
.2632 


.0044 
.0044 
.0040  I        .1310 
.1310 


.0034 


.0044 
.0007 
.0006 


.0035 


.0000 
.0013 


.3700 

.1895 

«.4180 

>.4427 

.1543 

1.1405 

M407 

.1400 

.1400 


.1444 


K,PtCl« 

total 
found. 


Oram. 
.7318 
.6854 
.7371 
.7295 
.7260 
.7240 
.7248 
.7374 


K,PtCl« 
reaeenta 
and  im- 
puritiee. 


Oram. 
.0033 
.0027 


.0017 
.0017 
.0090 


.0151 


.8798 
.3801 


1.0217 
.8880 
1.3394 
1.4416 
.4287 
.8946 
.8946 
.3962 
.4010 


.4081 


.0153 


.0028 
.0047 


.0021 
.0025 
.0105 


.0097 


1  See  Mr.  Hopkins's  notes. 

'Direct  evaporation  without  previous  separation  of  lime. 

■Potassium  chlorid. 

Mr.  Ross  sent  the  following  notes  with  his  figures: 

The  Lindo-Gladding  process,  as  originally  employed  by  the  association,  was  used 
as  regards  the  preliminary  treatment  of  the  solntion  without  any  attempt  being 
made  to  precipitate  the  lime,  etc.,  by  addition  of  NH^HO  and  (NH4)2C.i04. 

After  weighing  the  precipitates  they  were  dissolved  ojff  the  filter  with  hot  water 
and  the  loss  on  reweighing  noted.  The  proportion  of  impurities  left  undissolved  by 
the  NH4CI  wash  solution  was  quite  small,  but  for  accuracy's  sake  the  loss  on  dissolv- 
ing in  hot  HiO  was  noted.  In  several  cases  this  aqueous  solution  of  KiPtCle  was 
evaporated  on  a  water  bath  and  the  residue  dried.  When  dried  at  100°  C.  the  residue 
invariably  weighed  more  than  the  loss  in  weight  noted  on  dissolving  the  contents  of 
the  filter  in  hot  H3O.  On  drying  at  120^  to  130°  C.  the  excess  in  this  weight  soon 
disappeared. 

Although  I  have  made  auite  a  number  of  determinations  in  two  or  three  of  the 
salts  by  the  alternate  metnod,  I  do  not  feel  justiiied  in  reporting  some  of  these 
(which  are  too  low  in  almost  every  case),  for  the  reason  that  I  had  numerous  inter- 
ruptions during  this  part  of  the  work.  My  experience  with  the  alternate  method 
has  always  been  that  it  is  difficult  to  so  adjust  the  flame  used  in  the  final  ignition  of 
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the  residue  (obtained  by  evaporation)  as  to  secare  complete  volatiUzation  of  ammo- 
ninm  componnds  and  at  the  same  time  to  avoid  loss  of  KCl. 

Mr.  Brown  wrote  as  follows : 

I  have  followed  yoar  instructions  as  far  as  they  were  given,  except  where  other- 
wise noted,  but  in  the  matter  of  detail  I  may  have  done  diiferently  from  some  of  the 
other  workers.  To  explain :  In  evaporating  the  solution  of  tho  potassium  salt  after 
the  addition  of  the  platinum  chlorid  I  have  been  careful  to  get  rid  of  the  excess  of 
hydrochloric  acid,  in  some  cases  adding  water  and  evaporating  two  or  three  times 
until  the  odor  of  hydrochloric  acid  was  hardly  perceptible.  At  jiresent  there  are  no 
directions  for  the  treatment  of  the  dried  mass  with  alcohol.  I  lulded  the  alcohol  to 
the  mass  and  kept  it  only  so  long  in  contact  with  the  salts  as  it  seeoied  to  be  dis- 
solving them,  pouring  off  the  solution  through  the  Gooch  crucible  or  lilter,  adding 
fresh  alcohol  and  continuing  to  treat  with  alcohol  until  it  came  away  nearly  color- 
less before  transferring  the  potassium  chlorplatinate  to  the  Gooch  crucible  or  filter. 
In  five  minutes  after  adding  the  alcohol  it  was  frequently  decanted  off.  I  found  it 
necessary  to  use  about  100  cc  of  alcohol  for  each  determination,  usually  somewhat 
more  than  lees.  The  potassium  chlorplatinate  was  in  all  cases  dried  in  the  steam 
bath  at  100^  (the  temperature  is  not  given  in  the  *' Methods  of  analysis''  for  the 
Lindo-Gladding  method),  except  in  two  experiments,  where,  after  having  been  dried 
in  the  steam  bath,  it  was  treated  in  the  air  bath  at  130^  for  about  three  hours,  when 
it  was  found  that  the  weight  was  unchanged.  In  two  of  the  determinations  by  the 
optional  method  there  were  added  to  the  potassium  chlorid  kainit  impurities,  instead 
of  muriate  of  potash  impurities,  and  the  determination  of  potassium  chlorplatinate 
was  made  under  these  conditions. 

lu  one  of  the  sulphate  of  potash  determinations  by  the  optional  method  instead 
of  0.46  gram  potassium  sulphate  0.62  gram  was  taken  and  50  cc  of  Imparities. 

In  all  the  determinations  except  two  by  the  optional  method  the  potassium 
chlorplatinate  was  weighed  in  Gooch  crucibles.  In  these  two  the  potassium  chlor- 
platinate was  collected  on  paper,  dissolved  off  the  paper  with  hot  water,  caught  in 
a  platinnm  dish,  evaporated,  dried,  and  weighed  in  the  dish. 

Mr.  Ilopkins  stated  that — 

In  the  optional  method  where  heavy  precipitates  were  formed  by  adding  BaCl 
and  Ba(0U)3  they  were  washed  twice  by  ordinary  decantation.  Then  they  were 
rubbed  up  with  about  5  grams  of  purified  sand  and  shaken  well  with  hot  water,  which 
was  decanted  after  the  ]>recipitate  settled.  This  was  continued  until  washings  free 
from  chloride  were  obtained. 

The  remainder  of  the  figures  were  reported  without  comment,  other  than  those 
given  with  the  tables. 


Tabue  III, — BesulUfram  American  ohemiaU  oorreoted  far  potash  in  reagents  and  'Hmpuri- 
ties,"  calculated  by  oldfaeiors. 


Lindo-Gladding  method. 

Optional  method. 

Taken 
KCl. 

Foand 
KCl. 

Oram. 

Error 
KCl. 

Error 
K,0. 

Taken 
KCl. 

Found 
KCl. 

Error 
KCl. 

Error 
K^. 

Potassium  cblorid  c.  p. : 

Gram. 

Oram. 

Oram. 

Oram. 

Oram. 

Oram. 

Oram. 

F.  B.  Bomberger 

0.2489 
.2489 
.2480 
.4565 

0.2477 
.2482 
.2485 
.4647 

—0.0012  '—0.0008 

" 

—  .0007 

—  .0004 

—  .(MIA 

—  .0004 

—  .0003 

—  .0011 

"W.  G.  Brown 

>0.3998 

0.  .3980 

n  nnifl 

0  0011 

.6793 

.6774   —  .0019 

—  .0012 

1.4814 

.4790  —  .0024 

—  .0015 

.4632 

.4614 

—  .0018 

-.0011 

'.4324 

.4300 

-.0024 

—  .0015 

.3941 

.3054 

-H  .0018 

+  .0008 

.4548 

.4488 

.4516 
4486 

—  .0082 
0062 

—  .0020 
■  0039 

O.  "W.  CaTsnaagh 

.4799 

*.4804 

+  .0005 
+  .0014 

—  .0036 

—  .0044 

+  .0003 
+  .0009 
-  .0023 
-.0028 

.3980 

1  3944 

C.  H.  Jones 

.4978 

.4963 

.0015 

0010 

.4878 

,4942 

.4978 

.4972 

-.0006 

—  .0004 

.4978 

.4934 

.4978 

.4972 

—  .0006 

—  .0004 



>  Direct  evaporation  with  platinnm  solntion. 

*Ko  blank  determinations  made,  hence  results  not  corrected. 
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Table  III. — ResulUfrom  American  chemis1«  corrected  for  potash  in  reagents  and  '^impiiri- 
ties"  calculated  hy  old  factors — Continned. 


LindO'GliiddiDg  method. 


Taken 
KCl. 


Potaasium  chlorid  o.  p. — Con- 
tinued. 

F.  S.  Shiver 

A.  L.  Winton 


Muriate  of  potash,  80  to  85  per 

cent  (KCl  c.  p.  +  impurities) : 

B.  B.  Boss 


F.  B.  Bomberger  . 
W.  G.  Brown 


6.  W.  Cavaaangh  . 
CO.  Hopkins 


C.H.  Jones.. 


F.S.  Shiver... 
A.  L.  Winton  . 


Gram. 


.2100 
.2100 
.4406 
.4685 
.4041 
.6013 
.4410 
.4534 
.4290 
.4196 
.4201 
.4242 
.4271 


Fonnd 
KCl. 


Oram. 


Error       Error 
KCl.     I    K,0. 


Oram. 


.2097  — 
.2003 
.4476 
.4660 
.4042 
.5006 
».4442  '+ 
.4622  L 
.4283  '— 
.4189 
.4193 
.4224  |— 
.4251  j— 
.3905  - 


Gram. 


I 


0008  — 

0007  — 

0020 

0025 

0001 

0008 

0012 
0016  — 

0007  '— 

0008  |— 
0018  — 


0020 


0025  — 


.0002 
.0004 
.0013 
.0016 
.0001 
.0005 
.0014 
.0008 
.0010 
.0004 
.0005 
.0011 
.0013 
.0016 


Optional  method. 


Taken 
KCl. 


Gram. 
M664 
1.6069 
'.5376 


.1556 
.1556 
.4291 
.4792 
.4209 
».4187 
*.4186 
.4181 
.4181 
.4195 


Fonnd 
KCl. 


Error 
KCl. 


Error 
K,0. 


Oram. 
.1660 
.6049 
.5352 


Gram. 
—  .0004 


.0024 


I 


.1537 
.1532 
.4257 
.4737 
.4211 
.4153 
.4154 
.4168 
.4162 
.4203 


—  .  0019 

—  .0024 

—  .0034 

—  .0055 
-h  .0002 

—  .0034 

—  .  0032 

—  .0013 

—  .0019 
+  .0008 


Oram. 

—  .0002 

—  .0013 

—  .0015 


—  .0012 

—  .0016 

—  .0021 

—  .0035 
+  .0001 

—  .0021 

—  .0020 

—  .0008 

—  .0012 
+  .0005 


Lindo-Gladding  method. 

Optional  method 

Taken 
K,S04. 

Found 
KaS()4. 

Error 
K2SO4. 

Error 
K,0. 

Oram. 
-0.0005 

-  .0007 
-.0008 
-.0006 
-.0009 
+  .0004 
-»-  .0001 

-  .0009 

-  .0008 

Taken 
K..SO4. 

Gram. 

0. 1310 

.1310 

Fonnd  ,    Error 
K,S04.|  K,S04. 

Error 
K,0. 

Potassiam  sulphate  o.  p. : 

F.  B.  Bomberger. .......... 

Gram. 

0.2500 
.2600 
.2500 
.5640 
.6011 
.4836 
.4842 
.5000 
.6000 

Oram. 

0.2490 
.2487 
.2486 
.6638 
.6994 

*.4843 

*.4843 
.4084 
.4986 

Oram. 
—0.0010 
-.0013 

—  .0015 

—  .0011 

—  .0017 
+  .0007 
+  .0001 

—  .0016 

—  .0014 

Oram.     Gram. 

0.1296  -0.0014 

.1296  -  .0014 

Gram. 
-0.0008 

-.0008 

TT. G  Brown. ............. 

.6121 
.4822 

.5025  '—  .0096 
.4721   —  .0101 

—  .0061 

a  "W  r^AVAiiAnflrh 

-  .0054 

1 

C.  H.  Jones 

.5000 
.5000 
.1643 
».4725 
1.4942 
1.4185 
'.4679 

.1310 
.1310 

.4941   —  .0059 

—  .0032 

F.  S.  Shiver 

.4950 
.1638 
.4720 
.4922 
.4177 
.4664 

.1295 

1                 1     i     1     1     1     1 

—  .0027 

▲.L.  Winton 

—  .0003 

—  .0011 

—  .0004 

1 

—  .0008 

SnlphAte  of  potash,  90  per  cent 
<EaS04  o.  p. + impurities)  : 
F.  B.  Bomberffer 

.8030 
.4092 
.4624 
.5130 
.4517 
.4745 

.3910 
.4048 
.4594 
.5117 
.4509 
.4741 

-.0020 

-  .0044 
.0030 

-  .0013 
-.0008 

-  .0004 

1      1      1      1     1      1 

—  .0008 

.1296  '—  .0014 

-  .0007 

W.  G.  Brown 

.6171 

.4371 

*.4506 

.6024         .0147 
.  4320  —  .  0051 
.4452  1      .0054 

—  .0089 

G.  W.  Cavanaugh 

—  .0028 

—  .0029 

1  Direct  evaporation  with  platinum  solution. 

*No  blank  detei*mination8  made,  hence  results  not  corrected. 

■See  Mr.  Hopkins's  notes. 


Digitized  by 


Google 


35 

Table  III. — Be9ult8framAaMr%oan  ehemiaU  oorreeied  for  potash  in  reagents  and  *'  impuri- 
ties/' omLculaied  by  old  factors — Continaed. 


Salphate  of  potash,  90  per  cent 
(KjS04  c.  p.  +  imparities)— 
Con  tinned. 
C.  6.  Hopkins 


C.H.  Jones.... 
A.  L.  Winton. 


Sulphate  of  potash  and  mag- 
nesia (KfSOt  c.  p.  +  impnri* 
ties): 
T.  B.  Bomberger 


W.  G.  Brown . 


G.  W.  Cavanangh. 
C.G.Hopkins 


C.  H.Jones. 


r.  8. Shiver..., 
A.  L.  Winton. 


Kainit  (S:|S04  o-  P  •+  impuri- 
ties): 
&  B.  Boss 


F.  B.  Bomberger. 


"W.  G.Brown. 


G.  W.  Caranangh  . 
C  G.Hopkins 


C.  H.  Jones. 


F.  8.  Shiver... 
A.  L.  Winton. 


Lindo-Gbidding  method. 


Optional  method. 


Taken 
KSO4. 


Gram. 
.4674 
.4563 
.4640 
.1645 
.4042 
.4121 
.4110 


.2070 
.2785 


.3301 


.2617 
.2553 
.2645 
.2640 
.2650 
.3040 
.2686 
.2566 


•.1400 

•.1400 

.1390 

.1810 

.1310 

•.2009 

».1555 

.1460 

.1871 

.1464 

.1518 

.1571 

•.1460 

•.1460 

.1445 

.1445 

.1433 

•.1387 

•.1727 


Found 
K,SO,. 


Error 
K^04. 


Error     Taken    Found      Error       Error 
K:,0.      KjS04.   K2SO4. 1  KjSO*.       K,0. 


Oriim. 
.4658 
.4542 
.4620 
.4612 
.4014 
.4098 
.4085 


.2666 
.2768 


6fram. 
—  .0016 
.0021 


.2673 
.3295 


—  .0007  I— 

—  .0006  '— 


.2604 
.2541 
.2642 


.3021 
.2671 
.2544 


.1394 
.1391 
.1377 
.1301 
.1297 
.1996 
.1550 
.1441 
.1841 
.1414 
.1507 
.1562 
.1449 
.  1446 
.1423 
.1444 
.1417 
.1373 
.1711 


Oram. 

—  .0009 

—  .0011 

—  .0011 
.  0033  —  .  0018 

0028  —  .0015 
—  .0023  —  .0012 
0025   —  .0014 


r 


—  .  0014  — 

-  .0017  '— 


.0008 
.0009 


Oram.  Oram.  I  Oram. 
1.4094  .4515— .0059 
1.4603  '  .4529  L  .0074 
.4600  .4539  j—  .0061 
.4600       .4548  I-  .0052 


.0013 
.0012 
.0003 
.0011 
.0028 
.0019 
.0015 
.0022 


.0006 
.0009 
.0013 
.0009 
.0013 
.0013 
.0005 
.0019 
.0030 
.0050 
.0011 
.0009 
.0011 
.0014 
.0022 
.0001 
.0016 
.0014 
.0016 


.0007 
.0006 
.0002 
.0006 
.0012 
.0010 
.0008 
.0012 


.0003 
.0005 
.0007 
.0005 
.0007 
.0007 
.0003 
.0010 
.0016 
.0027 
.0006 
.0005 
.0006 
.0008 
.0012 
.0001 
.0009 
.0008 
.0009 


I 


.0004  I 
.0003  i 


.1310 

.1310 

.1310 

.2676 

.2500 

.2662 

.2610 

.2604 

.2600  I 

.2600 


.1286  ■>.0024 
.1291  '—  .0019 
.1285  '—.0026 
.2602  ]— .0074 
.2436  —.0078 
.2631  —.0021 
.2598  —.0012 
.2586  —  .0018 
.2553  '—  .0047 
.2555  '—  .0045 
.2579  —  .0053 


Oram. 

—  .0032 

—  .0040 

—  .0088 

—  .0028 


.1444 


.1310 

.1301 

.1310 

.1302 

.3700 

.3634 

.1395 

.1375 

*.4161 

.4082 

*.4407 

.4394 

•.1543 

.1530 

1.1405 

.1400 

M407 

.1400 

.1400 

.1377 

.1400 

.1304 

—  .0018 

—  .0010 

—  .0014 

—  .0040 

—  .0030 

—  .0012 

—  .0006 

—  .0010 

—  .0025 

—  .0024 

—  .0029 


.0009  I 
.0008 


.0005 
.0004 


.0066 
.0020 
.0079 
.0013 
.0013 
.0005 
.0007 
.0023 
—  .0006 


.0036 
.001) 
.0043 
.0007 
.0007 
.0003 
.0004 
.0012 
.0003 


.1422 


.0022 


.0012 


1  See  Mr.  Hopkins's  notes. 

>  No  blank  determinations  made,  henoe  results  not  corrected. 

•  Direct  evaporation,  without  previous  separation  of  lime. 

*  Potassium  chloride. 
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The  figures  in  Table  III  are  calcalated  ttom  the  analytical  data  of  Table  II.  The 
weights  of  KCl  taken  are  corrected  for  the  moisture  contained  in  the  salt.  This  was 
not  necessary  in  the  case  of  the  KsSO^  as  the  salt  was  anhydrous.  The  weights  of 
ECl  and  K^SO^.  fonnd  were  obtained  by  deducting  from  the  total  KuPtCle  that 
found  in  the  reagents  and  impurities  and  multiplying  by  the  commonly  used  factors 
0.3056  for  KCl  and  0.357  for  £[42804.  Mr.  Cavanangh  failed  to  make  blank  determi- 
nations in  a  number  of  cases,  and  these  results,  not  being  corrected,  are  high. 

Jt  should  he  home  in  mind  that  the  qitantiiies  used  in  the  case  of  the  artificial  German 
salts  usually  represent  approximately  0.5  of  the  real  salt,  and  therefore  the  errors  given  in 
grams  in  the  table  may  he  readily  converted  into  percentage  errors  hy  moving  the  decimal 
point  two  places  to  the  right  and  multiplying  by  two, 

Tablk  IV. — Difference  between  K2O  taken  and  KoO  found,  calculated  by  old  and  new 
factors — Average  results  of  American  chemists, 

[Difference  given  in  miUigramB.] 


Method. 


Direct  evaporation,  no  (NHJCI: 

Potaeeiam  chlorid  c.  p 

PotasBinm  sulphate  c.  p 

Llndo-Oladdlng  method : 

Potassium  chlorid  c.  p 

Muriate  of  potash 

Potassium  sulphate  c.  p 

Sulphate  of  potash,  90  per  cent 

Sulphate  of  potash  and  magnesia. 

Kainit  (lime  not  separated) 

Kainit  (lime  separated) 

Optional  method : 

Potassium  chlorid  c.  p 

Muriate  of  potash 

Potassium  sulphate  c.  p 

Sulphate  of  potash,  90  per  cent 

Sulphate  of  potash  and  magnesia . 

Kainit 


B.B.K0S8. 


Old 
fau. 
tor. 


—0.4 


New 
fac- 
tor. 


F.  B.  Bom- 

herger. 


Old 
fac- 
tor. 


New 
fac- 
tor. 


+0.2 


1.5 
—1.6 

0.7 
—1.7 
—0.8 


0.0 


+0.2 
—0.2 
—0.1 
—0.8 
-0.1 


—0.6 


—0.3 


—1.8 
—0.8 
-0.7 
U.2 
—0.4 


W.G. 
Brown. 


Old 
fac- 
tor. 


-1.4 


-1.1 
-0.2 
—0.7 
-0.5 
-0.3 
-0.5 
—1.3 


New 
fac- 
tor. 


G.  W.  Cava- 
naugh. 


Old 
fac- 
tor. 


—0.3 


—0.9 
—0.4 
—0.4 
—0.0 
—0.1 


+0.2 
+1.0 
+0.7 
+0.6 

+0.4  '' 

0.0  ' 

— 0. 9  —2. 7 


New- 
fac- 
tor. 


-0.2 


I 


—2.3 


L9  —1.7 
—2.8  —1.6 
5. 2  —4. 0 


+0.1 


;.8 


—3. »  1— 8-  3 
—2. 3  '—1. 7 


+  0.9 


C.  G.  Hop- 
kins. 


Old 
fac- 
tor. 


New 
lac- 
tor. 


—0.9 


—1.0 
-0.6 


+1.3  '—2.0 


.|-3.6 
.'—0.8 
'—0.3 


+0.2 


+0.1 
0.0 


—0.1 


-l.O 


-2.4 
—0.1 

o.a 


Method. 


Direct  evaporation,  no  (NH4)C1: 

Potassium  chlorid  c.  p 

Potassium  sulphate  c.  p 

Lindo-Gladding  method : 

Potassium  chloride. p 

Muriate  of  potash 

Potassium  sulphate  c.  p 

Sulphate  of  potash,  90  per  cent. . . 

Sulphate  of  potash  and  magnesia 

Kainit  (lime  not  separated) 

Kainit  (lime  separated) 

Optional  method : 

Potassium  chlorid  o.  p 

Muriate  of  potash 

Potassium  sulphate  c.  p 

Sulphate  of  potash,  90  per  cent 

Sulphate  of  potash  and  magnesia 

Kainit , 


C.  H.  Jones. 


F.  S.  Shiver. 


A.  L.  Win  ton.       Average. 


Old 
factor. 


— 0. 

— 0. 
— 0. 

— 1. 

—0. 
— 0. 
— 0. 

—2. 
— 1. 
—2. 
—8. 
—2. 


New 
factor. 


+0.7 
+0.6 
+0.4 
-0.3 
+0.8 
—0.3 
—0.3 

-1.2 
+0.1  i 
—1.7  I 
—1.9 

-1.8 1 

—0.4  I 


Old 
factor. 


-0.2 


New 
factor. 


+0.2 


-1.1 


—1.2 
—0.9 


+0.5 
—0.8 


—2.9 
-1.2 


-0.1 


—0.6 
—0.5 


+  1.6 
+0.2 


—2.2 
—0.8 


Old 
factor. 


—1.4 
—0.6 


-1.4 
-1.0 
-0.8 


New 
factor. 


I    Old 
fhctor. 


+0.2  I 
+0.5 


—0.3 


—0.3 
-0.2 
—0.4 


—1.0 
—0.6 

—0.7 
—0.8 
—0.7 
—1.0 
-0.7 
—0.6 
—1.1 

—2.7 
—1.1 
—2.3 
—8.8 
-2.2 
—1.0 


New 
fac- 
tor. 


0.0 
+0.5 

+0.4 

+0.2 

+0.3 

0.0 

0.0 

-0.2 

0.0 

—1.4 
-4.2 
—1.6 
—2.2 
—1.7 
—0.6 
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Table  IV  shows  the  errors  expressed  in  luilligrams  of  K-jO,  of  the  averftge  results 
of  each  analyst  calculated  both  hy  the  old  factors  and  by  those  based  on  reyised 
atomic  weights.  It  will  be  seen  from  Tables  III  and  IV  that  as  a  rule  considerable 
potash  was  lost  in  carrying  out  the  optional  method.  This  is  due  to  an  inherent 
defect  of  the  process.  It  has  long  been  known  that  barium  sulphate  carries  down 
potash  with  it  and  the  work  of  the  past  three  years  furnishes  abundant  illustration 
of  this  fact.  The  errors  introduced,  especially  in  the  presence  of  sulphates^  are  so 
considerable  as  to  render  this  method  very  inaccurate,  and  if  it  can  not  be  so  modi- 
fied as  to  remedy  this  defect  it  should  be  stricken  from  our  list. 

It  might  be  well  to  investigate,  with  regard  to  this  point,  the  plan  for  precipita- 
tion followed  by  the  Stassfnrt  chemists,  namely,  addition  of  barium  chlorid,  drop- 
wise,  to  a  strongly  acid  and  boiling  solution. 

The  results  of  the  different  analysts  by  the  Lindo-Gladding  method  stand  out  in 
striking  contrast  to  those  by  the  optional  method,  being  in  nearly  every  case  con- 
cordant, and,  by  the  old  factors,  a  trifle  below  theory.  The  slight  minus  errors,  as 
will  be  discussed  later,  disappear  almost  entirely  if  the  factors  based  on  the  univer- 
sally accepted  atomic  weight  of  platinum  be  employed.  Notwithstanding  the  criti- 
cisms of  Breyer  and  Schweitzer,  the  Stassfnrt  chemists,  Vogel  and  Haefcke,  the 
results  of  eight  chemists  working  independently  of  each  other  in  different  lahoraiories  and 
with  different  reagentSf  agree  in  establishing  beyond  a  reasonable  doubt,  the  remarkable 
accuracy  of  the  Lindo-Gladding  method. 

An  experienced  analyst  who  follows  strictly  the  instructions  and  uses  a  Gooch  crucible, 
should  find  it  rapid,  economical,  and  accurate. 

It  may  be  that  the  method  has  not  given  good  results  in  the  hands  of  European 
chemists,  because  the  potassium  platinichlorid  has  been  filtered  and  weighed  in 
some  other  way  than  on  a  Gooch  crucible,  which  is  universally  employed  in  experi- 
ment stations  and  fertilizer  control  laboratories  in  this  country. 

If  ammonium  chlorid  solution  be  poured  through  the  double  salt  contained  on  an 
ordinary  filter  paper  double  decomposition  may  take  place,  the  impurities  may  not 
be  washed  out  thoroughly  and  the  difficulty  in  removing  the  ammonium  chlorid 
with  alcohol  may  be  encountered. 

While  the  use  of  the  Gooch  crucible  has  been  explicitly  directed  for  the  optional 
method,  it  should  be  specified  also  among  the  details  for  carrying  out  the  Lindo- 
Gladding  method. 

It  was  used  in  obtaining  all  the  results  by  American  chemists  given  in  the  last 
three  reports  (except  in  a  few  cases  otherwise  noted)  and  undoubtedly  in  the  work 
of  preceding  years. 

Breyer  and  Schweitzer,  and  Vogel  and  Haefcke '  claim  that  the  removal  of  impur- 
ities from  potassium  platinichlorid  is  inadmissible,  since  thereby,  through  double 
decomposition,  ammonium  platinichlorid  and  potassium  chlorid  are  formed,  the 
former  remaining  as  an  impurity  on  the  filter,  the  latter  being  carried  into  the 
filtrate.  Fin  Rener  ^  first  pointed  out  that  this  reaction  takes  place,  but  his  results 
show  that  the  change  is  very  gradual.  He  found  that  a  saturated  solution  of  ammo- 
nium chlorid  at  22^  C,  when  in  contact  with  finely  divided  potassium  platinichlorid 
for  one  hour,  decomposed  but  0.27  per  cent  of  the  latter.  Since  our  methods  secure 
the  double  salt  in  a  granular  condition,  which  according  to  Fin  Rener  is  not  so  rap- 
idly acted  on,  and  since  operating  with  a  Gooch  crucible  the  ammonium  chlorid 
solution  is  not  in  contact  with  the  double  salt  longer  than  two  or  three  minutes, 
errors  from  this  source  would  not  be  expected  to  be  and  as  our  numerous  results 
show  are  not  appreciable. 

There  are  few  analytical  methods  where  the  precipitate  is  absolutely  insoluble  in 
the  wash  liquid,  and  it  is  absurd  to  discriminate  against  the  Lindo-Gladding  method 
for  theoretical  reasons  which  have  no  practicable  significance. 

It  will  be  noticed  that  the  results  on  kainit  by  direct  evaporation  with  platinum 
solution  are  equally  as  good  as  when  lime  was  previously  separated.    Calciom 


1  Land.  Venacbs-Stst.  47,  07.  >  Fogg.  Ami.,  29,  637 ;  Zeitsohr.  f .  Anal.  Chem.,  6,  216. 
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sulphate,  when  present  in  small  qnantitieS;  is  readily  removed  by  ammonium  chloride 
solution.  We  are  indebted  to  De  Eoode  >  for  calling  attention  to  this  fact;  but,  it 
should  be  remembered  that  omission  of  previous  separation  of  lime  is  merely  returning 
to  the  plan  first  proposed  by  Gladding  ^  from  which  many  of  vs  have  never  departed. 

Factors  for  the   Conversion  of  Potassium   Platinichlorid  to  Potassium 
Sulphate,  Chlorid,  and  Oxid. 

The  factors  which  have  been  commonly  nsed  (0.3056  for  converting  KsPtCl«to  KCl, 
0.3570  to  K:S04  and  0.19308  to  K^O),  although  based  on  old  atomic  weights,  are 
those  recommended  by  Fresenius  (Ztschr.  Anal.  Chem.,  21,  238),  who  found  in  some 
experiments  performed  shortly  after  Seubert's  determination  of  the  now  accepted 
atomic  weight  of  platinum  that  these  factors  gave  results  nearer  theory  than  those 
derived  from  the  revised  atomic  weights.  It  has,  however,  been  shown  (J.  Am. 
Chcm.  Soc,  17,  453)  that  the  method  employed  by  Fresenius  in  at  fault,  yielding 
K::PtCl6  contaminated  with  included  liquid,  and  for  this  reason  the  lower  factors 
give  the  better  results.  The  process  adopted  by  this  association  at  the  last  conven- 
tion removes  the  above  source  of  error,  and  the  factors  which  are  theoretically  cor- 
rect yield,  practically,  the  best  results.  These  are  0.1939  for  conversion  to  K-zO, 
0.3069  to  KCl,  and  0.3587  to  K:SO;. 

If  the  figures  given  with  last  gear's  report  on  potash  are  examined,  it  will  be 
noticed  that  these  new  factors  correct  a  tendency  toward  low  results. 

All  the  results  of  the  present  year  have  also  been  calculated  by  the  new  factors. 
In  order  to  save  space  the  figures  are  not  given  in  detail,  but  only  the  difference 
between  K:0  found  and  KjO  taken,  the  average  being  nsed  when  two  or  more  determina- 
tions were  made  by  the  same  analyst.  ( See  Table  IV . )  Where  blanks  were  not  made 
the  results,  which  for  this  reason  could  not  be  corrected,  are  not  taken  into  account. 
A  comparison  of  the  figures  iu  Table  IV  will  show  that  the  now  factors  give  better 
results  than  the  old.  The  errors  occasioned  in  the  optional  method  by  loss  of  potash 
through  occlusion  are  not,  of  course,  overcome,  but  the  Lindo- Gladding  method  has 
been  shown  to  bo  practically  free  from  such  errors  and  the  results  using  the  new 
factors  are  very  close  indeed  to  theory. 

The  mere  fact  that  the  Lindo-Gladding  method  gives  the  most  accurate  results  by 
the  use  of  the  revised  factors  is  of  itself  an  indication  of  the  perfection  of  the  proc- 
ess and  the  purity  of  the  double  suit  obtained.  It  is  only  in  the  case  of  methods 
which  yield  an  impure  double  salt  that  there  is  need  of  resorting  to  the  unscientific 
procedure  of  retaining  incorrect  factors  iu  order  to  compensate  for  errors  of  the 
method. 

It  should  be  stated  that  the  investigation  of  the  year  was  planned  as  a  test  of 
methods,  not  of  analysts.  Since  those  taking  part  iu  it  with  hardly  an  exception 
proved  themselves  competent  to  execute  careful  analyses,  it  was  possible  to  carry 
out  the  original  purpose  and  as  a  result  we  have  been  able  to  arrive  at  important 
conclusions. 

Too  often  in  the  past  inexperienced  chemists  have  made  the  analyst's  and  their 
results  when  published  have  been  used  as  evidence  against  our  methods. 

It  should  be  the  purpose  of  the  association  to  study  and  perfect  methods,  and 
reporters  should  be  relieved  from  serving  as  a  sort  of  examining  board  for  testing 
the  qualifications  of  chemists. 

llesults  of  German  chemists. — The  following  translation  of  Dr.  Tietjen's  report  was 
made  by  Dr.  von  Herff,  of  the  office  of  the  German  Kali  Works,  New  York,  and 
is  therefore  authoritative : 

Leopoldshall,  Stassfurt,  July  S,  1896. 

For  the  purpose  of  testing  the  merits  of  the  Lindo-Gladding  method  and  the 
Stassfurt  method  for  the  determiuatiou  of  potash,  comparative  analyses  were  made 
ill  several  laboratories  of  the  potash  works  and  also  in  the  laboratory  of  the  syndi- 
cate.   These  investigations  were  made  with  samples  furnished  by  the  agrionltnral 


*  J.  Am.  Chem.  Soc,  17,  85. 
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experiment  station  at  New  Haven,  Conn.,  and  the  results  obtained  again  show  that 
the  Lindo-Gladding  method,  in  comparison  with  the  SStassiurt  method,  is  trouble- 
some and  not  accurate.  Satisfactory  results  were  obtained  only  in  the  analysis  of 
kainit. 

In  the  laboratory  of  the  salt  mine,  New  Stassfurt,  the  following  results  were 
obtained : 

A. — Muriate  of  potash. 

I.  Pure  muriate  of  potash  according  to  the  Stassfurt  method. 

1.  From  0.2  g.  substance  were  obtained  0.6526  g.  2KCl.PtCl4.    2.  From  0.2  g. 
substance  were  obtained  0.653  g.  2KCl.PtCl4.    3.  From  0.2  g.  substance  were 
obtained  0.653  g.  2KCl.PtCl4. 
Average,  0.6528;  99.75  per  cent  KCl. 

II.  Muriate  of  potash  80  per  cent  according  to  the  Stassfurt  method. 

1.  From  0.2  ^,  muriate  orpota8h=0.419  g.  100  per  cent  KCl+'25  cc  impurities 
were  obtained  1.3745  2KCl.PtCl4;  calculated,  83.8  per  cent;  found,  84  per 
centKCl.  2.  From 0.423 g.  muriate  of  potash =0.422 g.lOOper cent KC1+.25 
CO  impurities  were  obtained  1.383  g.  2KCl.PtCl4;  calculated,  84.4  per  cent; 
found,  84.53  per  cent.  3.  From  0.42  g.  muriate  of  potash =0.419  g.  100  pwr 
cent  KCl  25  co  impurities  were  obtained  1.368  g.  2KCl.PtCl4;  calculated, 
83.8  per  cent;  found,  83.61  per  cent. 
Sample  No.  3  was  washed  with  alcohol,  as  prescribed  in  the  Lindo-Gladding 
method,  I. 

III.  Pure  muriate  of  potash  according  to  the  Lindo-Gladding  method,  I. 

1.  From  0.5  g.  muriate  of  potash  were  obtained  1.625  g.  2KCl.PtCL,=99.32 
per  cent.  2.  From  0.5  g.  muriate  of  potash  were  obtained  1.6193  g.  2KCl.PtCl4 
=99  per  cent.  3.  From  0.5  g.  muriate  of  potanh  were  obtained  1.621  g. 
2KCl.l'tCl4=99.1  per  cent. 

IV.  Muriate  of  potash  80  per  cent  according  to  the  Lindo-Gladding  method,  I. 

1.  From  0.42  g.  muriate  of  potash  0.419  g.  100  per  cent  KCl-f-25  cc  impuritios 
were  obtained  1.3665  g.  2KCl.PtCl4;  calculated  KCl  83.8  per  cent;  found, 
83.82  per  cent.  2.  From  0.421  g.  muriate  of  potash  0.420  g.  100  per  cent 
KCl-f 25  cc  impurities  were  obtained  1.3673  p:.  2KCl.PtCl4;  calculated,  8^1.0 
per  cent;  found,  83.57  per  cent.  3.  From  0.42G  g.  muriate  of  potash  0.425  g. 
100  per  cent  KCl+25  cc  impurities  were  obtained  1.384  g.  2KCl.PtCl4;  calcu- 
lated, 85.0  per  cent ;  found,  84.59  per  cent. 

B. — Sulphate  of  potash, 

L  Pure  sulphate  of  potash  according  to  the  Stassfurt  method. 

1.  From  0.2  g.  sulphate  of  potash  were  obtained  0..5597  g.  2KCl.PtCl4=99.7 
-1-0.3=100  ])er  cent  K2S04.  2.  From  0.2  g.  sulphate  of  potash  were  obtained 
0.5604  g.  2KCl.PtCl4=99.8-f  0.3=100.1  per  cent  K,S04. 

II.  Sulphate  of  potash  90  per  cent  according  to  the  Stassfurt  method.     1.84  g.  of 

pure  sulphate  of  potash+100  cc  impurities  at  200  cc,  of  which  20  cc  were 
evaporated. 
1.  From  0  2  g.  substance  were  obtained  0.5129  g.  2KCl.PtCl;  calculated,  92 
per  cent,  K:S04;  found,  91.45-|-0.3=:91.75  per  cent.    2.  From  0.2  g.  substance 
were  obtained  0.5134  g.  2KCl.PtCl;  found,  91.54+0.3=91.84  per  cent. 

III.  Pure  sulphate  of  potash  according  to  the  Lindo-Gladding  method,  I. 

1.  From  0.5  g.  sulphate  of  potash  were  obtained  1.4191  g.  2KCl.PtCl4=101.2 
per  cent  K2SO4.    2.  From  0.5  g.  sulphate  of  potash  were  obtained  1.4188  g. 
2KCl.PtCl4=101.18  per  cent  K2IS04.    3.  From  0.5  g.  sulphate  of  potash  were 
obtained  1.407  g.  2KCl.PtCl,  =  100.35  per  cent  K:SU4. 
IT.  Sulphate  of  potash  90  per  cent  according  to  Lindo-Gladding  method,  I. 

1.  From  0.461  g.  sulphate  of  potash-f25  cc  impurities  were  obtained  1.3056  g. 
2KCl.PtCl4;  calculated  K,>S04,  92.2  per  cent ;  found,  93.11  per  cent.  2.  From 
0.46  g.snlphateof  potash -f  25  ccimpuritieswereobtained  1.2921  g.2KCl.Pt('lj; 
calculated,  K:S04,  92.4  per  cent;  foumi,  92.15  percent.  3.  From  0.46  g.  sul- 
phate of  potash+25  cc  impurities  were  obtained  1.3035  g.  2KCl.PtCl4;  cal- 
culated. K.2SO4,  92  per  cent;  found,  92.96  per  cent. 

V.  Pure  sulphate  of  potash  according  to  Lindo-Gladding  method,  II. 

1.  From  0.5  g.  sulphate  of  potash  were  obtained  1.360  g.  2KCl.PtCl4  =  97  per 
cent  K.iS04.  2.  From  0.5  g.  sulphate  of  potash  were  obtained  1.3784  g. 
2KCl.PtCl4=98.3  per  cent  K>S()4.  3.  From  0.5  g.  sulphate  of  potash  were 
obtained  1.3775  g.2KCl.PtCl,= 98.2 per  cent  K:S04.  4.  From 0.5 g.  sulphate 
of  potash  were  obtained  1.369  g.  2KCl.PtCl4  — 97.64  percent  K2S04.  6.  From 
0.5  g.  sulphate  of  potash  were  obtained  1.374  g.  2KCl.PtCl4=98  per  cent 
K.SO4. 


Digitized  by 


Google 


40 

C. — Sulphate  of  potaah-magnena, 

I.  Aocording  to  the  Stassfart  method,  1.04  g.  pure  sulphate  of  potash +  100  co 

impurities  at  200  cc,  of  which  20  cc  were  evaporated. 
1.  From  0.2  g.  substance  were  ohtalned  0.2916  g.2KClPtCl^;  calculated,  KsS04, 
52  per  cent;  found,  51.99  per  cent.    2.  From  0.2  g.  substance  were  obtained 
0.2908  g.  2KClPtCl^;  found,  51.85  per  cent. 

II.  According  to  Lindo-Gladding  method,  I. 

1.  From  0.262  g.  sulphate  of  potash +25  cc  impurities  were  obtained  0.7507 
g.  2KClPtCl4 ;  calculated,  52.4  per  cent ;  found,  .53.54  per  cent.  2.  From  0.260 
g.  sulphate  of  potash  -{-25  cc  impurities  were  obtained  0.7372  g.  2KClPtCl^; 
calculated,  52  per  cent;  found,  52.58  per  cent.  3.  From  0.261  g.  sulphate  of 
potash -1-25  cc  impurities  were  obtained  0.7322  g.  2KClPtCl4;  calculated,  52.2 
per  cent;  found,  52.2  per  cent. 

D. — EainiU 

I.  According  to  the  Stassfnrt  method,  0.7  g.  pure  Hulphate  of  potash  -f  125  cc  impuri- 

ties at  250,  of  which  20  cc  were  evaporated. 
1.  From  0.2  g.  substance  were  obtained  0.1565  g.  2KClPtCl4 ;  calculated,  K2SO4, 
28  per  cent;  found,  27.9  per  cent.    2.  From  0.2  g.  substance  were  obtained 
0.1573  g.  2KCmCl;  found,  28.1  per  cent. 

II.  According  to  the  Lindo-Gladding  method,  I,  without  removal  of  lime. 

1.  From  0.1444  g.  sulphate  of  potash -f- 25  cc  impurities  were  obtained  0.4084  g. 
2KClPtCl4;  calculated,  28.88  percent;  found,  29.16  per  cent  K^SO^.    2.  From 
0.140  g.   sulphate  of  potash -f- 25  cc  impurities  were  obtained  0.3908  g. 
2KClPtCl4;  calculated,  28  per  cent;  found,  27.9  per  cent  K:S04.    3.  From 
0.140  g.  sulphate  of  potash -{-25  cc  impurities  were  obtained  0.3960  g. 
2KClPtCl-,;  calculated,  28  per  cent;  foundf,  28.25  per  cent  K2S04. 
The  results  reported  by  the  Consolidated  Alkali  Works  at  Westeregeln  have  refer- 
ence only  to  kainit.    An  artificial  kainit  was  produced  by  means  of  pure  substances 
furnished  by  Mr.  Winton.     This  contained  in50  g.  12.540  g.  K2S04,  therefore  25.08  per 
cent. 

In  the  analysis  of  this  kainit  the  following  results  were  obtained  by  the  Stassfort 
method:  From  0.4  g.  substance  were  obtained  0.2810  K:PtCl4=25.08  per  cent  K:S04. 
With  the  Lindo-Gladding  method  the  following  results  were  obtained :  (a)  With 
preceding  precipitation  of  lime,  from  0.5  g.  substance  were  obtained  0.3535,  0.3575 
K..PtClj=25.22  per  cent,  25.52  per  cent  K.2SO4.  {h)  Lime  not  precipitated,  from  0.5  g. 
substance  were  obtained  0.3575  K:PtCl6= 25.52  per  cent  KnS04. 
From  the  laboratory  of  the  syndicate  the  following  results  were  obtained : 

A.  0.3056  pure  muriate  of  potash,  free  from  water,  mixed  with  impurities  correspond- 

ing to  the  80  per  cent  muriate  of  potash. 
1.  According  to  the  Stassfnrt  method,  1.000,  1.001,  1.000  K.PtClo.    2.  Accord- 
ing to  the  Lindo-Gladding  method,  0.991,  0.993  KjPtCle. 

B.  0.357  pure  sulphate  of  potash,  free  from  water,  mixed  with  impurities  correspond- 

ing to  the  90  per  cent  sulphate  of  potash. 
1.  According  to  the  Stassfnrt  method,  0.995  g.,  0.995,  0.996  KaPtCle.    2.  Accord- 
ing to  the  Lindo-Gladding  method,  1.013  g.,  1,012  K.PtCle. 

C.  0.2  g.  pure  sulphate  of  potash,  mixed  with  impurities  corresponding  to  the  potash- 

magnesia. 
1.  According  to  Stassfnrt  method,  0.557  K.-PtClg.  0.1988  K2S04,  0.559  K2PtCl€= 
0.1996  K2S04.    2.  According  to  Lindo-Gladding  method,  0.5686  K2PtClo= 
0.2030  K2SO4. 

D.  0.2  g.  pure  sulphate  of  potash,  mixed  with  impurities  corrOvSponding  to  the  kainit. 

1.  According  to  the  Stassfnrt  method,  0.560,  0.561  KiPtCU^  0.200,  0.2003 
K.1SO4.  2.  According  to  the  Lindo-Gladding  method,  0.562,  0.561  K8PtCl«= 
0.2006,  0.2003  K,S04. 

TYr,  T1KTJKN8, 
For  the  Sworn  Chemists  of  the  Salca-iSifndicaie  of  the  Potash  Works. 
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Tablb  v. — Average  reBulU  from  German  chemists  connected  tpith  the  Stassfurt  indnstry. 

[Old  factors.] 


StaMnfart  method. 


I 


Lindo-Gladding  method. 


KClor 
taken. 


KClor;  KClor 
K,S04  K:,S04 
found,     error. 


K,0 
error. 


!  KClor  KClor;  KClor 
K,S04  K  S()4  K2SO4 
t«keu.   found,      error. 


Gram.  ,  Oram.  I   Gram. 


0.1991     0.1905  ,+0.0004 


.3056  !  .3057 

I 

.  4101  .  4202 

.2000  !  .2005 


Gram..     Gram. 


+  .0001 

+  .0011     f    .0006 

+  .0005    +  .0003 


+0.0002  ,  0.4977 
+  .0001  I     .3056 


Potaasinm  chloiid,  c.  p. : 

Nea-Staasfurt 

Syndicate  Lahoratory 

Muriate  of  i>otash,  80  per  cent : 

Nea-Staasfort 

Potaasinm  sulphate,  c.  p. : 

Nen^Stassfnrt 

Sulphate  of  potash,  90  per  cent:   I  '  '  ' 

Keu-Stassfurt .1840  I    .1838  L  .0002  —  .0001  |    .4603 

Sjndicata  Laboratory i    .3570      .3664  U  .0006  ~  .0003  1    .3570 

Sulphate  of  potash  and  magnesia :  I  j 


K,0 

error. 


Chram.     Gram.  ^  Gram, 
0.4956  —4).  0021   —0.0013 


4204 
5000 


Neu  Stassfurt 

Syndicate  Laborator}" 
Kainit: 

Nen  Stassfurt 

Weateregeln 


Syndicate  Laboratory 

Potassium  sulphate,  0.  p.,  oiv 
tional  method : 
Keu-Stassfurt 


.1040 
.2000 


.  1G39  . 


.0001  I—  .0001  I     .2610 


.0560 


.  1902  L  .  0008  —  .  0004  i  .  2000 


I 


I 


.0500 


. 1003  I  .1003 


.0000 
.0000  I 


.0000 
.0000 


> . 1415 
M264 
'.1254 
.2000  I  .2001  1+  .0001  +  .0001  «.2000 


.5000 


.8032 

.4105 

.5052 

.4642 
.3615 

.2642 


—  .0024  '—  .0015 

—  .0009  —  .0005 

i 

f  .0052  +  .0028 

+  .0039  +  .0021 
+  .0045  +  .0024 

+  .0032  '+  .0017 
F  .0030  +  .0016 


.1422  +  .0007  +  .0004 

.1269  \-\-   .0015  +  .0008 

.1276  j+  .0022  +  .0014 

•2004  1+  .0001  +  .0002 


.4897 


.0103  —  .0056 


1  Lime  not  precipitated. 


■Lime  precipitated. 


In  Table  V  are  given  the  average  figures  obtained  in  each  of  the  three  laboratories, 
calcnlated  by  the  old  faotorR,  from  which  it  appears  that  while  the  German  chemists 
obtained  very  accurate  results  by  their  own  method,  they  had,  as  a  rule,  poor  suc- 
cess with  onrs. 

The  Lindo-Gladding  method  gave  low  results  on  potassium  chlorid,  with  and 
without  addition  of  imi>uritie8,  while  on  the  sulphate  containing  salts  the^'  were,  as 
a  rule,  very  much  too  high. 

At  Nen-Stassfurt  seven  determinations  were  made  by  the  optional  method  on  pure 
potassium  sulphate,  with  an  average  loss  of  0.0108  gram. 

In  view  of  the  accurate  results  which  were  obtained  by  the  Lindo-Gladding 
method  in  eight  American  laboratories,  it  seems  probable  that  the  German  chemists 
carried  out  the  details  of  the  process  differently.  Possibly  they  did  not  use  the 
Gooch  emcible,  which  in  our  laboratories  is  identified  with  the  method. 

AMEKDED  AND  ADOPTED  REPORT  OF  THE  COMMITTEE  OF  RECOM- 
MENDATIONS IN  RELATION  TO  POTASH. 

(1)  That  the  following  be  used  as  factors  in  computing  potash  results  instead  of 
those  now  in  use:  Factors  for  KC1=.306J»;  factors  for  KjS04=.3587;  factors  for 
KiO=.1939. 

(2)  That  a  careful  test  of  the  accuracy  of  the  Stassfurt  method  be  made  by  the 
next  reporter  by  the  use  of  pure  potash  salt  in  conjunction  with  impurities  corre- 
sponding to  those  found  in  the  potash  salts. 

(3)  That  the  next  reporter  have  a  careful  test  made  of  the  accuracy  of  the  optional 
method,  by  acidulating  the  solution  before  precipitating  the  3alphuric  acid. 

(4)  That  the  following  resolution  be  adopted:  Resolved,  That  it  is  the  sense  of  this 
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association  that  in  mixed  fertilizers  chlorin  should  be  taken  into  consideration  in 
reporting  upon  their  composition. 

(5)  That  the  reporter  for  1897  be  requested  to  test  the  accuracy  of  kainit  deter- 
minations by  the  Lindo-Gladding  method  without  previous  removal  of  lime  and 
sulphuric  acid. 

(6)  That  page  22  (2)  (b)  be  changed  to  read  as  follows:  When  it  is  desired  to 
determine  the  total  amount  of  potash  in  organic  substances,  like  cotton-seed  meal,  etc. 

(7)  That  Mr.  Win  ton  be  authorized  to  revise  the  phraseology  of  the  description 
of  the  potash  methods. 

H.  J.  Wheeler, 
For  Committee  on  Recommendations  of  Reporters, 

Convention  adjourned  until  1.30  p.  m. 

FRIDAY— AFTERNOON  SESSION. 

The  president  called  for  papers  on  the  subject  of  the  determination 
of  potash  in  fertilizers. 

Mr.  Curtis.  I  desire  to  present  a  paper  by  Mr.  Scovell,  Mr.  Peter, 
and  myself,  entitled  "  Some  sources  of  error  in  the  determination  of 
potash  in  fertilizers." 

The  President.  Before  the  presentation  of  the  paper  we  will  hear 
the  report  of  the  committee  appointed  to  invite  the  Secretary  and 
Assistant  Secretary  of  Agriculture  to  attend  our  meetings. 

Messrs.  Frear  and  Lindsey,  the  committee  appointed  to  wait  upon  the 
Secretary  of  Agriculture,  reported  that  the  Secretary  was  unable  to 
attend,  owing  to  his  being  present  at  the  Cabinet  meeting.  The  Assist- 
ant Secretary  has  promised  to  be  present  at  some  time  during  the 
meetings  of  the  association. 

ON  SOME  SOUBOES  OF  EEEOE  IN  THE  DETEEIONATION  OF  POTASH  IN 

FEETILIZEES. 

By  M.  A.  Scovell,  A.  M.  Peter,  and  H.  E.  Curtis. 

The  investigation  described  in  this  paper  was  occasioned  by  the  appearance  of 
certain  small  but  annoying  and  seemingly  unaccountable  discrepancies,  in  the  case 
of  certain  fertilizers,  between  the  potash  determinations  made  by  two  of  the  chemists 
of  this  laboratory  when  working  on  the  same  samples  and  with  the  same  appa- 
ratus and  reagents.  For  instance,  in  a  fertilizer  composed  of  acid  phosphate,  tunk- 
age,  dried  blood,  and  muriate  of  potash  (No.  3345),  one  chemist  obtained  1.68  and 
1.71  per  cent  potash,  while  the  other  obtained  1.80  and  1.80  per  cent;  in  another 
similar  fertilizer  ^No.  3346)  one  obtained  1.76  and  1.83,  while  the  other  obtained  1.92 
and  1.96.  Upon  carefully  comparing  their  manipulation  in  carrying  out  the  official 
Lindo-Gladding  method,  the  only  difference  found  was  that  the  one  who  usually 
obtained  the  lowest  results,  always  measured  the  300  cc  of  water  with  which  the 
substance  was  to  be  boiled,  while  the  other  was  in  the  habit  of  p'^urin*;  upon  the 
substance  as  much  water  as  he  judged  to  be  not  less  than  300  cc,  and  probably 
exceeded  that  amount  in  nearly  every  case.  The  further  observation  that  the  differ- 
encesdid  not  appear  when  both  chemists  worked  on  the  sumo  solution,  but  only 
when  each  prepared  a  separate  solution  of  the  fertilizer  for  analysis  confirmed  the 
belief  that  the  cause  was  to  be  sought  in  some  difference  of  manipulation  in  pre- 
paring the  solution.  One  of  us  (Curtis)  suggested  the  theory  that  the  spongy  mate- 
rial, such  as  tankage,  etc.;  in  the  fertilizer,  having  become  saturated  with  the  solution 
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containing  potash  during  the  boiling,  retaius  this  solution  in  its  original  concen- 
tration when  the  liquid  is  made  up  to  volume  and  Hltered.  If,  then,  tbe  fertilizer  be 
boiled  with,  say,  400  cc  of  water,  the  solution  retained  will  be  weaker  and  the  final 
result  will  be  higher  than  where  only  300  cc  were  used,  assuming  evaporation  to  be 
abont  tbe  same  in  each  case.  On  the  other  hand,  supponiiig  tlie  same  quantity  of 
water  taken  in  each  case,  if  the  boiling  be  brisk  and  the  evaporation  rapid  the  solu- 
tion will  be  more  concentrated  than  if  it  were  slow ;  the  solution  retained  will  be 
stronger  and  the  final  result  lower.  The  following  results  seem  to  point  to  the  cor- 
rectness of  this  theory : 


Method. 


3346. 
Per  cent. 


3040. 


3347.  3404.      I      3407.      ^^^^ 


Kfi,  L.  G.  method,    boiling 

with  300  cc  water. 
Same,  boiling  with  400  to  450  |;      1. 93 

cc  water. 


{  1: 

if    i.»* 

\      1.97 


Per  cent.  '  Per  cent.    Per  cent.    Per  cent.    Per  cent.   Per  cent. 
2.51  1.60  2.48  I  1.63  2.34  4.95 


1.71 


2.71 


1.61 


2.42 


5.02 


Gain. 


.115 


.25 


.02 


.08 


.07 


In  the  series  where  300  cc  of  water  were  used  the  boiling  was  purposely  brisk 
and  the  evaporation  amounted  40  or  50  cc  in  each  case;  in  the  other  serieH  the 
boiling  was  slow  and  evaporation  very  little.  In  the  first  series  the  residue  at  the 
end  of  the  boiling  would  be  saturated  with  a  solution  containing  the  potash  in 
about  250  cc  of  liquid,  while  in  the  second  the  8ame  amount  of  potash  would  be 
contained  in  more  than  400  cc.  The  fertilizer  3346  was  coni])OBed  of  acid  phos- 
phate, tankage,  dried  blood,  and  muriate  of  potash ;  3040  and  3042  contained  acid 
phosphate  and  cotton-seed  meal;  3347  was  an  acid  phosphate  containing  no  organic 
matter  with  muriate  of  potash;  3404  contained  tankage  and  dried  blood,  and  only 
showed  3  per  cent  water  soluble  phosphoric  acid;  3407  was  an  acid  jihosphate  with 
potash,  but  no  organic  material,  and  the  last  was  a  mixture  of  tankage,  acid  })hos- 
phate,  and  muriate  of  potash.  It  will  be  noted  that  the  ditferenee  in  greater  in  the 
ease  of  the  plain  acid  phosphates  than  in  the  others,  where  organic  materials  were 
present. 

To  further  test  the  theory  of  occlusion  by  porous  materials  some  experiment's  were 
made  by  pouring  a  solution  of  potash  salt  of  known  strength  upon  tilter  paper  or 
chamois  skin  in  a  500  cc  fiask,  and  after  standing  a  short  time,  making  up  to  volume, 
filtering,  and  determining  tlie  potash  In  500  cc  of  the  filtrate,  as  in  the  re^^ular  course 
of  analysis.  The  results  are  stated  as  platinum  salt  obtained,  and  also  as  per  cent  of 
potash,  calculated  as  if  obtained  from  1  gram  of  fertilizer. 

The  potaeh  solution  used  contained  0.05  gram  c.  p.  KCI  in  50  cc. 


Materials  and  time. 


I  K,PtCL 
obtained 
(gram). 


r  0.1608 

50  cc  KCI  solution  alone | 

SO  oc  K  CI  and  10  grama  filter  paper.    After  1  hoar  it  was  made  up  to  volume,    r  .  1366 

shaken  well,  and  Altered.                                                                                            \  .  1353 

(  .  1403 

50  oc  KCI  and  6  grams  chamois  skin,  out  fine,  instead  of  paper !{  ,^^^ 

'  V  . 1399 
50  OC  KCI  and  250  cc  wat<'r  with  5  grams  filter  paper.    Stoo<l  one-half  hour  before 

making  up  to  volnroe .  1598 

50  oc  KCI  in  same  way,  but  stood  36  hours  after  making  up  to  volume  before 

filteHng 1590 

50  cc  KCI  in  same  way  as  the  next  preceding,  but  used  9  grams  paper !  .  1588 


Per  cent 
K,0. 


I  3.11 
}  2.62 
}        2.71 

8.08 

!  8.08 

i         2.90 
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The  effect  of  occlusion  of  the  solation  in  the  porous  material  appears  very  dis- 
tinctly in  the  first  two  experiments  in  which  KCl  was  used  in  less  dilute  solution 
than  in  the  others. 

To  determine  whether  a  precipitate  of  phosphates  aets  in  the  same  way,  10  grama 
of  preoipitated  tricalcinm  phosphate  were  hoiled  one-half  hour  with  10  cc  dilute 
sulphuric  acid,  a  known  quantity  of  the  KCl  solution,  and  enough  water  to  make 
about  300  cc.  Ammonia  and  ammonium  oxalate  were  then  added,  the  volume  was 
made  up  to  503.5  co,  allowing  3^  cc  for  volume  of  precipitate,  and  the  determination 
finished  as  in  the  regular  analysis.  The  results  are  stated  as  platinum  salt  obtained 
from  50  cc  of  filtrate  and  also  as  percentage  of  EjO  calculated  as  from  1  gram.  The 
weight  of  platinum  salt  has  been  diminished  by  0.0009,  the  amount  obtained  in  a 
blank  experiment  with  the  precipitated  phosphate. 


Quantiti)  a  used. 


50 cc  KCl  .solution,  alone  (from previous  experiment). 


KsPtCl.    I    Percent 
(gram).  K/).    • 


0.1608 
.1617 


60cc  KCl,  10  grams  tricalcium  phosphate,  etc.,  stood  over  night  after  adding  j  .  1544 

the  ammonia  and  ammonium,  oxalate  and  before  making  up  to  volume.  .  1525 


I  3.11 

}  2.96 


Deficit I  .0078  1  .15 


lOOco  KCl  solution,  alone  (from  previous  experiment) .3225  i  6.22 

lOOooKCl,  10  grams  tricalcic  phosphate  as  before .3118 


.3124 


}  6.02 


Deficit I  .0104  .20 


It  thus  appears  that  the  i)recipitated  phosphates  retain  a  notable  amount  of 
potash,  and  this  in  a  more  marked  degree  than  the  organic  materials  experimented 
upon.  The  foregoing  results  seem  to  indicate  that  the  absolute  error  in  analysis  due 
to  retention  of  potash  by  the  phosphates  is  quite  noteworthy.  It  is  true  that  in 
making  up  the  solution  to  500  cc,  without  allowing  for  the  volume  occupied  by  the 
fertilizer,  we  introduce  an  error  in  the  opposite  direction,  but  as  10  grams  of  ferti- 
lizer do  not  occupy  more  than  about  4  cc  it  is  evident  that  this  compensation  may 
not  always  be  sufficient.  We  see  also  in  this  source  of  error  a  reason  why  the 
"alternate''  method  should  give  slightly  higher  results,  as  a  rule,  than  the  Lindo- 
Gladding. 

POTASSIUM  (.mono)  metaphosphate. 

In  the  experiments  with  tricalcium  phosphate  just  described  the  first  series  of 
determinations  made  gave  a  very  remarkable  result,  the  figures  obtained  being  2.57, 
1.35,  0.50,  1.78,  2.77,  and  1.94  per  cent  KOj,  the  theoretical  amount  being  3.11  per 
cent.  It  was  noticed  that  the  porcelain  dishes  in  which  the  residues  had  been 
ignited  for  the  expulsion  of  ammonia  salts  were  much  corroded,  and  on  adding 
water  with  a  few  drops  of  hydrochloric  acid  to  the  Ignited  residue  it  was  found  that 
a  quantity  of  white  substance  in  the  form  of  glassy  scales  remained  undissolved. 
This  was  supposed  to  be  silica  and  was  filtered  out  before  adding  platinic  chlorid. 
As  soon  as  it  appeared  that  there  had  been  a  serious  loss  of  potash  somewhere,  this 
-white  substance  was  examined  more  carefully  and  was  found  to  contain  the  insoluble 
modification  of  potassium  metupho.sphate  (mono-metaphosphate)  as  well  as  silica, 
etc.,  from  the  porcelain.  The  solution  for  analysis  prepared  as  described  with 
tricalcic  phosphate  contained  ammonium  phosi)liute.  On  evaporation  and  ignition 
there  remained  an  excess  of  phosphoric  acid,  and  the  potash  wa.s,  of  course,  con- 
verted into  (mono)  metaphosphate.  This  substance  is  almost  insoluble  in  pore 
water,  but  dissolves  in  a  short  time  when  digested  on  the  water  bath  with  water 
acidified  with  hydrochloric  acid.  We  committed  the  error  of  assuming  that  because 
nothing  but  a  ]>ota8h  salt  was  present  it  would  dissolve  readily  in  hot  water  and 
did  not  allow  time  enough  for  the  solution  of  the  metaphosphate  in  the  dilute  aoid. 
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Of  counie  the  filters  were  thoronghly  washed  with  hot  water,  but  this  simply 
removed  the  acid  liquid  without  affecting  the  solution  of  the  metaphosphate. 

Potassium  (mono)  metaphosphate  was  prepared  and  analyzed  by  Maddrell  (Liebig's 
Annalen,  LXI,  p.  53),  and  is  formed  when  potassium  chlorid  or  other  potash  salt  is 
heated  with  excess  of  phosphoric  acid.  We  prepared  some  of  the  pure  salt  and 
found  it  to  be  almost  insoluble  in  cold  water  and  very  slowly  soluble  in  boiling 
water  with  conversion  into  orthophosphate.  An  experiment  with  cold  water  gave 
its  solubility  as  about  1  part  in  5,000.  The  solubility  in  boiling  water  depended  on 
the  length  of  time  of  boiling.  The  finely  powdered  salt  dissolved  easily  in  warm 
dilute  acids,  even  in  acetic  acid.  It  appeared  to  be  not  sensibly  volatile  on  ignition 
to  a  bright  red  heat,  but  lost  weight  on  ignition  with  a  blast  lamp. 

The  frequent  presence  of  soluble  phosphates  in  the  solutions  of  fertilizers  prepared 
by  the  Lindo-Gladding  method  has  been  pointed  out  by  Huston  and  a  remedy  sug- 
gested. Their  presence  is  objectionable  on  account  of  the  action  of  the  phosphoric 
acid  on  the  dishes  in  which  the  residue  is  ignite4-  If  these  dishes  are  of  porcelain, 
a  quantity  of  finely  divided  silica  is  frequently  obtained  in  the  platinum  precipitate, 
rendering  it  slow  of  filtration.  Besides  this  it  appears  from  our  experience  that  a 
lo68  of  potash  is  sometimes  possible  if  sufficient  attention  is  not  paid  to  dissolving 
the  ignited  residue  with  water  and  hydrochloric  acid.  In  the  analysis  of  fertilizers 
it  frequently  happens  that  there  is  a  slight  residue  which  will  not  dissolve  even 
after  protracted  digestion,  but  we  should  always  allow  time  enough  to  insure  com- 
plete solution  of  the  potash  compounds. 

Kentuckt  Agricultural  Experiment  Station, 

Lexington  f  Ky.,  November  6, 1896, 

After  the  readlDg  of  the  recommendations  the  president  called  for  a 
discassion  of  the  paper. 

Mr.  Wiley  moved  that  on  account  of  the  importance  of  bringing 
American  and  European  methods  for  estimating  potash  into  harmony 
and  for  the  purpose  of  pointing  out  some  mistakes  in  the  attacks  which 
have  been  made  on  the  method  followed  in  this  country,  Messrs.  Win- 
ton  and  Wheeler  be  requested  to  prepare  a  paper  on  the  official 
Lindo-Gladding  method  for  estimating  potash  for  publication  in  the 
Yersuchsstationen. 

The  President.  I  think  it  is  very  appropriate  to  take  some  such 
action  as  this. 

The  motion  was  adopted. 

Mr.  Shutt.  I  should  like  to  inquire  if  the  determination  of  potash  in 
soils  should  properly  be  exhibited  now  or  come  up  later,  when  the  report 
on  soils  is  read. 

The  Pbesident.  It  is  better,  I  think,  to  discuss  that  subject  when 
the  report  on  soil  analysis  is  under  consideration.  If  there  is  no 
further  discussion  of  the  subject,  the  recommendations  of  the  reporter 
on  x)otash  will  be  referred  to  the  committee,  in  harmony  with  the  usual 
order.  Perhaps  we  had  better  take  up  now  the  next  subject,  viz, 
phosphoric  acid. 

Mr.  McDonnell.  I  would  like  to  have  the  report  on  phosphoric  acid 
deferred  until  to-morrow. 

It  was  voted  that  the  phosphoric  aeid  report  be  deferred,  and  that 
the  report  on  soils  take  its  place. 

Mr.  Patterson.  It  seems  to  me,  Mr.  President,  that  we  should 
not  defer  reports  because  of  the  absence  of  certain  members  of  the 
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association  who  desire  to  hear  them.  The  order  of  business  should  be 
arranged  for  the  benefit  of  those  who  are  present,  and  not  for  those 
who  are  absent. 

Mr.  Goss.  It  was  not  expected,  Mr.  President,  that  the  rejDort  on  soils 
should  come  up  at  the  present  time,  and  hence  it  is  not  fair  to  those 
who  are  absent  to  have  it  brought  forward  now,  when  the  regular  order 
of  business  calls  for  something  else. 

The  President.  It  seems  advisable  in  the  circumstances  to  let  the 
report  on  soils  go  over.  I  would  like  to  ask  if  Mr.  Lindsey  is  ready  to 
report  on  foods  and  feeding  stuii'sf 

Mr.  LiimsET.  I  think  now  is  perhaps  as  good  a  time  as  any  to  pre- 
sent my  report,  as  I  suppose  there  are  very  few  in  the  association  who 
are  interested  in  it  any  way.' 

The  President.  Mr.  Lindsey  will  then  present  his  report  on  foods 
and  feeding  stuffs. 

EEPOBT  ON  ANALYSIS  OF  CATTLE  FEEDa 
By  J.  B.  LiNDSBY. 

Tour  reporter  for  the  present  year  has  not  considered  it  wise  to  attempt  any  fur- 
ther comparison  of  results  obtained  by  different  analysts  in  determinations  of  mois- 
ture, crude  ash,  fiber,  fat,  and  protein.  He  believes  these  methods  to  be  as  perfect 
as  they  ever  can  be  made,  and  when  carried  out  by  experienced  chemists  will  give 
at  least  comparative  results.  It  is  generally  recognized  that  these  terms  do  not 
refer  to  single  substances,  but  rather  to  groups  of  ingredients  possessing  similar 
characteristics. 

For  example,  investigation  has  shown  that  crude  fiber  prepared  from  coarse  fod- 
ders, brans,  and  the  like,  usually  consists  principally  of  dextroso-oellulose,  combined 
with  the  small  quantities  of  lignin  or  lignin  acids  not  removed  by  the  action  of 
dilute  acid  and  alkali.  It  also  contains  more  or  less  pentosans,  so  closely  identified 
with  the  dextroso-colluiose  and  lignin,  as  to  be  considered  a  pentoso-cellulose.  If 
one,  therefore,  desires  to  continue  investigations  along  this  line,  the  aim  should  be  to 
secure  a  method  for  the  determination  of  cellulose  separated  from  other  ingredients. 
That  this  is  at  present  surrounded  with  difficulty  is  clear,  from  the  fact  that  as  yet 
we  have  not  a  very  exact  knowledge  of  the  several  modifications  of  cellulose. 

Again,  it  is  known  that  ether  extract  comprises  not  only  the  true  fats,  but  also  the 
resins,  waxes,  coloring  matter,  cholesterin,  and  lecithin.  If  one  would  study  this 
class  of  substances,  the  aim  should  be  to  perfect  methods  to  estimate  them  sepa- 
rately. No  single  method,  no  matt«r  how  much  we  may  compare  individual  results, 
will  do  this. 

The  admirable  work  of  Osborne  at  the  Connecticut  Experiment  Station  is  throw- 
ing much  additional  light  upon  the  meaning  of  crude  protein.  We  must  be  content 
with  the  collective  estimation  of  albuminoids  and  nonalbnminoid  nitrogen-con- 
taining bodies  until  investigators  have  thoroughly  studied  the  many  different  forms 
of  protein  that  exist  in  plants  and  seeds. 

The  term  *'  nitrogen-free  extract "  has  had  until  recently  a  very  doubtful  meaning. 
It  has  been  said  to  consist  of  starch,  sugar,  gums,  etc.  It  included  everything  known 
and  unknown  that  could  not  be  classified  elsewhere.  Thanks  to  the  investigation 
of  Tollens,  *  Schulze,*^  and  their  pupils,  a  great  deal  of  light  has  been  thrown  upon 
this  hitherto  questionable  combination.  In  addition  to  starch  and  the  small  quan- 
tities of  ready  formed  sugars  of  the  plant,  it  has  been  found  to  contain  the  larger 


1  Landw.  Vers.  Sta.,  39,  p.  401,  and  Journal  filr  Landw.,  1896. 
s  Zeitsch  fiir  Physiol.  Cheui.  Bds.«  14-16. 
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part  of  the  lignin,  removed  from  combination  with  the  cellulose  by  the  action  of  the 
acid  and  alkali,  and  a  group  of  bodies  called  hemicelluloses,  which  are  distin- 
guished from  the  true  cellulose  by  their  solubility  in  dilute  mineral  acids  and  in 
F.  SchuLse's  reagent,  and  by  their  insolubility  in  Schweizer's  reagent.  The  hemi- 
celluloses  include  xylan  and  araban  or  pentosans,  dextran  laovulan,  mannan  and 
galactan,  which,  when  hydrolyzed  with  dilute  acid,  yield  the  sugars  xylose,  arabi- 
nose,  dextrose,  laevulose,  mannoee,  and  galactose.  Investigations  have  shown  the 
pentosans  to  be  by  far  the  most  generally  distributed,  followed  next  by  galactan. 

From  these  few  remarks  it  will  be  seen  that  future  work  on  cattle  feeds  ought  to 
a  eonsiderable  extent  to  be  in  the  line  of  direct  investigation.  One  must  identify 
and  study  the  nature  of  the  substances  composing  plants  before  attempting  to  esti- 
mate them  quantitatively. 

Your  reporter  for  this  year  felt  that  it  would  not  be  wise  to  undertake  too  great  a 
variety  of  work,  but  rather  to  concentrate  upon  one  or  two  special  lines.  It  seemed 
wise  to  continue  the  work  marked  out  by  Mr.  Patterson  a  year  ago  and  test  methods 
that  have  been  proposed  for  the  estimation  of  individual  substances  comprising  the 
extract  matter.  Invitations  were  accordingly  sent  out  early  in  November,  1895,  to  as 
many  as  it  seemed  would  be  interested  in  the  work.  Fifteen  replies  were  received, 
to  which  samples  and  instructions  were  duly  sent. 

Three  of  this  number  have  failed  to  send  results  or  any  excuse.  Seven  during  the 
month  of  October  have  stated  their  inability  from  one  cause  and  another  to  carry 
oot  the  work,  so  that  we  have  actual  results  from  but  six  chemists,  including  our 
own  station. 

The  lines  of  work  proposed  were  as  follows : 

A.  Estimation  of  starch  by  three  distinct  methods: 

I.  Sachsse's  method. 

II.  Diastase  method. 

III.  MUrcker's  method. 

B.  Estimation  of  pentosans  wing  method  perfected  by  Mann,  Flint,  and  Tollens. 

C.  Estimation  of  galactan  by  method  of  liischbiethf  Credyt,  Hadeckey  and  Tollens, 

A. — Starch. 

Two  samples  were  sent  out — (I)  potatoes  and  (II)  Buffalo  gluten  feed.  This  latter 
consists  of  hull,  germ,  and  gluten  of  Indian  com.  The  samples  were  both  finely 
ground  bo  as  to  pasd  through  a  12-mm.  mesh  sieve. 

I.— Sacusbe's  Method. 

Extract  4  to  5  grams  of  the  substance  with  ether,  then  treat  the  residue  in  a 
beaker  with  50  cc  of  10  per  cent  alcohol  for  half  an  hour  with  constant  stirring, 
filter  and  wash  with  strong  alcohol.  Bring  the  residue  with  200  cc  of  water  and 
20  cc  of  25  per  cent  hydrochloric  acid  (sp.  gr.  1.125)  into  a  10-ounce  flask  provided 
with  a  reflux  condenser  and  heat  in  a  boiling-water  bath  for  three  hours,  cool  and 
very  nearly  neutralize  with  sodium  carbonate  (avoiding  excess).  Clarify  if  neces- 
sary with  10  cc  basic  acetate  of  lead  and  make  up  to  500  cc.  Pour  off  through  a  'Iry 
filter  and  determine  the  dextrose  in  an  aliquot  part  by  AUihn's  method.  Convert 
the  weight  of  the  dextrose  to  that  of  starch  by  the  factor  0.9. 

II. — Diastase  Method. 

Free  3  to  5  grams  of  the  substance  from  fat  and  water  soluble  carbohydrates,  as 
under  Sachsse's  method.  Bring  the  residue  into  a  beaker  with  50  cc  of  water,  and 
immerse  in  a  boiling-water  bath,  stirring  constantly  until  the  starch  forms  a  paste. 
Cool  to  65°  C.  and  add  25  co  of  malt  extract,  and  maintain  at  this  temperature  until 
the  solution  no  longer  gives  the  starch  reaction  with  iodin.  Filter  into  a  10-ounce 
flask  and  wash  until  the  filtrate  amounts  to  200  cc.  Then  add  20  cc  of  25  per  cent 
hydrochloric  ncid  (sp.  $rr.  1.125),  connect  with  a  reflux  condenser,  and  proceed  as 
under  Sarhsse's  method. 
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III. — MXitCKKR's  Method. 

Extract  from  3  to  5  grams  of  tlie  substance  with  ether  to  remove  fat  and  then  bring 
the  substance  into  a  beaker  with  50  cc  of  10  per  cent  alcohol  and  allow  to  stand  for 
half  an  hour  with  frequent  stirring.  Filter,  wash  with  alcohol,  and  allow  to  dry. 
Remove  dry  substance  from  iilter,  make  fine,  and  bring  into  a  Linter  pressure  bottle 
(if  Sozhlet  dlgestor  be  not  at  hand),  add  50  cc  of  water,  and  immerse  bottle  in  boiling 
water  till  starch  is  all  brought  into  a  jelly  (stirring  frequently).  Cool  to  65°  C, 
add  10  CO  malt  extract,  and  digest  at  65^  C.  for  one  hour.  Now  add  5  cc  of  a  1 
per  cent  tartaric  acid  solution  and  heat  at  140°  C.  for  one-half  hour,  or  110°  C.  for 
one  hour.  Cool  to  65°  C,  add  10  cc  malt  extract,  and  maintain  at  this  temperature 
until  solution  no  longer  gives  starch  reaction  with  iodin ;  then  filter  into  a  10-ounce 
flask,  wash  until  the  filtrate  measures  200  cc,  add  20  cc  HCl  of  1.125  sp.  gr.,  and  heat 
the  flask,  to  which  is  fitted  a  reflux  condenser,  in  a  boiling- water  bath  for  two  and 
one-half  hours.  Neutralize  with  Na^COs,  filter  if  necessary,  and  make  up  to  500  co 
Determine  dextrose  as  in  Allihn's  method. 

Prepare  the  malt  extract  by  digesting  10  grams  of  fresh,  finely  ground  malt  over 
night,  at  ordinary  room  temperature,  with  about  175  co  of  water,  filter,  and  make 
to  200  cc.  Determine  the  amount  of  dextrose  in  a  given  quantity  by  treating  it  the 
same  as  with  the  determination  of  starch. 

Starch  determinaUona, 


Sachsse's 
method. 

I.  Potatoes. 

IT.  Buffalo  gin  ten  feed. 

Diastase 
method. 

M&rcker's 
method. 

Sacbsse's 
method. 

Diastase 
method. 

M&rcker's 
method. 

inrp,  "W".  H.  l^nig  r 

Percent. 

Percent. 
62.69 

Percent.    Percent. 

Percent. 
21.90 

19.56 

21.54 

21.14 
22.71 

20.85 

Percent. 
19.84 

Wisconsin  Experiment  Station  F.  W. 
Woll 

68.23 

68.40 

70.41 
77.48 

69.80 

39.91 

Vermont  Experiment  Station,   C.  H. 
Jones 

63.32 

64.19 
67.15 

66.73 

61.90 

38.53 

38.70 
42.37 

88.60 

21.00 

New  Hampshire  Experiment  Station, 
C.D.Howard 

Columbia TJniversitj-,  H.  C.  Sherman.. 

Massacbosetts    Experiment    Station, 

E.  B.  Holland 

68.00 
69.15 

23.86 
26.27 

Average 

69.21 

64.82 

68.57  1        3ft- 0» 

21.29 

22.37 

The  results  are  so  few  that  one  can  draw  no  very  accurate  conclusions.  On 
potatoes,  the  figures  obtained  by  Woll,  Jones,  Howard,  and  Holland  with  Sachsse's 
method  agree  quite  well  and  represent  the  amount  of  starch  usually  found.  Sher- 
man's results  are  without  doubt  too  high.  With  the  diastase  method  on  the  same 
substance,  Sherman  and  Holland  obtain  practically  identical  results.  In  case  of 
Marcker's  method,  Sherman  and  Holland  again  agree,  and  both  seem  to  have 
secured  higher  results  than  with  the  diastase  method.  With  the  potatoes,  Saohsse's 
method  appears  to  give  slightly  higher  results  than  either  of  the  others. 

Coming  to  the  estimation  of  starch  in  the  gluten  feed,  marked  differences  are 
noted.  Sachsse's  method  shows  some  variations,  but  not  extreme  ones.  For  some 
reason  Sherman  secures  a  higher  amount  of  starch  by  this  method  in  case  of  both 
samples.  Both  the  diastase  and  Marcker  methods  agree  fairly  well,  but  show  very 
much  lower  results  than  those  obtained  by  Sachsse's  method.  This  is  to  be  expected, 
for  the  gluten  feed  contains  16  or  more  per  cent  of  pentosans,  which  substance,  as 
well  as  all  hemi-celluloses,  is  converted  into  sugars  by  the  action  of  dilute  acids. 
The  fact  is  firmly  established  that  Sachsse's  method  is  entirely  unreliable  for  the 
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determination  of  starch  in  all  oases  where  any  of  the  hemi-cellnloses  are  present. 
Kecent  investigations  limit  its  Talue. 

MSrcker's  method  as  a  rnle  gives  results  slightly  higher  than  the  diastase  method. 
This  may  be  possibly  due  to  the  action  of  pressure  on  carbohydrate  bodies  other 
than  starch. 

I  desire  in  this  connection  to  present  the  results  of  Mr.  H.  C.  Sherman,  recently 
published.  ^ 


Paro  starch . . 
Wheat  floor. 

Oatmeal 

Graham  flour. 
Wheat  bran . 
Wheat  straw 
Corn  fodder . 


Saohsse's 
method. 


Per  cent. 
82.30 

68.35 

59.01 

68.63 

38.82 

22.69 

20.13 


Diastase     Marcher's 
method.        method. 


Percent. 
82.49 


Percent. 


66.55 

67.15 

56.23 

56.16 

55.32 

20.'97 

21.09 

4.39 

4.80 

.96 

The  above  figures  confirm  the  results  previously  given. 


OBJBCnOKS  TO  THE  DIASTASE  AND  MaBCKER  METHODS. 

First.  We  are  not  positive  that  the  diastase  has  no  solvent  action  upon  the  hemi- 
celluloees.  Stone's  work  would  indicate,  however,  that  the  pentosans  are  not 
attacked,  and  it  is  probable  that  the  action,  if  any,  is  slight. 

Second.  The  inconvenience  of  being  obliged  to  prepare  frequent  malt  solutions, 
and  of  estimating  the  amount  of  reducing  sugar  they  contain. 

Third.  The  additional  inconvenience,  should  Murcker's  method  be  employed,  of 
heating  under  pressure. 

It  is  to  be  hoped  that  some  method  will  be  devised  in  the  near  future  that  will  do 
away  with  these  difficulties. 

Tour  reporter  feels  justified  in  recommending  as  provisional  methods  for  the  esti- 
mation of  starch  the  so-called  diastase  and  Marcker  methods.  The  Sachsse's  method 
is  entirely  out  of  the  question. 

If  conveniences  are  at  hand  for  working  the  Marcker  method,  it  should  have  the 
preference. 

B.  Estimation  of  Pentosans. 

In  view  of  the  very  general  occurence  of  the  pentosans  in  plants  and  seeds,  it 
seemed  advisable  to  familiarize  chemists  with  the  method  employed  in  their  quan- 
titative estimation  and  to  see  if  closely  agreeing  results  could  be  obtained  with  the 
method  in  the  hands  of  different  analysts. 

The  method  is  the  one  worked  out  by  Flint,  De  Chalmot,  and  Tollens  and  is  described 
as  follows : 

Weigh  out  3  to  5  grams  (depending  on  the  amount  of  pentosans  present)  of  the 
finely  mund  material,  and  transfer  to  a  800  cc  flask.  After  adding  100  cc  of 
hydrocnloric  acid  of  1.06  sp.  gr.,  connect  with  a  Liebig  condenser,  and  distil  30  cc, 
taking  ten  to  fifteen  minutes  for  the  distiUation.  Instead  of  putting  the  flask  in 
Rose's  metal  to  diffuse  the  heat,  as  Flint  and  others  suggest,  we  have  placed  it 
upon  a  piece  of  gauze  with  equally  satisfactory  results.  Now  add  30  cc  more  acid 
by  means  of  a  separatory  funnel  (the  stem  of  wnich  passes  through  the  cork  into  the 
flask),  and  so  continue  the  process  until  a  drop  of  the  distillate  gives  no  red  colora- 
tion on  filter  paper  that  has  been  moistened  with  anilin  acetate  (a  few  drops  of 
anilin  in  a*little  50  per  cent  acetic  acid).  Ten  to  eleven  distillations  are  generally 
sufficient.  Flint  has  shown  that  for  constant  results  the  presence  of  a  certain 
amount  of  salt  in  a  definite  quantity  of  solution  is  essential.    Furfurol  hydrazon  is 

1  School  of  Mines  Quarterly,  Vol.  XVII,  No.  4. 
10328—^0.49 4 
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more  iusolnble  with  81  grams  of  sodium  chlorid  lu  400  cc  of  distillate  tliuu  when 
less  Ih  preseut,  and  these  j)roportions  should  be  always  used.  A(M  to  the  obtained 
distillate,  brought  into  a  700  to  800  cc  beaker,  the  necessary  amouut  of  salt  and 
water  to  raise  it  to  this  standard  (see  table  following). 

/;SS««H  l^^"a<^r  (cubic  Salt  to  be  Rdd,  ,,.^}!5*'"2nH    ^^at«r  (cubic'salttobeadd-l 


"I  " 
400    I !      150 

350    I       50        lU.  15  100 

300         100        20.30  50 

250         150        30.45 
200         2U0        40.60    ■ 


250 

f>{).  75 

800 

00. 9U 

300 

71.05 

400 

81.20 

L 


Neutralize  exactly  the  400  cc  solution  with  sodium  carbonate,  covering  the  beaker 
with  a  watch  glass  during  the  process,  and  make  up  to  500  cc  with  water.  Add  now 
10  cc  of  phenylhydrazin  solution/  precipitating  the  furfurol  as  furfurol  h^^drazon.'' 
Stir  thirty  minutes,  preferably  with  an  automatic  stirrer,  and  filter  the  solution, 
using  suction,  into  glass  drying  tubes  about  three-fourths  inch  in  diameter  and 
6  to  7  inches  long,  drawn  out  at  the  lower  end  and  filled  with  about  one-half  inch 
of  glass  wool  in  preference  to  asbestus.  Bemove  adhering  particles  with  a  feather, 
and  do  not  use  over  100  cc  of  wash  water.  Dry  the  precipitate  in  a  speciallv  con- 
structed air  bath  **  at  55°  to  60°  C.  for  three  hours.  To  hasten  and  perfect  the  drying 
a  partial  vacuum  is  made  by  drawing  dry  air  slowly  through  the  tubes  by  aid  of  a 
suction  pump,  the  air  supply  being  regulated  by  pinchcocks.  The  air  before  enter- 
ing the  tubes  is  conducted  through  sulphuric  acid  todry  it,  and  through  a  glass  tube 
containing  small  pieces  of  marble  to  remove  any  sulphuric  acid  that  might  be  carried 
over  mechanically.  Cool  the  tubes  in  a  desiccator  and  weiffh.  Dissolve  cat  the  pre- 
cipitate with  hot  alcohol  and  re  weigh,  and  consider  the  loss  in  weight  as  furfurol 
hydrazon. 
For  the  conversion  of  furfurol  hydrazon  to  furfurol  use  the  following  factors  :* 

Furfurol = furfurol  hydrazon  x  0.538. 

Arabinose  =  furfurol  hydrazon  x  1.229+0.0177. 

Xylose  =  furfurol  hydrazon  x  1.031— 0.001. 

Pentose  (average  arabinose  and  xylose) = furfurol  hydrazanx  1.13+0.0083. 

Pentosan = pentose  x  0.88. 

FormuUu. 

Furfurol = C4H3O— COH. 

Pheny  l-hy  drazin = CsHs— NH— NHs. 

Furfurol  hy<lra2on=C4H30CHC6H,,N2H. 

Pentose  =  (C6HioOft)n. 

Pentosans = ( C  6H804)n . 

elermination  of  }}ento9an8. 


Analysto. 


ten  fe«l.     Wuelupme. 


I    Per  cent.        Per  cent. 

United  States  Department  of  Agrlonlture,  William  Q. Krng >  al9.80  a7.45 

Ifew  Hampshire  Station,  C. D. Howard 16.30  I  9.94 

Columbia  University,  H.  C.  Sherman 

Idassachoiietts  Station : 

J.B.Lindsey 

£.  B.Holland 


Average. 


15.80  ,  8.' 


16.77  9.39 


16.15 


I 


a  Excluded  from  average. 

>  Twelve  grams  of  phenylhydrazin  and  7.5  grams  of  glacial  acetic  acid  filled  to  100 
CO  with  water  and  well  shaken. 

«After  the  addition  of  the  phenylhydrazin  reagent,  the  solution  should  react 
slightly  acid.    In  case  this  is  not  so,  add  the  necessary  acetic  acid. 

3See  Twelfth  Report  of  Mass.  State  £zp.  Sta.  1894. 

*See  factors  recommended  further  on,  to  be  used  in  the  future. 
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The  method  requires  considerable  time  in  its  execution,  and  some  practice  is  nec- 
essary in  order  to  secare  good  results.  The  above  figures  therefore  are  quite  encour- 
aging. We  note  the  presence  of  about  16  per  cent  of  pentosans  in  the  gluten  feed, 
and  nearly  9  (or  one-half)  per  cent  in  the  lupine. 

RECOMMENDATION. 

The  place  of  the  factors  giren  on  page  63  of  the  Methods  of  Analysis  of  the  A.  O. 
A.  C.  for  1895,  for  the  conversion  of  the  hydrazon  into  pentosans  or  of  those  in  the 
preceding  pages,  I  would  recommend  the  adoption  of  the  following : 

Weight  of  hydrazon  x  0.516 -f- 0.0104x1.84 -f- weight  of  substance  taken  =  pen- 
tosans. 

Pentosans  h-  88  =:  pentoses. 

Hydrazon  X  0.516  -f  0.0104  X  1.65  ~  amount  substance  taken  =  xylan. 

Hydrazon  X  0.516  -|-  0.0104  x  2.03  -r-  amount  substance  taken  =  araban. 

Xylan  or  araban  -f-  0.88= xylose  or  arabinose. 

These  factors  have  been  very  carefully  worked  out  by  Mann,  Kruger,  and  Tollens.^ 
It  is  well  known  that  the  pentosans,  when  distilled  with  hydrochloric  acid,  are  some- 
▼hat  decomposed.  It  is  therefore  not  possible  to  calculate  from  the  theoretical 
formula  of  the  furfurol  hydrazon,  the  amount  of  pentosans  actuaUy  present  in  the 
sabstance.  Tollens  has  distilled  known  amounts  of  pure  furfurol,  xylose,  or  ara- 
binose, and  from  results  thus  obtained,  deduced  the  above  factors. 

C— Estimation  of  Galactan. 
Bring  3  to  5  grams  of  substance  free  from  fatty  matters  into  a  beaker  of  about  5.5 
cm  diameter  and  7  cm  deep,  and  add  60  cc  of  HNO3  of  1.15  sp.  gr.  and  evaporate  the 
solntion  to  exactly  one-third  of  its  original  volume  in  a  water  bath  at  94^  to  96^  C. 
Let  the  evaporated  solution  stand  twenty -four  hours,  then  add  10  cc  of  water  and 
let  stand  twenty-four  hours  more,  thus  allowing  the  mucic  acid  to  crystallize  out. 
In  case  of  most  organic  substances  the  mucic  acid  will  be  mixed  with  more  or  less 
impurities,  and  it  is  therefore  necessary  to  filter,  to  wash  with  not  over  20  cc  of 
water,  and  bring  the  substance  and  filter  back  into  the  beaker.  Add  25  to  30  cc 
of  ammonium  carbonate,^  and  bring  the  solntion  near  to  boiling.  The  (NH4)2C03 
solntion  containing  the  mucic  acid  is  filtered  preferably  into  a  platinum  dish,  the 
residue  well  washed,  and  the  entire  solution  evaporated  to  dryness  in  a  water  bath, 
and  then  acidified  with  dilute  HNO>,  and  stirred  with  a  glass  rod.  The  mucic  acid 
separates  out,  and  after  standing  one-half  hour  the  material  is  filtered  either  onto 
starred  filter  or  into  a  weighed  Gooeh  crucible,  and  washed  with  very  little  water 
(10  to  15  cc  at  most)  with  60  cc  alcohol  and  with  ether,  dried  at  100^  C.  and  weighed. 
After  reducing  to  basis  of  1  gram  multiply  by  1.333,  which  will  reduce  mucic  acid 
to  galactose.  Galactose  multiplied  by  0.9  will  give  galactan.  In  case  of  sample  3 
it  will  not  be  necessary  to  extract  with  ether  or  (NH4)v^003. 

RESULTS  of   galactan  DETERMINATIONS. 

One  chemist  reports  that  he  could  do  nothing  with  the  method,  and  two  did  not 
try  it.    The  following  are  the  only  results  received : 

Pure  milk  sugar.       1  Blue  lupine. 

Analysts.  —      —  

Galartan.   Galactose,  a'  Galactan.     GalactoH«. 


46.95  52.17  :  13.11  U.67 


United  States  Department  of  Agriculture,  W.  H.      Per  cent.       Per  cent.       Per  cent.      Per  eent 

Krng '  48.76  54.17  I 

Colombia  Unireraity.  H.  C.  Sherman 

Massachnaetta  Station : 

J.B.  LindMy 

E.B.  Holland 


44.04  48.93 


14.86  ,  16.50 

14.66  I  16.29 


a  Fifty  is  theoretical  percentage. 


^  Leitschrift  fUr  Angw.  Chem.  1896,  Hefts  2  and  7,  Journal  fiir  Landw.  1896. 
^Ammonium  carbonate.    Mix  1  part  dry  (NH4)C03  with  19  parts  water  and  1  part 
KH4OH. 
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While  the  resnlts  are  fairly  good,  I  am  oonvinced  that  with  a  little  practice  still 
better  ones  coald  be  obtained.  The  method  is  without  doabt  as  accnrate  as  that  for 
estimating  pentosans,  and  gives  ns  a  fairly  correct  idea  of  the  amount  of  galactan 
present. 

Recent  investigations  have  shown  that  the  hemi-cellnlose  galactans,  while  not  so 
generally  distributed,  as  the  pentosans,  exist  in  considerable  quantities,  especially  in 
leguminous  plants  and  seeds.  It  has  seemed  wise,  therefore,  to  encourage  chemists 
to  become  accustomed  to  the  use  of  the  only  quantitative  method  thus  far  proposed 
for  their  estimation. 

This  method  consists  in  the  oxidation  of  the  galactan  with  dilute  nitric  acid  and 
the  weighing  of  the  resulting  muoic  acid,  C4H4(OU)4(COOH)o.  Scheele^  was  the 
first  to  recognize  that  by  the  oxidation  of  milk  sugar  with  nitric  acid  mucic  acid 
resulted.  Pasteur  found  that  it  was  the  galactose  of  the  milk  sugar  that  yielded 
the  mucic  acid.  Kent  and  ToUeus'  evaporated  100  grams  of  milk  sugar  with  1,200 
cc  of  nitric  acid  of  1.15  sp.  gr.  in  a  water  bath  to  one-third  of  its  volume,  and 
allowed  the  resulting  solution  to  stand  twenty-four  hours  for  the  mucic  acid  to  crys- 
tallize. The  precipitate  filtered,  dried  at  100^  C.  and  weighed  was  found  t^  yield 
from  S7.5  to  40  per  cent  of  mucic  acid.  When  pure  galactose  was  used  a  double 
quantity  (74  to  77  per  cent)  was  obtained.  Rischbieth  Creydt,  Hadecke,  and  Tol- 
lens'  further  perfected  the  method  and  used  it  for  the  estimation  of  galactan  in  a 
variety  of  substances.  The  method  with  slight  modifications  was  sent  out  for  trial 
this  year  together  with  samples  3  and  4.  The  percentage  of  galactan  in  each  was 
requested.  Sample  3  was  pure  milk  sugar.  Sample  4  was  finely  ground  blue  lupine 
seed. 

AMENDED  AND  ADOPTED  REPORT   OF  THE  COMMITTEE   OF  EECOM^ 
MENDATIONS  IN  RELATION  TO  FOODS  AND  FEEDING  STUFFS, 

(1)  That  the  diantase  and  Maercker  methods  be  adopted  as  general  methods  for 
determination  of  st-arch  and  the  Saohsse  method  for  the  determination  of  starch  in 
potatoes  and  commercial  starches. 

(2)  That  the  methods  on  page  62  (7)  under  (a),  (5),  and  (c),  and  on  page  63  under 
(«),  be  made  official,  and  that  {d),  on  page  62,  remain  a  provisional  method,  and  also 
that  for  the  factors  on  page  63  the  following  be  substituted : 

Weight  of  hydrazon  x  0.516 -f  0.0104  -f-  by  amount  of  substance  taken  =  f^rfurol. 

Furfurol  x  1.84  =  pentosans. 

Pentoses  X  0.88  =  pentoses. 

Furfurol  X  1.65  =  xy Ian. 

Furfurol  X  2.03  =  araban. 

H.  J.  Wheeler, 

For  Committee  of  Recommendationa  of  Reporten, 

The  President.  Are  there  any  papers  relating  to  this  subject f 
Mr.  LiNDSEY.  I  have  the  title  of  a  paper  by  myself  and  Mr.  Holland 
on  the  distribution  of  galactans  in  agricultural  plants  which  I  would 
like  to  offer.  The  paper  will  be  presented  to  the  meeting  of  the  Agri- 
cultural Colleges  and  Experiment  Stations  and  published  in  the  pro- 
ceedings of  that  association. 


^  Opnscula  Chemica  et  pbysica,  Leipsig,  1789,  p.  111. 
«  Ann.  Cbem.,  227,  p.  221. 
'Landw.  Vers.  Sta.  39,  p.  401. 
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THE  PHLOBOGLnaiir  METHOD  FOB  THE  ESTIMATION  OF  FENTOSAHB. 
By  J.  B.  LiNDSEY  and  E.  B.  Holland. 

Coaneler  ^  has  suggested  that  instead  of  phenylhydrazin,  phloroglncin  be  employed 
for  the  precipitation  and  estimation  of  fiirfnrol  obtained  by  the  distillation  of  vari- 
ons  snbstaDces  with  dilute  hydrochlorio  acid.  Kruger  and  Tollens'  have  further 
studied  and  perfected  the  method^  and  recommend  it  as  reliable  for  the  estimation 
of  pentosans  in  various  coarse  fodders,  grains,  and  vegetables.  The  phlorogluoin, 
just  as  the  phenylhydrazin  method,  is  based  ou  the  fact  that  the  pentosans  (araban, 
xylao,  etc.)  differ  from  other  carbohydrates  in  that  they  yield  furfurol  instead  of 
levulinic  acid,  upon  digestion  with  moderately  dilute  hydrochloric  or  sulphuric  acids. 
The  first  step  necessary  in  both  processes  for  a  quantitative  estimation  is  the  conver- 
sion of  the  pentosans  into  furfurol,  and  its  separation  from  the  resulting  by-products. 

Fkloroglucin  method  described, — Three  grams  of  the  material  are  brought  into  a 
10-ounce  flask  together  with  100  co  of  12  x>er  cent  hydrochloric  acid  (sp.  gr.  1.06)  and 
several  pieces  of  recently  heated  pumice  stone.  The  flask  placed  upon  wire  gauze 
is  connected  with  a  Liebig  condenser  and  heat  applied,  rather  gently  at  first,  and 
so  regpilated  as  to  distill  over  30  oc  in  ten  to  fifteen  minutes  from  the  time  that  boil- 
ing begins.  The  30  cc  driven  over  are  replaced  by  a  like  quantity  of  the  dilute 
acid  by  means  of  a  separatory  funnel,  and  the  process  so  continued  as  long  as  the 
distillate  gives  a  pronounced  reaction  with  anilin  acetate  on  filter  paper  (a  few 
drops  of  anilin  in  a  little  50  per  cent  acetic  acid).  To  the  completed  distillate  is 
gradually  added  a  quantity  of  phloroglncin  ^  dissolved  in  12  per  cent  hydrochlorio 
acid,  and  the  resulting  mixture  thoroughly  stirred.  The  solution  first  turns  yellow, 
then  green,  and  very  soon  an  amorphous  greenish  precipitate  appears,  which 
grows  rapidly  darker,  till  it  finally  becomes  almost  black.  The  solution  is  made 
up  to  500  cc  with  12  per  cent  hydrochloric  acid,  and  allowed  to  stand  over  night. 
In  case  there  is  but  very  little  furfurol  in  the  substance  tested,  and  the  resulting 
distillate  consequently  small,  it  is  best  to  add  sufficient  12  per  cent  hydrochlorio 
acid  to  the  distillate  before  adding  the  phloroglncin  solution,  so  that  upon  the  addi- 
tion of  the  latter  solution  the  resulting  mixture  will  contain  approximately  500  oo. 
The  amorphous  black  precipitate  is  filtered  into  a  tared  Gooch  crucible  through  an 
aebestus  felt,  washed  with  100  co  of  water,  dried  to  constant  weight  by  heating  three 
to  four  hours  at  100^  C,  cooled,  and  weighed,  the  increase  in  weight  being  reckoned 
as  phloroglncid.  To  calculate  the  furfurol  from  the  phloroglncid,-*  use  the  follow- 
ing table : 


Total  weight  of  phloroglncid  obtained: 
0.2  fividedbyl.82  =  furfurol. 
.  22  divided  by  1. 839  =  furfurol. 
.  24  divided  by  1. 856= furfurol. 
.  26  divided  by  1. 871 = furfurol. 
.  28  divided  by  1. 884  =  furfurol. 
.  30  divided  by  1. 895  =  furfurol. 
.  32  divided  by  1. 904  =  furfurol.  i 


Total  weight  of  phloroglncid  obtained: 
0. 34  divided  by  1. 911  =  furfurol. 
.36  divided  by  1.916  — furfurol. 
.38  divided  by  1.919  =  furfurol. 
.  40  divided  by  1. 920  =  furfurol. 
.  45  divided  by  1. 927  =  furfurol. 
.  50  -f  divided  by  1. 930 = furfurol. 


Furfurol  divided  by  grams  substance  taken  x  1. 84  =  pentosans. 
Furfurol  divided  by  grams  substance  takfu  x  1. 65  =  xylan. 
Furfurol  divided  by  grams  substance  taken  X  2. 03  =  araban. 

iChemi1;erztg,  1894,  No.  51. 

'Zeitsch,  fur  Ang.  Chem.,  1896,  Heft  II. 

-Dissolve  twice  as  much  dry  phloroglncin  as  furfurol  expected  in  about  50  cc 
of  12  per  cent  hydrochloric  acid.  Bring  the  hydrochloric  acid  into  a  water  bath, 
*nd  stir  thoroughly  tiil  the  phloroglncin  goes  into  solution. 

'The  phloroglncin  is  a  complex  substance  of  uncertain  formula.  It  contains  63  to 
64  per  cent  of  carbon,  and  from  3.6  to  4.2  per  cent  of  hydrogen.  The  factors  for 
calcnlating  the  amount  of  furfurol  from  the  phloroglncid  wore  obtained  after  experi- 
menting with  known  amounts  of  pure  furfurol  and  phloroglncin. 
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By  phenyl, 
hydrazin. 

Byphloro- 
gluciu. 

Per  cent. 

Per  cent. 

21.28 

22. 50 

25.64 

25.74 

24.65 

26.43 

27.98 

27.91 

16.45 

16.00 

9.42 

9.64 
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The  amount  of  pentosans  was  estimated  by  both  the  phenyl  hydrazin   and  the 
phlorogJucin  methods  in  the  following  substances : 

Namo  of  .Hubstaiu'o. 


English  hay ' 

High-grown  salt  hay 

Branch  graas ! 

Low-meadow  foTi  grass ' 

Bu flalo  glaten  feed 

Lupine  seeds 

With  two  cxceptionH  the  two  methods  show  very  closely  agreeing  results.  AVe 
propose  to  still  further  compare  the  methods  in  the  near  future.  The  phloroglucin 
method;  on  account  of  its  greater  simplicity,  is  much  to  be  preferred. 

The  President.  Are  there  any  other  papers  on  this  subject?  If 
not,  the  discussion  of  the  report  is  in  order.  Has  anyone  any  remarks 
to  oifer  on  the  report  just  presented? 

Mr.  Huston.  I  do  not  think  that  report,  wbicli  contains  the  result 
of  a  fi^ood  deal  of  bard  work,  ought  to  pass  without  an  expression  of 
appreciation.  I  think  there  is  no  one  here  who  knows  anything  about 
it  or  is  capable  of  discussing  it,  and  that  is  the  reason  it  is  not  dis- 
cussed. We  appreciate  how  very  hard  the  work  is.  It  seems  to  nie 
it  is  deserving  of  the  very  heartiest  encouragement  on  the  part  of  this 
association. 

Mr.  Wiley.  I  would  like  to  say,  Mr.  President,  that  in  our  labora- 
tory we  have  compared  the  method  described  by  the  reporter  of  col- 
lecting, filtering,  and  weighing  the  precipitate  of  furfurolhydrazon. 
We  found  it  difficult  to  separate  this  precipitate  easily  from  the  beakers 
in  which  it  is  formed.  It  is  very  sticky,  and  requires  a  great  deal  of 
care  to  detach  it  from  the  sides  of  the  beaker.  This  led  Mr.  Krug  to 
introduce  a  modification  of  the  process,  which  consists  in  dissolving 
the  residue  of  the  precipitate  in  alcohol  instead  of  trying  to  collect  it 
altogether  on  a  filter.    1  would  like  Mr.  Krug  to  explain  this  method. 

Mr.  Krug.  In  our  laboratory  we  make  no  attempt  to  collect  the  pre- 
cipitate which  sticks  to  the  beaker.  It  is  washed  with  the  prescribed 
amount  of  water,  which  is  in  turn  passed  through  tiie  filter  tube. 
After  drying,  the  precipitate  is  dissolved  in  warm  alcohol  and  the 
solution  collected  in  a  weighed  dish,  the  alcohol  recovered,  the  residue 
dried  at  60^  and  weighed. 

Mr.  Wiley.  It  seems  to  me  that  the  members  of  this  association  do 
not  appreciate  the  importance  of  these  investigations.  We  liave  seen 
in  the  last  few  years  a  great  deal  of  work  done  in  this  country  on  diges- 
tion experiments.  In  my  own  opinion  the  value  of  digestion  experimen  ts 
depends  first  of  all,  upon  our  knowledge  of  the  material  digested.  Why 
should  we  be  so  careful  to  do  all  this  work  on  digestion  experiments 
without  informing  ourselves  first  of  the  nature  of  the  materials  which 
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iire  used  in  the  exx>eriments?  For  this  reason  I  heartily  indorse  what 
the  reporter  has  said  about  the  apathy  existing  with  regard  to  this 
class  of  investigations.  The  remark  the  reporter  made  at  the  begin- 
ning of  his  address  had  much  truth  in  it.  lie  said  he  could  read  his 
paper  now  as  well  as  at  any  time,  for  there  was  no  one  here  who  wanted 
to  hear  it.  I  hope  what  he  said  may  induce  the  members  of  this  asso- 
ciation to  take  a  greater  interest  in  this  class  of  investigations,  for  I 
believe  it  is  along  these  lines  we  are  to  make  our  great  x)rogress.  This 
is  a  line  of  work  that  demands  our  attention,  and  which  ought  to  have 
it,  and  I  hope  future  reporters  may  not  have  an  opportunity  to  go  upon 
the  stage  with  a  justification  of  the  remark  with  which  our  distin- 
guished friend  introduced  his  address. 

Mr.  KiLGOBE.  I  would  like  to  say  just  a  word  or  two  upon  this  sub- 
ject. I  think  it  is  not  exactly  true,  as  Dr.  Wiley  says,  that  we  do  not 
have  an  interest  in  this  work,  because  a  great  many  do  have  an  interest 
in  it,  but  I  think  generally  in  the  experiment  stations  the  workers  are 
engaged  in  a  chemical  line,  and  we  have  a  certain  amount  of  fertilizer 
work  to  do  together  with  a  great  deal  of  miscellaneous  work  which 
must  be  done,  and  after  this  is  done  we  have  little  time  or  energy  to 
take  up  anything  else;  so  I  do  not  think  it  a  matter  of  lack  of  interest, 
but  rather  lack  of  time  and  pressure  of  other  work  which  we  are  forced 
to  do,  and  I  think  this  association  could  do  no  better  than  in  some  way 
to  impress  upon  the  authorities  who  have  control  of  the  time  of  station 
workers  the  importance  of  this  class  of  work,  and  of  putting  more  time 
upon  it  and  less  time  upon  regular  routine,  fertilizer,  and  miscellaneous 
work.  I  should  like  very  much  to  see  something  of  this  kind  done, 
because  the  workers  with  whom  I  have  come  in  contact  would  like  to 
do  this  work,  but  it  requires  time. 

Mr.  Wiley.  I  think  Dr.  Kilgore  is  quite  right  in  that  respect,  because 
I  know  that  in  a  great  many  of  the  stations  the  time  of  the  chemists  is 
taken  up  almost  entirely,  but  I  think  there  are  others  where  there 
might  be  some  little  time  devoted  to  these  investigations.  We  have 
some  things  in  our  laboratory  new  to  you,  and  if  at  any  time  during 
the  progress  of  the  meeting  members  could  visit  it  we  would  be  glad 
to  have  them  do  so. 

The  President.  The  association  certainly  will  be  glad  to  avail  itself 
of  Dr.  Wiley's  kind  invitation  to  visit  his  laboratory  and  inspect  points 
of  interest. 

We  were  considering  the  potash  report.  We  have  not  discussed  this 
report  owing  to  the  absence  of  the  reporter  at  the  time  it  was  called 
upon.  Has  anyone  any  remarks  tootierf  Are  there  any  papers  on 
the  subject  of  potash  f 

I  would  like  to  state  for  the  benefit  of  those  not  here  after  the 
noon  recess  that  it  was  moved  by  Dr.  Wiley  and  the  motion  adopted 
that  Messrs.  Winton  and  Wheeler,  who  had  been  connected  with  the 
potash  work  for  the  past  year  or  two,  be  requested  to  prepare  a  reply 
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to  some  of  the  recent  criticisms  that  have  been  made  on  the  Lindo- 
Oladding  method,  and  particularly,  I  believe,  with  regard  to  the  article 
which  Mr.  Winton  spoke  upon  this  morning. 

Mr.  Winton.  I  neglected  to  call  attention  this  morning  to  some  sam- 
ples prepared  by  the  German  Association  of  Experiment  Stations  and 
distributed  around  at  the  different  stations  for  work. 

Mr.  KiLGOBE.  The  work  two  years  ago  on  phosphoric  acid,  when  we 
had  the  cooperation  of  some  three  or  four  German  chemists,  we  had 
tbe  criticism  made  from  the  director  of  the  chemical  station  at  fTorway 
that  with  so  small  a  quantity  of  material  that  we  used  in  the  analyses 
of  phosphates  it  would  be  impossible  for  them  to  get  anything  like 
accurate  or  concordant  results  on  materials  they  worked  upon.  The 
materials  they  used  were  so  much  larger  that  they  could  not  work  upon 
the  small  quantity  we  employed  and  get  any  results. 

The  Pbesident.  Are  there  any  further  remarks  on  the  subject  of 
potash!  If  not,  the  next  thing  in  order  will  be  the  report  of  the  com- 
mittee on  the  recommendations  of  the  reporter  on  nitrogen. 

Mr.  Wheeleb.  The  committee  is  ready  to  report  on  nitrogen,  but 
not  on  potash.  It  wishes  to  call  attention  to  the  fact  that  in  the  case 
of  nitrates  the  results  were  not  fully  satisfactory. 

Mr.  LiNDSEY.  What  method  do  you  use  in  the  nitrates! 

Mr.  Wheeleb.  The  present  modified  Kjeldahl  method,  and  I  think 
that  can  be  used  for  that  purpose,  according  to  our  present  regulations. 

The  Pbesident.  You  have  heard  the  rei)ort  of  the  committee.  Are 
there  any  remarks  on  the  subject! 

Mr.  Wiley.  It  seems  to  me  that  if  the  investigations  of  the  reporter 
indicate  that  this  method — the  Ulsch- Street — is  not  applicable  for  pure 
nitrates,  the  reason  for  adopting  it  for  nitrates  mixed  with  other  bodies 
ought  to  be  plainly  stated,  so  common  people  could  understand  them. 

Mr.  Wheeleb.  I  feel  sure  that  the  association  should  understand 
all  the  circumstances  connected  with  this  recommendation.  It  may  be 
that  the  trouble  is  owing  to  some  little  thing  about  the  method  which 
is  not  understood,  but  which  can  be  understood  later  and  which  can  be 
obviated.  There  is  a  feeling  upon  the  part  of  some  that  on  account  of 
its  rapidity  and  on  account  of  the  small  amount  of  error  when  the  per- 
centage of  nitrates  is  low  it  might  be  adopted  for  mixed  goods.  There 
are,  I  think,  very  good  reasons  why  we  ought  to  adopt,  even  for  such 
goods,  a  method  which  will  give  first-class  results. 

Mr.  Van  Slyke.  Another  i)oint  which  was  brought  up  in  the  com- 
mittee was  this:  The  position  which  the  committee  takes  is  much  more 
critical  than  that  taken  by  the  association;  and  although  the  results 
presented  on  the  determination  of  nitrate  of  soda  do  not  appear  to  be 
what  we  call  first  class,  yet,  compared  with  the  results  presented  a  few 
years  ago  for  the  determination  of  nitrates,  they  are  entirely  satisfac- 
tor}',  and  there  are  not  as  great  discrepancies  in  the  form  of  nitrate 
of  soda  as  we  found  when  the  other  methods  were  adopted.    The 
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committee  is  more  conservative  than  the  association  was,  as  a  whole, 
when  these  other  methods  were  adopted. 

Mr.  Wiley.  I  believe  the  method  is  good  enough  for  nitrates  in  gen- 
eral, and  that  is  the  reason  I  do  not  want  to  see  the  committee  recom- 
mend any  recession  in  this  method.  If  some  of  us  are  not  able  to  get 
good  results  as  analysts,  I  do  not  think  we  ought  to  condemn  the 
method.  Why  ought  we  make  this  discrimination?  I  approve  of  the 
method,  and  therefore  it  seems  to  me  that  unless  it  can  be  proved  that 
it  is  not  a  true  method  we  ought  not  to  let  go  the  hold  we  have  taken 
unless  the  committee  could  propose  a  better  method  for  nitric  nitrogen. 
Do  not  let  us  throw  down  until  we  are  ready  to  build  up.  If  it  is  good. 
enoogh  for  nitric  nitrogen  and  mixed  fertilizers  it  is  good  enough  for 
nitric  nitrogen  and  unmixed  fertilizers.  I  think  the  committee  is  a 
little  bit  too  conservative  right  here. 

Mr.  Stbeet.  I  would  like  to  rex>eat  something  I  said  during  the 
meeting  of  the  committee.  It  seems  to  me  that  in  a  method  of  this 
kind  the  experiences  of  workers  who  have  been  using  it  for  a  long  time 
ought  to  pass  for  more  than  those  who  have  tried  it  for  the  first  time. 
Any  new  method  will  probably  give  trouble  the  first  time.  We  have 
used  it  continuously  for  five  years.  Tlie  first  year  we  used  it  as  a 
check  method,  and  it  gave  perfect  satisfaction.  Since  then  we  have 
used  it  exclusively.  I  agree  perfectly  with  Dr.  Wiley  in  urging  that 
we  retain  the  method  until  we  get  a  better  one. 

Mr.  KiLGOBE.  The  method  as  it  stands  right  now  is  not  an  official 
method.  I  infer  from  Dr.  Wiley's  remarks  that  he  considers  it  an  offi- 
cial method.  It  is  merely  a  provisional  method,  as  I  consider  it  now. 
Looking  at  these  results  on  the  pure  soil  and  at  those  by  the  Keldow 
method,  the  question  arises.  Which  gives  the  better  results?  If  we 
look  at  the  results  by  the  Kjeldahl  method,  they  are  very  good  j  if  we 
look  opi)osite,  and  see  the  man  who  gets  good  results  with  the  Keldow 
method,  we  will  see,  also,  that  he  gets  good  results  by  the  other  method. 
It  ai)pears  to  be  rather  a  matter  of  the  analyst. 

Mr.  Daa^dson.  I  think  the  method  can  be  used  for  pure  goods  if 
well  distilled,  as  far  as  you  can  distill.  It  may  take  forty  minutes  and 
it  may  take  more  than  forty  minutes.  I  think  that  as  the  method  is 
now,  forty  minutes  ought  to  be  sufficient  time,  but  distill  until  all  has 
come  off. 

Mr.  Street.  I  said  "distill  from  thirty-five  to  forty  minutes — nearly 
to  dryness." 

Mr.  Wiley.  Would  it  not  be  well  to  announce  the  rule  in  regard  to 
those  who  have  a  right  to  vote  on  this?  Most  of  us  have  no  votes  in 
this  matter,  and  there  might  be  some  who  may  misunderstand  the 
matter.  I  would  suggest  the  president  announce  those  who  have  a 
right  to  vote  in  this  matter. 

The  Pbesii>bnt.  There  shall  be  one  vote  for  each  institution  con- 
nected with  the  fertilizer  work. 
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Mr.  Wheeler.  I  would  like  to  say  that  tlie  committee  had  one  other 
point  to  recommend  which  bears  upon  this,  and  that  is,  that  the  Ulsch 
method  be  tried,  and  be  referred  to  the  reporter  for  next  year. 

Mr.  LiNDSEY.  I  would  certainly  object  to  the  recommendation  of  the 
committee  that  the  method  be  adopted  for  nitrogen  nitrates  and  mixed 
goods  if  it  can  not  recommend  it  for  nitrogen  and  nitrates,  that  is, 
nitrate  of  soda.  If  it  would  determine  one  right  it  would  determine 
others.  My  opinion  is  that  the  method  is  safe  to  recommend  for  a 
method  of  determination  of  nitrates;  but  if  the  committee  does  not  feel 
it  is  safe'for  unmixed  goods,  then  it  should  not  be  adopted  for  either. 

Mr.  Frear.  I  think  we  shall  find  from  time  to  time  our  special  fer- 
tilizers will  increase  in  numbers.  I  notice  that  tendency  in  our  own 
State.  We  have  an  increased  tendency  toward  the  use  of  nitrates,  so 
we  may  run  upon  a  snag  there.  I  have  always  felt  that  we  ought  not  to 
be  guided  by  the  logic  of  a  method,  but  by  what  we  find  to  be  the  effect 
in  practice  concerning  the  ease  with  which  it  can  be  carried  out  by  the 
young  men  upon  whom  we  have  to  place  the  burden  of  the  work  in  our 
laboratories.  For  that  reason  I  am  inclined  to  be  on  the  side  of  the 
committee's  recommendation  that  we  do  not  say  the  method  is  a  bad 
one  for  the  determination  of  nitric  nitrogen  in  pure  goods,  but  we  have 
found  such  difficulty  in  the  determination  of  the  nitric  nitrogen,  even 
by  fairly  experienced  analysts  who  do  not  have  occasion  to  use  this 
method  every  day,  that  we  hesitate  to  make  a  general  recommendation 
of  the  method  for  the  use  of  all  men  who  have  this  fertilizer  control 
work  to  do.  There  are  only  a  few  fertilizers  in  the  United  States  where 
the  determination  of  nitric  nitrogen  can  be  carried  out.  In  our  own 
State  we  make  a  certain  number  upon  each  fertilizer.  The  character 
of  the  determinations  to  be  made  is  fixed  by  the  dej^artment  of  agri- 
culture of  the  State,  which  pays  for  the  work,  and  it  is  ready  to  i)ay 
for  only  so  many  determinations;  and,  it  goes  further,  it  is  willing 
to  print  only  so  many,  no  matter  how  many  we  contribute.  So  we 
soon  reach  a  limit.  I  think,  therefore,  we  will  find  there  will  be  here- 
after, as  in  the  past,  a  great  many  analysts  who  would  have  occasion 
to  use  this  method  only  infrequently,  and  they  would  have  the  same 
difficulty  as  heretofore,  unless  we  can  strike  upon  some  modification. 

Mr.  BiGELOW.  I  do  not  think  many  of  our  association  methods  or 
many  of  the  methods  used  in  analytical  chemistry  are  of  much  value 
in  the  hands  of  others  than  experts,  and  I  do  not  think  a  good  method 
should  be  abandoned  because  it  requires  some  experience.  If  there 
are  those  who  have  to  make  determinations  of  nitric  nitrogen  who  can 
not  make  them  by  this  method  on  account  of  having  so  little  work  to 
do  in  this  line,  I  think  it  would  be  well  for  them  to  use  a  method  they 
can,  and  give  those  who  are  expert  an  opportunity  to  use  a  more  per- 
fect method. 

^Ir.  Frear.  When  I  spoke  of  experts  I  did  not  mean  an  expert  in 
general,  but  an  expert  on  the  subject  in  general.     I  do  not  know  where 
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the  tarouble  is,  but  they  have  tried  several  modifications  with  no  better 
resolt.  There  is  no  reason  why  it  should  not  be  continued  as  an 
oj)tional  method  for  the  determination  of  nitrogen  in  nitrates.  Do  I 
understand  it  is  the  intention  of  the  committee  to  eliminate  altogether 
from  the  list  the  methods  which  may  be  used,  or  simply  to  make  it 
official  for  mixed  goods  and  let  it  stand  optional  for  pure  nitrates! 

Mr.WHEBLEB.  The  recommendation  was  to  make  it  an  official  method 
in  the  case  of  the  determination  of  nitrates  and  mixed  goods. 

Mr.  Fbeab.  And  make  no  mention  of  its  application  to  other  deter- 
minations! 

Mr.  Wheeler.  Xot  at  all.  I  will  say  that  one  of  my  assistants,  who 
is  an  excellent  analyst  and  has  been  working  in  the  laboratory  for  eight 
years,  failed  to  get  good  results,  and  for  that  reason  asked  the  reporter 
not  to  report  his  results.  They  were  as  good  as  some  of  the  results 
here,  but  he  was  not  satisfied. 

Mr.  Stbeet.  In  our  own  case  during  tlie  last  season  we  have  had  to 
make  over  200  determinations  of  nitrates,  and  I  am  sure  there  are  sta- 
tions which  have  to  make  a  corresponding  number.  We  can  use  this 
method  all  right,  and  I  can  not  see  why  the  experience  of  those  who 
make  an  occasional  determination  should  rule  out  our  experience  where 
we  have  made  hundreds  of  them.  Why  can  not  we  have  this  method 
adopted  as  a  regular  method!  We  can  use  it.  Give  us  the  opiwrtunity 
of  using  this  method  and  of  feeling  we  are  official. 

^Ir.  WIX.EY.  I  do  not  want  to  make  an  amendment,  but  I  do  not  want 
to  put  ourselves  in  a  hole.  I  do  not  want  this  society  to  go  before  the 
world  recommending  a  method  for  the  determination  of  a  matter  which 
is  very  small  in  quantity  because  a  little  difference  will  not  count,  while 
they  are  afraid  to  recommend  it  for  a  larger  amount  where  the  dift'er- 
ence  would  count.  That  is  not  right.  Let  us  be  fair  witli  the  world 
and  ourselves.  If  the  committee  think  it  is  not  good  enough  to  use, 
let  it  say  so. 

Mr.  LiNDSEY.  To  get  out  of  this  difficulty,  would  it  not  be  wise  for 
the  committee  to  reconsider  this  point  before  it  makes  a  final  report! 

Mr.  Van  Slyke.  I  believe  there  is  no  motion  before  us  now,  and  I 
will  bring  the  matter  into  specific  form.  I  move  that  the  Ulsch-Street 
method  stand  as  it  does  now  and  be  referred  to  the  rei)orter  on  nitrogen 
for  next  year  to  test  with  special  reference  to  nitrates  in  pure  goods. 

Mr.  Wheeler.  I  second  that  motion. 

Motion  carried. 

Mr.  Wheeleb.  The  second  recommendation  of  the  committee,  that 
the  heretofore  so-called  Fassbender  method  be  referred  to  the  reporter 
on  nitrogen  for  next  year  for  further  investigation,  and  that  he  look 
into  the  matter  of  attaching  a  correct  name  to  the  method. 

Becommendation  adopted. 

The  meeting  was  then  adjourned  until  Saturday  morning. 
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SECOTSir)   DAY. 
SATUEDAY— MOKNIHG  SESSION. 

The  association  met  at  10  o'clock,  and  the  president  called  for  the 
report  of  the  committee  on  recommendations. 

Mr.  Whbblkr.  I  will  read  at  the  present  time  the  report  of  the  com- 
mittee on  recommendations  so  far  as  it  has  agreed  on  the  points  which 
have  been  referred  to  it  by  the  reporters  and  by  the  association. 

The  committee's  report  was  read,  and  after  a  brief  discassion  and 
making  a  few  changes  was  adopted. 

The  President.  The  next  thing  in  order  is  the  consideration  of  the 
report  on  phosphoric  acid. 

Mr.  McDonnell.  I  would  say  that  some  of  the  reports  did  not 
reach  me  until  two  days  before  the  meeting,  and  I  was  considerably 
rushed  in  tabulating  theiu.  I  ho])e  the  association  will  bear  with  me 
ttnd  pardon  the  number  of  defects  in  my  report. 

EEPOBT  OH  PHOSPHOEIO  AOID. 

By  H.  B.  McDoNNKLL. 

FoUowing  the  usual  custom,  the  reporter  on  phosphoric  acid  sent  a  circular  letter 
•early  iu  the  year  to  a  number  of  chemists  who  -were  known  to  be  interested  in  the 
determination  of  phosphoric  acid  in  fertilizers,  asking  for  their  cooperation  in  the 
work. 

Chemists  representing  twenty  laboratories  signified  their  willingness  to  take  part 
in  the  work. 

Samples  were  accordingly  sent,  and  with  them  the  following  letter  of  instructions: 

CoLLKGK  Park,  Md.,  February  SO,  1896. 

Dear  Sir  :  I  send  you  herewith  by  express  three  samples  for  testing  methods  for 
determination  of  phosphoric  acid  for  the  Association  of  Official  Agricultural 
Chemists. 

The  association  last  year  directed  the  reporter  on  phosphoric  acid  to  make  a  further 
test  of  the  volumetric  method  and  also  to  include  in  the  work  the  magnesia  or  citrate 
method. 

For  this  purpose  three  samples  have  been  selected  as  follows : 

No.  1.  Ground  South  Carolina  rock. 

No.  2.  Dissolved  South  Carolina  rock. 
I     No.  3.  Complete  fertilizer,  made  by  mixing  150  samples  of  miscellaneous  ''complete*' 
fertilizers. 

You  are  requested  to  determine  total  PiOfe  iu  all,  and  soluble  and  insoluble  in 
Nos.  2  and  3  by  the  following  methods : 

1.  Volumetric  method  as  modified  by  reporter. 

2.  Volumetric  method  (Chem.  Bui.  No.  4(),  U.  S.  Dept.  of  Agr.). 

3.  The  official  method  (Chem.  Bui.  No.  46,  U.  S.  Dept.  of  Agr.). 

4.  A  magnesia  or  citrate  method. 

5.  A  magnesia  or  citrate  method  as  carried  out  by  Glaser  (American  Fertilizer, 

Sept.,  1895). 

6.  By  weighing  the  ammonium-phosphomolybdate  as  carried  out  by  Gladding 

(Jour.  Amer.  Chem.  rtoc,  Jan.,  1896). 
60 
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1.  The  reporter  finds  that  the  Yolnmetric  method  as  published  is  capable  of  being 
farther  simplified  and  recommends  the  following  method: 

Dissolve  the  phosphate  as  in  the  official  method,  using  preferably  40  co  strong 
HNOi  with  a  little  HCl.  make  up  to  definite  volume,  take  an  aliquot  portion  corre- 
sponding to 0.4  gram  snostance ;  if  over  5  per  cent  P-^Os  be  present  half  this  amount. 
Add  ammonia  in  slight  excess,  then  HNO:}  m  slight  excess  and  warm  to  about  50*^  C. 
and  add  the  regular  molybdic  solution  in  excess,  usinff  75  to  80  co  for  each  0.1  gram 
PiOs  present,  and  in  no  case  less  than  10  cc ;  stir  weU,  let  stand  for  about  thirty 
minutes  at  40  to  50^  C,  stirring  several  times  at  intervals;  filter  through  good  filter 
paper  about  9  cm  in  diameter,  on  ordinary  funnel  without  suction ;  wash  precipitate 
with  water  at  ordinary  temperature,  first  by  decantation  and  then  on  the  filter;  when 
filtrate  measures  about  250  co  test  filtrate,  as  it  drops  through  the  funnel,  with  a 
small  strip  of  litmus  paper;  wash  once  more,  stirring  the  precipitate  with  the  water 
jet,  and  test  again.  When  two  successive  tests  show  no  acidity  of  filtrate  the  wash- 
ing is  snfiicient.  Remove  filter  and  contents  to  beaker ;  add  standard  KOH  in  excess 
and  stir  till  precipitate  is  dissolved  and  titrate  with  standard  HNO3,  using  phenolph- 
talein  as  indicator.  The  standard  solutions  are  made  as  directed  on  page  14,  Bul- 
letin 46,  Chemistry  Division,  United  States  Department  of  Agriculture. 

2  and  3.  As  in  Chemical  Bulletin  No.  46,  United  States  Department  of  Agriculture. 

4.  Citrate  method: 

Make  solution  of  phosphate  according  to  one  of  the  official  methods.  Take  aliquot 
corresponding  to  0.4  gram  for  ordinary  work  or  twice  this  amount  for  ordinary 
*4n8olubles;^  make  a&aline  with  ammonia  and  add  ordinary  ammonium  citrate  till 
clear;  cool  rapidly,  if  necessary,  and  add  magnesia  mixture  slowly  from  a  burette, 
stirring  vigorously;  use  from  10  to  SO  oc  magnesia  mixture.  The  latter  is  suffi- 
cient for  30  per  cent  P>Oa  on  the  basis  of  0.4  gram  substance.  Add  ammonia  in 
sufficient  amount  to  insure  the  presence  of  3  per  cent  of  free  KHa  in  the  solution; 
stir  well  every  half  hour  and  filter  after  two  to  five  hours.  The  longer  time  is 
reqoired  when  the  amount  of  P>06  is  small.  Wash  and  ignite  in  the  ordinary  way. 
If  white  residues  are  desired  the  last  washing  should  be  made  with  a  solution  con- 
taining 2^  per  cent  NH3  and  about  40  per  cent  NH4NO3. 

Wiley  and  Run  van  (Jour.  Amer.  Chem.  Soc,  July,  1895)  recommend  the  addition 
of  a  phosphate  solution  of  known  strength  when  determining  P^Os  in  insoluble  resi- 
dues, etc.,  which  contain  less  than  5  per  cent  P^Os,  so  that  the  total  amount  present 
in  solution  will  be  equivalent  to  10  per  cent.  This  method  should  be  given  a  trial 
with  the  *4nsolubles"  of  samples  Nos.  2  and  3. 

5.  Citrate  method  as  executed  by  Glaser : 

(a)  500  grams  citric  acid  dissolved  in  500  oc  of  water. 

(b)  Magnesia  mixture  is  prepared  by  using  instead  of  magnesium  chlorid  an 
equivalent  amount  of  magnesium  sulphate. 

Dissolve  the  phosphate  and  take  aliquot  in  the  ordinary  way  except  for  insolubles; 
filter  solution  from  insoluble  residue  and  use  the  whole  amount ;  add  strons  ammonia 
in  excess  and  citric  acid  solution  from  a  burette  till  the  solution  is  Just  clear;  note 
the  amonnt  and  add  as  much  more;  cool  the  solution.  Be  sure  same  is  alkaline  and 
add  twice  as  much  magnesia  mixture  as  citric  acid.  If  more  than  5  cc  of  citric  acid 
have  been  used  the  magnesia  mixture  may  be  run  in  quickly.  Stir  vigorously  for 
several  minutes  and  let  settle  till  liquid  becomes  clear  and  stir  once  again.  Filter 
after  one  to  one  and  one-half  hours,  and  wash  with  2i  to  3  per  cent  ammonia.  For 
the  last  washing  use  a  few  drops  of  this  solution  made  strong  with  ammon.  nitrate. 

6.  The  method  of  Gladding  is  capable  of  giving  excellent  results,  and  it  is  the 
opinion  of  the  reporter  that  this  method  will  prove  of  more  value  to  the  association 
than  any  of  the  citrate  methods.    It  is  as  follows : 

Make  solntioii  and  take  aliquot  in  ordinary  way;  add  25  co  ammonia  sp.  gr.  0.9 
and  nitric  acid  sp.  gr.  1.42  till  acid;  place  beaker  and  contents  in  water-bath  at 
50^  C. ;  add  ordinary  molybdate  solution  from  a  burette  at  the  rate  of  three  drops 
per  second,  with  constant  stirring;  60  cc  may  be  added  in  five  minutes.  After  about 
10  cc  in  excess  has  been  added  allow  beaker  to  remain  in  the  bath  for  ten  minutes 
and  filter  through  a  weighed  filter  paper  (reporter  suggests  a  Gooch  crucible).  Test 
filtrate,  without  the  washings,  by  adding  5  cc  molybdic  solution  and  replacing  in 
bath  for  ten  minutes.  Wash  precipitate  with  nitric  acid  and  water  1 :  100 ;  three  gen- 
erons  washings  by  decantation  and  three  on  the  filter  and  a  final  washing  with  water 
are  sufficient.  Drain  paper  and  contents  for  a  few  minutes  on  filter  or  blotting  paper 
and  dry  to  constant  weight  in  oven  at  105^  C.  Use  double- walled  oven  containing 
dilute  glycerol  sp.  gr.  1.16  (or  saturated  brine  solution).  Start  drying  on  the  upper 
shelf  and  end  on  lower  shelf  of  oven.  The  drying  requires  three  or  four  hours.  The 
precipitate  contains  3.76  per  cent  P-iOs. 

If  you  do  not  care  to  do  all  the  work  outlined  above  and  can  undertake  part  it  will 
be  appreciated,  as  will  also  any  further  trials  of  th^  methods  or  modifications  that 
yon  may  care  to  undertake.  In  reporting  results  give  results  from  same  fiask  only 
on  the  same  horizontal  line  and  use  letters  a,  h,  c,  etc.,  to  indicate  same.    One  flask 
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•of  solation  will  be  suflicieiit  to  make  oue  test  by  several  of  the  methods,  and  in  this 
way  much  time  may  be  saved. 

In  reporting  results  please  give  approximate  date  of  making  the  analyses.     It  is 
^tesirable  that  the  work  be  done  witnin  three  months  after  receiving  the  samples. 
Plense  give  full  notes,  etc.,  of  variations  from  published  methods  and  send  report  of 
results  at  least  ten  days  before  the  next  meeting  of  the  association. 
Yours,  truly, 

H.  B.  McDonnell,  Reporter. 

Reports  have  been  received  of  the  work  of  seventeen  chemistSi  representing  eleven 
laboratories.  Most  of  the  chemists  reported  duplicate  or  triplioate  results;  some 
as  many  as  nine  determinations  by  the  same  method  on  one  sample.  For  lack  of 
space  and  to  facilitate  reference  only  the  means  are  given  in  the  tables.  The  results 
reported  by  the  various  analysts  are  as  follows : 

Table  I.— TOTAL  PHOSPHORIC  ACID. 


AualvHt. 


Official      v«i««,«*  '  Modified 
graviinet  I  ^°\!}™®*"  volumet-  Gladding 


rie. 


lie. 


Citrate. 


(«) 


(b) 
Glaser'a. 


Sample  A'o.  1. 


■C.  L.  Hare,  Alabama. 
J.  H.  Pratt,  Florida. . 
L.  H.  Merrill,  Maine. 


/V,-  cent. 
27.50 


-C.  Glaaer,  Baltimore,  Md | 


»  « 28. 7Ci 
»28.4l/ 


r.  B.  Bomlierger,  Maryland. 


Percent.    Percent.   Per  cent.  .Per  cent.    Percent. 

27.75  27.80    1 ' 

27.92  27.94  J i 

28..'i2 

«»  28.721 

•28.38   <     «28.08[i 

27.94J1 

•«27.78 

27.40    i  •'28.14 

■28.16. 


27. 7» 
28.09 


28.35 


W.  Skinner,  Maryland. 


r.  P.  VeiU-h,  Maryland 

W.  M.  Allen,  North  Carolina 

H.  K.  Miller,  Korth  CaroUna 

B.  W.  Kllgoro,  Xorth  Carolina 

C.  B.  Williams,  North  Carolina 

M.  S.  McDowell,  Pennaj'lvanla 

E.  G.  Runyan,  District  of  Columbia 
C.  H.  Jones,  Vermont 

F.  W.  WoU,  Wisconsin 

■J.  P.  Street,  New  Jersey 

Number  averaged 

Average 

Sample  Xo.  2. 

C.  L.  Hare,  Alabama , 

^.K.  Pratt,  Florida 

•  Omitted  from  average. 


27.85 

27.82 
28.00 
27.95 


27.35 
27.48 


27.30 
27.48 


27.85 


r»«27.44  ! 
I    '27.94 
28.00 


028.43 
27.55 


27.84 
27.90 
27.95 
27.04 

27.62 


•|- 


--{••:::::} 


28.16  I 
27.68 


27.59 
27.64 


28.08 

27.63 

27.38 

28.12 
27.70 


•«27.72 

'27.92 

28.11 


28.41  I 
f  •26.63J 
i    •26.81/ 

27.88  ' 


28.22 
27.63 
28.01 


28.47 
27.59 
28.14 


.1. 


27.79  I 


28.04 


11 

27.87  ' 


12 
27.66 


10  , 
27.68  ' 


27.  {5 


8 
27.91 


9 
28.11 


15.50 
15.54  ! 


15.74 
15.54 


15.81 
15.55 


15.62 


I  Before  ignition  with  HNO3.  Omitted  from  average. 
«  After  ignition  with  HNOj.  Omitted  from  average. 
>  Two  and  one-half  hours  drying.    Omitted  from  average. 

•  Four  hours  drying. 

»  Four  hours  drying,  wash  water  milky.    Omitted  from  averatre. 

•  St«od  2  hours.    Omitted  from  average. 

'  Stood  21  hours.    Omitted  from  average. 

•  Stood  24  hours. 

'Obtained  when  solution  made  hm  ]i«r  (a^)  page  12,  oftioial  metho<l. 


Omitteil  from  average. 
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Table  I.— TOTAL  PHOSPHORIC  ACID-Continued. 


Analyftt. 

Sample  2fo»  5— Contiimed. 

L.  H.  Merrill,  Maine 

C.  Glaser,  Baltimore,  Md 


Official     voluniet- 


^,  -.  .a  ^  I  CitniU). 

Modified  , _ 

volumet-  Gladding.  /i. 


I 


Glaser's. 


F.B.  Boiu1)er);er,  Marjiand. 


Per  cent.     Per  etnit. 
15.42  : 

•  >  15. 1 


I 


Percent.    Percent.  '  Percent.  •  Percent. 
...1 15.66  15.76 


f   -  •  10.  o»^ 
I      « 15. 65/  ' 


•M6.13 


15.28  I 


v.  Skinner,  Maryland 

F.  P.  Teitch,  Maryland 

W.  M.  Allen,  North  Carolina 

H.K.Miller,  North  Carolina 

6.  \T.  Kilgore,  North  Carolina 

€.  B.  Williams,  North  Carolina 

M.  S.  McDowell,  PcnnBjlvania 

£.  G.  Runyan,  District  of  Columbia.. 


15.40 
15.37 
15.63 
15.63 


15.35 
15.38 


C.  H.  Jones,  Vermont 

F.  W.  Woll,  Wisconsin 

J.  P.  Street,  New  Jersey. . . 

Number  averaged. . . . 
Arerage 

Sample  No.  S. 

€.L.  lUre.AJabama 

J.  H.  Pratt.  Florida 

L,  H.  Merrill,  Maine 

C.  Glaaer.  Baltimore,  Md . . . 


F.  B.  Bomber]ger,  Miuryland  . 


W.  Skinner,  Maryland 

F.P.  Veitch,  Maryland 

W.  M.  Allen,  North  Carolina 

H.  K.  Miller,  North  Carolina 

6.  W .  Kilgore,  North  Carolina 

C.  B.  Williams,  North  Carolina 

K.  S.  McDowell,  PeunsylTania 

£.  G.  Ranyan,  District  of  Columbia. 


C.  H.  Jones,  Vermont. 


F.  W .  Woll,  Wisconsin . . 
J.  P.  Street,  New  Jersey . 

N  umber  averaged . . 
Average 


•16. 11 
15.40 

M5.34 
15.27 
15.19 
15.61 


15.51 
15.61 
15.58 

•15.85 
15.34 

•  14. 66^ 
15.30J 
15.44 
15  55 


M5.25  , !<• 


15.42 
15.53 


M5.28|j 
•I5.54I. 
M5.63J, 


15.44  I 


15.44  I 


12 
15.46 


11 
15.47 


11.02 
11.41 
11.58  ! 
11.39 


•16.73 
15.42 


15.02 
•  15. 05 


15.26  I        15.41  , 


15.67  I 
15.44 

15.42 


15.66  j 
15.77  I 


15.59 


9 
15. 48 


15.  a 


7 
15.55  ' 


11.31  I 
11.45 
11.53  [. 
11.60  I 


11.32 
11.20 


I 


11.88 
11.44 
•11.28 
11.31 
11.40 
11.67 


11.48 
11.49 
11.46 

•12.14 
11.34 

•10.28^ 
11.34) 
11.18 
11.54 


11.00 
11.42  , 


11.52 


I ' 

»12. 12  11.74    . 

'  f    «11.16 

11.23  I <,    •11.25 

.35. 


.  <    •ll.S 

I  Mi.a 


11.35 
11. 25  ; 


I 


11.45  I 


11.31 
11.34 


13  I 

11.45 ; 


10 
11.38 


11.63 
11.54 


9 
11.36  I 


5 
11.51 


11.47 


8 
11.41 


15.47 


'•15.23 
15.47 


15.79 
15.43 

16.70 


15.67 


9 
15.58 


11.42 
11.58 
11.45 


11.34 
11.31 


•12.23  I        11.70  I        11.59  11.60 

11.39  ,        11.07  I        11.28  11.57 

11.43  11.60  11.38  '  11.48 


11.46 


9 
11.47 


*  Omitted  from  average. 

■  Before  ignition  with  HNO«.    Omitt«d  from  average. 
»  After  ignition  with  HNOi.    Omitted  from  average. 

■  End  point  Dot  distinct.    Omitted  from  average. 
'Stood  2  hours  at  60°. 

■  Stood  2  hours.    Omitted  from  average. 

*  Stood  21  hours.    Omitted  from  averag<'. 
'  Stood  21  hours. 

*  Obtained  when  solution  matlc  a«  per  (04),  pag«  12,  ofTiclal  method.    Omitted  fi-om  average. 
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Table  II.— SOLITBLE  PHOSPHORIC  ACID. 


Analyist. 


Sample  Xo.  f . 

C.  L.  Hare,  Alabama 

J.  H.  Pratt,  Florida 

L.  H.  Merrill,  Maine , 


C.  Olaaer,  Baltimore,  Md . 
W.  Skinner,  Maryland . . . 


.r^fmit  'volumet. 
gravunet-.      ,,,. 


F.  P.  Veitch,  Maryland 

M.  E.  McDonnell,  Pennsylvania 

M.  S.  McDowell,  Pennsylvania 

E.  6.  Rnnyan,  District  of  Colambia. . . 
C.  H.  Jones,  Vermont 


Number  averaged 

Average 

Sample  2fo.  S. 

J.  H.  Pratt,  Florida 

L.H.  Merrill,  Maine 

C.  Glaser,  Baltimore,  Md 

W.  Skinner,  Maryland 

F.  P.  Veitoh,  Maryland 

M.  E.  McDonnell,  Pennsylvania , 

M.  S.  McDowell,  Pennsylvania 

B.  G.  Runyan,  District  of  Colambia. 
C.H.  Jones,  Vermont 


Number  averaged  . 
Average 


Per  cent. 
12.49 
12.50 
12.56 
r  •M2.41 
^  1 12. 54 
12.87 

12.58 

12.80 

12.81 

12.53 

•11.63 


Percent. 


12.37 

12.93 

12.89 

12.41 

•11.78 


9 
12.62 


4 
12.65 


I 


6.26 
5.31 
5.21 
5.90 
5.79 
5.83 
5.84 
5.70 
•4.77 


8 
5.60 


5.71 
6.05 
5.85 
5.76 
•5.03 


4 

5.84 


Modified' 

volumet-  Gladding, 
ric.      ' 


Per  cent. 
12.41 
12.55 


<12.84 

*12.30 

[••12. 66 

^      12. 58 

12.81 

18.00 

12.48 

•11.57 


12.63 


5.28 


5.56 
5.82 
5.74 
6.09 
5.99 
5.84 
•5.07 


7 
5.76 


Peremt. 


12.48 

12.77 

•11.80 

•11.84 


3 

12.63 


<5.52 


5.65 
5.80 
5.44 
5.41 


Citrate. 


<«^       .GlaSr's. 


I 


I 

Per  cent,  i  Per  cent. 
'         12.44 


12.62 


5 
12.50 


5.86 
5.82 
5.65 
5.60 
5.46 
•4.64 


5 
5.56 


5 
5.68 


12. 3? 
12.48 


12.73  12.61 

12.49  12.60 

12.60  12.44 

•11.65  •11.73 


6 

12.48 


5.2a 


5.20 
5.70 


5.7a 

5.66 

5.70> 

•4.0& 


6 
5.5& 


•Omitted  &om  average. 
1  Before  igniting  with  HNO,. 
>  After  igniting  with   HNO|. 
average. 


*  End  point  not  distinct. 
4  Darkening  around  edge. 
Omitted   from         *Four    hours    drying,   wash    water    milky.. 
Omitted  from  average. 


Tablb  in.— INSOLUBLE  PHOSPHORIC  ACID. 


Analyst. 


Official 
gravi- 
metric. 


Volu- 
metric. 


Modified 
volu- 
metric. 


Gladding. 


Citrate. 


(a) 


(b) 
Glaser. 


Runyan 

and 
Wiley. 


Sample  Xo.  t. 

C.  L.  Hare,  Alabama. . 
J.  H.Pratt,  Florida... 
L.H.  Merrill,  Maine.. 


Per  cent. '  Per  cent. 

0.56   

.64  I 

.33  ' 

•.55 


C.  Glaser,  Baltimore,  Md {         '^  } 


W.  Skinner,  Maryland  Agri-  j  | 

cultural  College !  .73  j         0.60 

F.  P.  Veitoh,  Maryland  Agri-  |  | 

cultural  College |  .75  1  .76 

•  Omitted  from  average. 

1  Stood  4  hour  at  40  to  50o  before  filtenng, 


Percent.   Percent. 

0.47  j 

.54    


Percent. 


Percent. 


Per  eent^ 


0.53 


.72 


.49 


.52 


1.76  0.64  1        '0.63  I  >.82 

s  Stood  20  hours  before  filtering. 
*  Stood  8  hours  before  filtering. 
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Table  III.— INSOLUBLE  PHOSPHORIC  ACID-Continued. 


Axiolvst. 


Official 
gravi- 
metric. 


Volu- 
metric. 


Citrate. 


Modified  , 

volu-      Gladding. 

metric.  I 


(«) 


(6)     ,  R»^yy 

<-./„„'        I      nnd 
Glaaer.       ^^.j^^ 


10 

.B8 


^ampU  Xo.  f — Continued. 

M.  E.  ilcDonnell,  Pennsyl-    Per  cent. 

rania .94 

M.    S.  McDowell,    Penn.sjl- 

vaaia .67 

F.  G.  lionyan.  United  State.s 

Department  of  Agriculture .  .  51 

(.'.  H.  Jonea,  Vermont .41 

Number  of  analysta. . . 
Average 

Sample  Xo.  5. 

C.  L.  Hare,  Alabama 

J.H.  Pratt,  Florida. 

L.  n.  Merrill,  Maine. ! 

C.  Glaser.  Baltimore,  Md 

W.  Skinner,  Maryland  Agri- 
cultural College 

F.P.  Tcitch,  Maryland  Agri 
cultural  College 

M.  £.  McDonnell,  Pennsyl- 
rania 

M.  S.  McDowell,  Pennsyl- 
vania  

£.  G.  Banyan,  United  States 
Department  of  Agriculture 

C.  H.  Junes,  Vermont 

Number  of  analy»t« — 
Average 


Per  cent,  j  Per  ceiU.   Per  cent. 
.52 


2.28 
2.45 
2.39 
2.22 

2.39 
'"   }       2.26 

2.62 

2.68  I 

2. 20  j 
2.14 


0.48 


.51  I 


4| 
.56  I 


6 

.58  • 


1 
.48 


2.27 
2.25 


2.66  I 
2.59  < 


2.2i 
2.37 


2.31 
2.49  ' 


I 


2.25  k 
21   / 


2.40 

2.29 
•2. 
2. 

I 
2.63 

2.55 

2.  lU 
2.30 


2.43 
2.24 


2.16  , 

2.48 

2.37 

2.26 
2.22 


>2.10  I 

2.63 
2.47 


2.33 

t'2.07 


2.67 
2.42 


2.27 


10 
2.86 


9 
2.38  i 


5 
2.80 


4 
2.37 


2.41 


2.38 
2.47 


7| 
2.37  I 


2 

2.43 


*  Omitted  from  average.       ^  Stood  20  hours  before  filtering.       *  Stood  8  hours  before  filtering. 

These  results  are  abont  as  good  as  could  reasonably  be  expected  with  the  vol- 
nmetric  and  citrate  methods,  with  which  some  of  the  analysts  were  probably  not 
very  familiar. 

The  results  by  the  official  gravimetric  method,  however,  are  not  as  concordant  as 
they  should  be.  In  the  case  of  the  total  phosphoric  acid  the  difference  between  the 
highest  and  lowest  results  are  1.29,  0.92,  and  0.87  per  cent  on  samples  Nos.  1,  2,  and 
3,  respectively,  being,  approximately,  4.50,  6,  and  7.50  per  cent  of  the  total  present. 

The  results  show  that  the  volumetric  method  is  reliable,  and  that  the  modifica- 
tioDB  suggested  by  the  reporter  will  give  results  equally  as  good  as  the  method  as 
published,  and  is  considerably  simplified  by  doing  away  with  the  potassium  nitrate 
and  nitric  acid  washes  and  using  only  water. 

My  experiments  show  that  the  acid  substance  which  is  precipitated  more  or  less 
from  molybdate  mixture  and  which  is  generally  called  molybdic  acid,  but  which  is 
probably  a  hydrated  acid  ammonium  salt  of  molybdenum,  is  quite  soluble  in  water- 
nearly  as  much  BO  as  it  is  in  dilute  nitric  acid,  as  the  following  experiments  indiciite: 

1.  Precipitated  "molybdic  acid"  from  100  cc  molybdate  solution  by  adding  ammo- 
nia till  nearly  neutral  and  warming;  threw  the  precipitate  on  a  filter  and  washed 
with  water.     After  the  first  washing  the  precipitate  rapidly  dissolved,  and  was 
10328— No.  49 5 
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thrown  down  again  as  the  solution  mixed  with  the  first  washings.    When  filtrate 
meusured  450  cc  all  of  the  precipitate  on  the  filter  had  dissolved. 

2.  Precipitated  "molybdic  acid''  as  above;  filtered  and  washed  precipitate  several 
times  with  water;  then  collected  25  cc  of  the  filtrate  and  passed  it  over  the  precipi- 
tate twice;  evaporated  the  25  cc  to  dryness  and  heated  in  oven  to  drive  on  nitric 
acid,  and  titrated  with  the  standard  alkali  (as  used  in  determination  of  phosphoric 
acid)  and  found  that  13.2  cc  were  required  to  neutralize,  equivalent  to  52.8  cc  for 
100  CO  of  water.  This  result  is  evidently  too  low,  because  ammonium  nitrate  was 
still  present  and  retarded  the  solution. 

3.  Precipitated  ^'molybdio  acid"  as  above  and  brought  an  equal  amount  of  the 
precipitate  on  each  of  four  10  cm  filters  till  they  were  nearly  full  of  the  precipitate ; 
washed  two  with  water  and  two  with  nitric  acid  wash  solution.  Four  washings 
(total,  110  cc)  of  the  latter,  and  five  of  the  former  (total,  135  cc)  were  required  to  dis- 
solve the  contents  of  each  filter. 

When  it  is  remembered  that  in  washing  with  nitric  acid  we  introduce  much  more 
acid  than  is  removed  in  the  operation,  and  which  must  in  turn  be  washed  out  with 
other  washes,  the  saving  of  time  is  apparent. 

The  citrate  methods  give  fair  results  and,  no  doubt,  would  be  useful  to  some.  The 
method  as  carried  out  by  Glaser  shows  no  advantage  over  the  simpler  method. 

Citrate  methods  have  a  tendency  to  give  low  results  when  small  amounts  of  phos- 
phoric acid  are  present.  The  method  proposed  by  Runyan  and  Wiley  for  overcom- 
ing this  difficulty  by  adding  a  known  amount  of  phosphoric  acid,  in  the  form  of  a 
soluble  phosphate,  to  each  determination  and  subtracting  it  from  the  final  result 
has  been  tried  by  but  two  analysts.  These  results  do  not  indicate  the  necessity  for 
this  precaution. 

The  results  on  insoluble  phosphoric  acid  are  not  very  satisfactory  on  sample  No.  2. 
The  difference  between  the  highest  and  the  lowest  results  is  0.42  per  cent,  which  is 
73  per  cent  of  the  average.  On  sample  No.  3  the  results  are  better.  Diifenmce 
between  highest  and  lowest  is  0.39  per  cent,  which  is  16  per  cent  of  the  average. 

NOTES   OF  ANALYSTS. 

C.  L,  Hare,  Al^ama, — The  volumetric  method,  as  modified  by  the  reporter,  gives 
satisfaction  with  all  who  have  tried  it  here.  The  only  objection  is  the  end  reaction 
with  phenolphtalein.  It  is  not  sharp  enough.  This,  however,  may  be  overcome  in 
a  degree  by  usiug  small  equivalents.  The  error  occasioned  by  this  use  of  smaller 
amounts  is  counterbalanced  by  the  smaller  error  in  readiug  the  end  reaction. 
The  chances  for  error  in  the  method  are  much  loss  than  in  the  gravimetric. 
I  find  tbe  ordinary  funnel  and  filter  paper  holds  better  than  platinum  cones  with 
asbestus,  or  Gooch  crucibles  with  disk  of  filter  paper. 

X.  H,  Merrill y  Maitie, — I  have  been  unable  to  get  a  sharp  end  reaction  with  the  vol- 
umetric method,  the  color  disappearing  so  gradually  that  it  was  impossible  to  read 
within  a  cubic  centimeter. 
F,  P,  Veitch,  Maryland.-- 
Official  method :  Precipitates  made  white  by  using  a  solution  of  2^  per  cent 

ammonia,  containing  20  per  cent  ammonium  nitrate  before  it^nition. 
Volumetric  method:  Used  Gooch  crucible  with  two  disks  of  filter  paper  for  fil- 
tering; 225  CO  wash  water  in  all  cases  freed  precipitate  of  acid.    Would  sng- 
fest  that  for  percentages  above  18  and  below  2  a  little  longer  time  in  the 
ath  would  be  advisable;  say,  eight  to  ten  minutes.     Used  standard  snl]>huric 
acid  for  titrating. 
Modified  volumetric  method :  Filtered  same  as  in  method  above ;  250  cc  wash 
water  sufficient  in  all  cases.    Results  on  reporter's  samples  confirm  quite  a  lot 
of  work  on  other  samples  by  this  modification,  which  I  prefer  to  the  regular 
Yolumetric. 
Citrate  method :  Used  about  twice  as  much  magnesia  mixture  as  required  to 
precipitate  the  phosphoric  acid  present.    The  use  of  the  blast  in  the  final 
Ignition  in  this  method  seems  to  be  necessary,  otherwise  results  are  too  high. 
Results  on  insolubles,  even  after  long  standing,  are  a  little  low. 
Citrate  method,  Glaser's  modification :  No  advantage  over  other  citrate  method 
except  in  making  up  citric  acid  solution.    Precipitates  came  down  slowly. 
Did  not  stir  constantly  for  half  an  hour,  but  for  three  to  five  minutes  five  or 
six  times  in  three  hours. 
Gladding  method :  There  is  danger  of  loss  in  neutralizing  the  great  amount  of 
strong  amjnonia  added.    Gooch  crucible  and  two  disks  of  filter  paper  used  for 
thofiltratioD.    Washed  more  than  recommended,  which  does  not  seem  to  be 
sufficient.    Washed  about  150  cc,  or  till  neutral  to  litmus. 
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B.  JT.  Kilgore. — The  volumetric  method  has  proved  to  be  entirely  satisfactory  in 
the  hands  of  all  the  'workers  iu  this  laboratory. 

E.  G,  Runyan, — Results  by  weighing  ammouium-phospho-molybdate  were  very 
nnsatisfartory.  On  filtering  through  paper  and  washing  as  directed,  the  filter  was 
partially  oxydized  during  the  process  of  drying.  When  a  Gooch  was  used  and  the 
precipitate  washed  with  dilute  acid  the  results  appeared  to  be  too  high,  while,  if 
the  final  washing  was  made  with  water,  some  of  the  precipitate  always  ran  through 
the  filter. 

J.  P.  Street, — I  had  little  difficulty  with  any  of  the  determinations,  except  with 
those  on  sample  1,  where  I  had  considerable  trouble  in  getting  satisfactory  results, 
especially  with  the  official  method. 

During  the  past  season  I  have  used  a  method  for  phosphoric  acid  which  has  given 
very  satisfactory  results.  It  is  the  Kilgore  method  with  a  few  modifications.  The 
following  is  the  mode  of  procedure : 

Treat  2  grams  of  the  sample  with  5  cc  of  magnesium  nitrate,  evaporate,  ignite, 
and  dissolve  in  hydrochloric  acid.  Take  an  aliquot  portion  of  the  solution  (equal 
to  0.25  gram),  5  cc  of  concentrated  nitric  acid,  then  neutralize  with  ammonia  and 
clear  with  a  few  drops  of  nitric  acid.  Heat  on  the  water  bath  to  the  temperature 
of  60  to  65°  C,  add  50  cc  of  freshly  filtered  molybdic  solution  for  each  decij^ram  of 
P/^',  present,  and  digest  at  this  temperature  for  twenty  minutes.  Proceed  as  indi  ca  ted 
under  (2)  (6i)  in  Bmletin  46,  United  States  Department  of  Agriculture,  page  14. 

I  found  that  solution  in  nitric  and  hydrochloric  acids  would  not  always  answer, 
80  I  used  the  magnesium  nitrate  uniformly  on  all  samples.  Six  minutes'  heating  in 
many  cases  will  not  precipitate  the  ammonium-phospho-molybdate ;  the  time  I 
indicate — twenty  minutes — sufficed  in  every  case.  For  some  reason  or  other,  by  this 
method  less  water  is  needed  to  thoroughly  free  the  precipitate  from  all  traces  of 
acidity ;  100  cc  were  ample  in  every  case.  The  tabulated  comparative  results  whicli 
I  inclose  were  all  obtained  by  this  modification. 

Comparative  results  with  326  samples  are  given,  as  follows : 

Total  phosphoric  acid,  276  samples —  Per  c«nt 

Average  by  official  gravimetric  method 10.70 

Average  by  volumetric  method 10.72 

Insoluble  phosphoric  acid,  50  samples — 

Average  by  official  method 2. 61 

Average  by  volumetric  method 2. 55 

KRCOMMRNDATIOXS. 

I  would  recommend  the  adoption  of  the  volumetric  method,  as  modified,  as  one  of 
the  official  methods.  Also  that  the  use  of  sulphuric  or  hydrochloric  acids  be  allowed 
for  the  standard  acid  as  well  as  nitric  acid. 

Amended  and  adopted  report  of  the  committee  on  recommendations  in  relation  to  phosphoric 

acid» 
It  is  recommended — 

(1)  That  the  volumetric  method  be  referred  to  the  reporter  for  1897  with  the  request 
that  it  be  further  investigated  with  a  variety  of  phosphatic  materials. 

(2)  That  on  page  14,  section  2,  nnder  (&),  the  time  of  digestion  be  made  ten  to  fif- 
teen minntes  instead  of  six  minutes  as  at  present ;  also  that  {h),  paragraph  2,  in  line 
6,  in  the  direction  for  washing,  the  following  be  inserted:  ''Wash  five  to  six  times 
with  water,  using  in  all  150  to  250  cc." 

(3)  That  the  methods  for  iron  and  aluminum  in  phosphates  be  referred  to  the 
reporter  for  1897. 

(4)  That  the  methods  of  determining  available  x)ho8phoric  acid  in  phosphatic  slags 
he  investigated  by  the  reporter  for  next  year. 

H.  J.  Wheeler, 
For  the  Committee  on  Becommendatione  of  Reporters, 

The  Pbbsidbnt.  The  next  thing  in  order  is  the  presentation  of 
papers.    Are  there  any  papers  to  be  presented? 
Mr.  Huston  read  a  paper  on  basic  slag. 


Digitized  by 


Google 


68 

AOnOir  OF  AKMONinH  OITBATE  AND  OITBIO  AOID  ON  BASIO  SLAG. 
By  H.  A.  Huston  and  W.  J.  Jonks,  Jr. 

In  view  of  the  yarions  methods  proposed  for  determining  the  available  phosphoric 
aoid  in  basic  slag,  it  may  be  of  interest  to  examine  the  action  of  the  sabstances  used 
for  the  purpose,  when  they  are  applied  nnder  different  conditions  of  time,  tempera- 
ture, quantity,  acidity,  and  concentration. 

Ill  the  work  here  reported  all  digestions  were  made  in  closed  flasks  placed  in  the 
digesting  apparatus  described  in  Bulletin  54,  Indiana  Agricultural  Experiment  Sta- 
tion, and  Wiley's  Agricultural  Analysis,  page  142. 

The  basic  slag  used  was  made  at  Pottstown,  Pa.,  and  contained  18.24  per  cent  total 
phosphoric  acid.    It  was  ground  to  pass  100-mesh  sieve. 

Unless  otherwise  stated,  100  cc  of  the  neutral  solvent^  110  cc  of  solution  cor- 
rected for  basicity,  and  2  grams  of  slag  were  used.  To  save  space  only  averages  are 
given.  Duplicate  determinations  were  always  made,  and  sometimes  the  number  was 
increased  to  four. 

As  some  of  the  proposed  methods  attempt  to  correct  the  basicity  of  the  slag  by  the 
addition  of  a  definite  amount  of  acid  before  the  addition  of  the  citrate  solution,  two 
series  were  made.  In  one  series  the  slag  was  treated  with  neutral  ammonium  citrate, 
while  in  the  second  series  enough  citric  acid  was  added  to  neutralize  the  basicity  of 
the  slag.  This  amount  of  oitrio  acid — 0.52  gram  of  citric  acid  per  gram  of  slag — was 
determined  according  to  Wagner's  method,  shaking  for  one-half  hour  5  grams  of  slag 
with  500  cc  of  1  per  cent  solution  of  citric  acid.  Further  investigation  of  this  step 
might  be  useful,  for  we  found  on  adding  the  above  amount  of  citric  acid — 0.52  gram 
per  gram  of  slag — to  a  fresh  portion  of  slag  and  shaking  one-half  hour,  that  the  mix- 
ture was  not  neutral,  but  contained  free  acid— only  0.362  gram  of  acid  per  gram  of 
slag  having  been  neutralized.  When  0.362  gram  of  citric  acid  per  gram  of  slag  was 
shaken  for  one-half  hour  with  a  fresh  portion  of  slag,  only  0.275  gram  of  citric  acid 
was  neutralized. 

Wishing  our  work  to  be  in  some  degree  comparable  with  that  of  Wagner,  we  used 
the  amount  of  citric  acid  indicated  by  the  first  titration — 0.52  gram  of  citric  acid 
per  gram  of  slag.  But  this  does  not  make  our  solution  the  same  as  Wagner's  solu- 
tion, which  contains  free  acid  before  adding  the  amount  required  by  the  results  of  the 
neutralization  test. 

I.— Influence  of  Time  of  Digestion. 

[Temperattire,  65°  C] 
Per  cent  phosphoric  add  dissolved. 


Time  of  digeatioB. 


\  hour.. 
1  honr . . 
2h(mn}  . 
3^  hoars 
6  hours  . 
7)  hours 
10  hours 


Series  I. 
Neutral 
citrate. 

6.90 

7.78 

8.52 

«.00 

9.15 

9.02 

9.56 

Series  II. 
Basicity 
corrected. 


9.61 
10.66 
11.18 
11.60 
11.86 
11.86 
11.82 


The  form  of  the  curve  is  very  similar  to  the  form  of  the  time  curve  for  phosphate 
of  liuie  in  bone  products. 

In  all  our  work  on  phosphates  we  make  the  time  curve  first.  So  far  as  possible 
we  wish  to  deal  with  completed  reactions.    In  this  case  the  solution  was  practically 
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complete  in  five  hours.    This  leogth  of  time  was  therefore  adopted  as  the  standard 
time  for  the  remainder  of  the  work. 

Even  when  the  basicity  is  corrected  by  the  addition  of  acid,  the  reaction  is  far 
£rom  complete  in  one-half  hour  even  at  a  temperature  of  65°. 

II.— Influence  of  Temperature. 

[Time,  five  honrs.] 

Per  cent  phoephorio  acid  dissolved. 


Temperatnre  of  digestion. 

Series  I. 
Neutral  cit- 
rate. 

Series  n. 
Basicity 
corrected. 

40°  C 

50OC 

650C 

8.10 
9.27 
8.90 
0.12 

8.88 

11.36 
11.46 
11.81 
11.91 
11.81 

750Q 

850C 

In  seventy-two  hours,  at  room  temperature,  about  25°  C,  with  neutral  solution  7.54 
per  cent  were  dissolved. 

It  will  be  seen  that  when  the  time  of  digestion  is  extended  to  five  hours  the  tem> 
peratnre  exerts  very  little  influence.  This  is  not  equivalent  to  saying  that  the 
temperature  would  not  exert  any  influence  in  the  cases  where  one-half-hour  diges- 
tions were  used. 

In  its  temperature  relations  slag  differs  radically  firom  the  phosphates  of  alumina 
and  iron,  and  also  bone,  and  South  Carolina,  Florida,  or  Tennessee  rock.  It  some- 
what resembles  precipitated  phosphate  of  lime  obtained  in  the  acid  process  of  glue 
making  when  the  latter  material  is  subjected  to  one-half-hour  digestion  at  various 
temperatures. 

III. — Influence  of  Acid  and  Alkali. 

[Time,  five  honrs.    Temperature,  65°  C.    Volume,  Series  I,  110  co ;  Series  II,  120  oc.] 

Per  cent  phosphoric  acid  dissolved. 


Amount  of  acid  or  alkali  added. 


2j;TamsciMcacid 

Igram  citric  acid 

0.5  gram  citric  acid 

0.2  gram  citric  acid 

Xotliin  g 

Ammonia  equivalent  to  0.2  gram  citric  ncid 
Ammonia  equivalent  to  0.5  gram  citric  acid 
Ammonia  equivaleot  to  1  gram  citric  acid  . 
Ammonia  equivalent  to  2  grams  citric  acid 


Series  II. 

Basicity 
corrected 
and  acid 
or  alkali 

added. 


12.41 
12.18 
12.07 
12.04 
11.85 
11.56 
10.92 
0.66 
8.02 


Twenty  grams  of  citric  acid  in  110  cc  water  dissolve  16.36  per  cent  (Series  I). 
Twenty-one  and  four  one-hundredths  grams  of  citric  acid  dissolved  in  120  cc  water 
dissolve  16.84  per  cent  (Series  II). 

One  hundred  and  ten  cubic  centimeters  ammonia  water  that  would  neutralize  20 
grama  of  citric  acid  dissolve  0.3  per  cent  (Series  I).    One  hundred  and  twenty  cnbio 
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centimeters  of  ammonia  water  that  would  neutralize  20  grams  of  citric  acid  and 
containing  1.04  grams  citric  acid  dissolve  0.96  per  cent. 

The  form  of  this  curve,  on  the  acid  side  especially,  resemhles  that  of  precipitated 
calcium  phosphate.  The  wide  divergence  of  the  two  lines  near  the  neutral  point  is 
rather  remarkable.  Points  of  the  same  actual  acidity  in  the  two  lines  are  not  in  the 
same  horizontal  position,  but  the  upper  line  is  always  too  high.  Whether  this  be 
due  to  the  larger  quantity  of  citrate  present  or  to  the  fact  that  there  is  9  per  cent 
more  water  present  in  the  case  of  the  high  results  is  a  question  that  is  now  under 
investigation. 

IV. — Influbncb  of  the  Quantity  oe  Slag  Used. 

[Time,  five  hours.    Temperatare,  65°.    Volume,  Series  1, 100  oc ;  Series  II,  110  cc.] 
Per  oent  phoaphorio  acid  dissolved. 


Quantity  of  slag  used. 


Series  I.  |  Series  II. 
, Neutral  oit-  Basicity 
,       rate.       I  corrected. 


0.5  gram I  12.36 

Igram ,  12.37 

2  grams 8.90 

4pi&ms 3.26 


12.41 
12.17 
11.81 
7.37 


The  curve  resembles  that  for  precipitated  calcium  phosphate,  and  differs  radically 
from  the  curves  for  all  other  materials  that  we  have  examined. 

v.— Action  of  Citric  Acid  on  Basic  Slag. 

Owing  to  the  pecaliar  action  of  citric  acid  on  the  slag,  which  has  been  mentioned 
above,  it  was  decided  to  study  the  action  more  in  detail.  The  factors  investigated 
were  the  effect  of  increased  time  and  temperature  on  the  amount  of  citric  acid  neu- 
tralized and  on  the  amount  of  phosphoric  acid  dissolved.  The  results  of  the  work 
appear  in  the  following  table : 

[Volume,  100  cc  of  2  per  oent  citric  acid.    Slag  used,  1  gram.] 


Time  of  digestion. 

Temper- 
ature. 

h  hour  .........•.•••... 

25 
25 
25 
25 
26 
65 
65 
65 
65 
65 

1  lionr  .....••...•....-. 

2  hours  -. 

3^  hours 

5  hours 

4  hour  

1  hour - 

2  hours -. 

3^  hours 

5  hours 

4  hour 

Neutral-    : 

ized  citric  I 

acid. 


Gram*. 

0.666 
.698 
.734 
.736 
.766 
.730 
.780 
.794 
.824 
.824 

1.124 


Phos- 
phoric 
acid  dis- 
solved. 


Per  eent. 
13.28 
14.25 
14.55 
12.50 
13.20 
12.36 
12.01 
11.04 
11.28 
7.64 
7.55 


'BoiUng. 


The  curves  show  that  the  amount  of  citric  acid  neutralized  varies  directly  with 
the  temperature  and  the  time  of  digestion.  The  amount  of  phosphoric  acid  remain- 
ing in  solution  at  65^  decreases  as  the  time  of  digestion  increases,  while  at  25^  the 
amount  of  phosphoric  acid  remaining  in  solution  increases  for  a  time  and  then 
decreases.    The  direction  of  the  lines  seems,  to  indicate  a  maximum  solubility  at 
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this  tumperature  of  aboat  15  per  cent  at  tlie  CDd  of  one  aud  oue-Lalf  hours.  At  65^ 
the  decrease  in  the  amount  of  phosphorio  acid  is  very  marked,  and  may  be  due  to  a 
eolation  of  the  tetrabaeic  phosphate  and  its  subsequent  conversion  into  tribasio 
calcinm  phosphate,  which  is  alleged  to  be  insoluble  in  dilate  citric  acid,  or  it  maybe 
dne  to  a  conversion  into  phosphate  of  iron  and  alumina.  All  acid  eolations  of  basic 
slag  give  off  sutphureted  hydrogen,  which  makes  the  reactions  even  more  complex. 
The  amount  of  citric  acid  neutralized  increases  more  rapidly  than  is  essential  to 
famish  the  acid  to  convert  the  tetrabasio  phosphate  into  the  tribasic  form.  Thus,  in 
four  and  one-half  hours,  between  the  end  of  one-half-hour  digestion  and  the  end  of 
five-hour  digestions,  0.0472  gram  of  phosphoric  acid  becomes  insoluble.  This  is 
equivalent  to  0.128  gram  of  tetrabasic  phosphate  of  lime.  To  convert  1  molecule  of 
c^alcium  oxid  in  this  amount  of  tetrabasic  phosphate,  or  0.0196  gram  calcium  oxid, 
into  calcium  citrate  would  require  0.048  gram  citric  acid.  The  actual  amount  of 
citric  acid  neutralized  in  the  time  given  was  0.094  gram. 

VI. — ^Comparison  of  Wagner's  Method  with  the  Official  Method. 

This  work  was  done  with  sample  received  from  Mr.  Yoigt.  The  sample  was  used 
in  the  same  state  of  division.  It  contained  some  metallic  iron.  Total  P^Os^  16.81 
Wagner's  reagents;  16.80  official  reagents. 


Series. 

Time 

Tern- 
ature. 

IK" 
ner  s 

re- 
solved 

Offi- 
cial re- 
agents 

dls- 
solved. 

Be- 
verted 

di/er- 
^ce, 

^» 

re- 
agents. 

Peret. 

Re- 
verted 

di«J>r- 

official 

re- 
agents. 

Pwci. 

Insol- 
uble 
by  dif- 
fer- 
enco, 
Wag- 
ner^ 
re- 
agents. 

Insol- 
uble 
bydif- 

ence, 
official 

re- 
agents. 

Insol- 
uble, 
Wag- 
ner^s 
re- 
agents. 

Per  et. 

Insol- 
uble, 
official 

re- 
agents. 

Ko.  1.  Wagner's  method,  acid 
citrate  (5  grama,  600  oo). 

Jftn. 
30 

17* 

Peret. 
11.60 
11.90 
11.55 

Pwet. 
11.78 
12.13 
11.80 

Peret 
6.12 
4.91 
5.26 

Pw  et. 
5.02 
4.67 
5.00 

PereU 

11.71 

11.90 

6.10  1    4.90 



30 

17* 

t 

No  2.  Official  citrate,  neutral. 

5.86 
5.60 
6.00 

5.96 
6.18 
6.18 

10.95  <  10.  Al 

r 

an.  BT  1  090  (5  crrams.  500  cc). 

11.12 
10.81 

10.62 
10.62 

i 

Average ' 

6.86 

6.11 

10.96 

10.69 

66 

}ra  3.  Official  method,  neutral      30 
citrate,  sp.  gr.  1.000  (2  grams, 

5.22 
6.i5 
6.26 

5.06 
5.41 
5.11 

11.59       11  71 

11.36 
11  55 

11.39 

100  00). 

1 

11    RQ 

1 

....... 

Average 

5.31 

5.10 

11.50 

11.61 

30 

63 

l?o.  3  (b).  Official  citrate,  neu- 
tral, sp.  gr.  1.090  (2  grams, 
100  ec). 

6.26 
6.30 
6.23 

6.00 
6.07 
S.  IS 

11.55     11.80 
11.51  1  11.73 
11.58     11.64 

1 

1 



Average ' 1 

6.  26       5. 08 

11.54  1  11-72 

1 

1 

The  material  is  not  ground  finely  enough  to  permit  close  agreements  of  duplicates. 
There  seems  to  he  no  advantage  in  Wagner's  molybdate  or  magnesia  solution.  The 
filtration  and  washing  of  the  phosphomolybdate  precipitate  was  very  tedioas  when 
directly  precipitated  in  the  citrate  solution.  A  comparison  of  set  2  with  set  3  shows 
that  a  change  of  volume  or  quantity  of  the  solvent  is  of  more  importance  than  a 
change  of  temperature.  If  the  sample  is  a  fair  one  a  much  larger  working  error 
thau  usual  must  he  allowed  if  the  material  is  to  be  analyzed  in  the  condition  in 
which  it  is  received. 

Laboratory  of  State  Chemist  of  Ixdian.a, 

Purdue  Vniveraiitj,  yorembei',  1896. 
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The  President.  Are  there  any  rem  arks  t 

Mr.  Goss.  1  would  like  to  say  that  I  consider  this  work  of  Professor 
Hasten  on  the  different  phosphates  as  extremely  important,  not  only  in 
the  fertilizer  work,  but  also  in  many  other  kinds  of  work — soil  work  for 
example — and  I  for  one  would  be  very  much  pleased  to  have  him  pub- 
lish it.    I  am  interested  particularly  in  this  iron  and  phosphate  business. 

Mr.  Whebleb.  I  am  interested  particularly  in  this  iron  and  alumi- 
num phosphate  business.  What  are  we  as  an  association  going  to  do  ? 
If  we  find  in  goods  phosphates  which  contain  as  high  as  38  percent,  in 
their  pure  condition,  of  reverted  acid,  which  is  of  no  use  to  plants, 
what  is  the  use  of  our  present  method  of  determining  reverted  acid? 
I  feel  that  we  shall  have  to  throw  the  whole  thing  overboard.  There 
has  got  to  be  an  entire  revolution.  I  would  like  to  hear  from  anybody 
in  this  association  who  has  had  any  experience.  I  understand  that  in 
France  they  claim  good  results,  but  it  is  surprising  how  inefficient  are 
these  phosphates. 

Mr.  Huston.  I  have  had  some  experience  in  the  field.  The  fact  is, 
we  must  be  a  little  careful  about  our  conclusions  in  regard  to  phos- 
phates and  aluminum  and  iron  in  the  field,  and  you  must  watch  the 
crop  a  little.  I  have  made  some  experiments  on  corn  which  show  phos- 
phate of  aluminum  to  be  the  most  valuable  phosphate  yet  put  on.  We 
have  done  some  greenhouse  work  on  potatoes  which  shows  up  very 
well.  We  have  done  some  other  work  on  roses  on  which  we  have  good 
results.  In  the  first  place,  the  question  of  reverted  phosphoric  acid  in 
the  natural  phosphate  of  aluminum  is  nonsense.  There  is  no  reverted 
acid  there.  There  is  not  any  of  the  material  once  soluble  and  no 
longer  so.  The  fact  is,  that  you  can  dissolve  all  of  that  material  in 
ammonium  citrate  excepting  small  traces.  It  is  the  same  old  thing;  the 
same  old  quantity.  You  will  either  use  not  enough  volume  or  fluid  or 
perhaps  not  enough  spirit  of  ammonia.  That  appears  to  be  a  very 
important  thing  so  far  as  the  commercial  relations  of  the  thing  are  con- 
cerned. It  is  between  the  man  who  sells  and  the  man  who  buys  it. 
When  that  material  goes  in  as  a  phosphate  in  the  ordinary  mixed  goods 
containing  not  a  total  of  43  to  48  per  cent,  but  a  total  of  only  13  per 
cent,  then  you  have  not  a  soluble  determination  in  the  mixed  goods. 
You  are  not  working  on  two  drams.  You  are  working  upon  about 
one-half  a  dram,  from  which  you  would  dissolve  in  the  neighborhood 
of  42  per  cent  out  of  48  of  the  total.  That  is,  you  come  near  making  a 
44  determination  of  what  is  left.  The  trouble  is  not  in  the  mixed 
goods.  I  do  not  think  the  question  is  in  the  form  of  the  agricultural 
value.  The  question  is  the  trouble  between  the  man  who  sells  and  the 
man  who  buys. 

Mr.  Wheelee.  I  would  like  to  ask  the  gentleman,  in  consideration 
of  all  his  results,  if  he  thinks  it  is  desirable  for  this  association,  in  the 
light  of  what  knowledge  we  now  have,  to  continue  the  use  of  ammonium 
citrate  in  conducting  the  determinations  as  we  now  do  for  determining 
the  real  worth  of  commercial  fertilizers,  particularly  where  a  valuation 
is  placed  upon  the  goods! 
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Mr.  Huston.  Yes ;  I  think  it  is  desirable  to  continue  it  just  as  we  do^ 
until  we  have  a  good  reason  for  changing  it.  I  believe  we  had  better 
keep  what  we  have.  It  is  the  best  we  know.  We  will  try  to  get  some- 
thing better  if  we  can. 

The  President.  Have  you  had  any  experience  with  Wagner's  method  f 

Mr.  Huston.  Ko;  I  have  not  used  that  at  all. 

Mr.  Wheeler.  Every  member  of  this  association  feels  this  is  one  of 
the  most  valuable  pieces  of  work  undertaken  by  this  association  in  some^ 
time,  and  I  hope  Professor  Huston  will  publish  his  result^.  I  feel  that 
we  must  have  something  better  just  so  soon  as  possible,  or  take  some 
step  to  eliminate  the  errors  and  difficulties  which  come  in.  I  hope  that 
his  work  will  be  published  as  soon  as  may  be,  so  we  may  have  that  as  a 
basis  upon  which  to  start. 

Mr.  Huston.  I  referred  to  the  matter  of  publication  last  year  and 
stated  one  reason  I  did  not  publish  it  was  because  I  had  no  complete 
analyses  of  raw  phosphates.  I  asked  whether  anyone  had  these,  and 
have  not  heard  from  them.  I  would  like  a  complete  analysis  of  these 
materials  before  I  publish  it.  The  work  is  ready  to  publish  as  soon  as 
we  can  get  a  complete  analysis. 

The  President.  The  association  would  be  much  pleased  if  this  work 
of  Professor  Huston's  were  published  in  a  form  that  would  be  accessible^ 
to  us  all. 

Mr.  McDonnell.  I  have  a  t)aper  by  Mr.  Veitch  which  I  would  like 
to  present. 

THE  AMOUNT  OF  WASHUJa  EEQUIEED  TO  EEMOVE  THE  PHOSPHOEIO 

AOID  EEHDEEED  SOLUBLE  BT  DIGESTION  WITH  AMMONIUM  OITEATE 

AT  65°  0. 

By  F.  P.  Veitch. 

The  amonnt  of  washing  to  be  given  the  insoluble  residue  from  the  treatment  with 
ammonium  citrate  has  never  been  considered  by  this  association^  so  far  as  I  kuow% 
although  the  subject  has  been  brought  to  its  notice  at  least  twice  (Bull.  31,  p.  113,  and 
Bull.  35,  p.  37,  Div.  Chem.,  U.  8.  Dept.  Agr.). 

The  determination  of  insoluble  phosphoric  acid  is  the  determination  upon  which 
there  is  the  greatest  diflTerence  in  results  among  chemists  engaged  in  the  fertilizer 
control.  Being  desirous  of  knowing  how  much  this  difference  may  be  due  to  differ- 
ences in  the  amounts  of  wash  water  used  to  remove  the  phosphoric  acid  rendered  solu- 
ble by  the  treatment  with  ammonium  citrate,  fifteen  samplesof  fertilizers,  representing 
the  commonly  occurring  goods  on  our  market,  were  treated  as  usual  until  the  ammo- 
nium citrate  was  filtered  from  the  residues.  The  residues  were  then  washed  with 
lOO  cc  of  water  at  65°  C.  These  washings  were  thrown  away,  the  residues  further 
washed  until  four  portions  of  100  cc  each  had  passed  through  the  filters;  the  phos- 
phoric acid  was  then  determined  in  these  four  sets  of  washings,  with  the  following 
results. 
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Table  l.—Pei-  cent  of  PiO^  removed  by  waehing. 


No. 


Bemoved  by  each  100  cc  of  ▼ash  water. 


Fertiliser. 


Second.  Third.   Fourth.    Fifth. 


Dissolved  South  Carolina  rock 

..do 

3  Dissolved  South  Carolina  rock  and  poi»ah . 

4    do 

5  Dissolved  rock,  fish,  and  potash 

6  Dissolved  animal  hone 

7  ] do 

8  1  Animal  bone  and  potash 

0    Bone  tankage 

10  \  Complete  fertilizer 


11  j do 

12  do 

13  I  Complete  raw  bone  base  . 

U! do 

16  ; do 


Average  . 


Total. 


0.013 

0.088 

.020 

.109 

.010 

.131 

.015 

.241 

.020 

.288 

.023 

.244 

Insoln* 

ble 
found, 
washed 
to250cc. 


.030 
.018 
.018 
.043 
.046 
.055 
.025 


I 


.026 


.199  ' 
.226  I 
.396-1 
.286 
.204 
.434  ' 
.305  , 
.339 
.270  I 


1.05 
.80 
.94 
2.56 
1.53 
2.65 
1.11 
3.35 
6.19 
2.47 
4.42 
2.30 
4.80 
6.52 
5.34 


.251 


From  the  results  it  appears  that  an  average  of  0.251  per  cent  of  phosphoric  acid 
was  removed  from  the  samples  by  the  four  washings  of  100  cc  each,  over  half  of 
which  (0.129  per  cent)  was  removed  by  the  second  100  co  of  wash  water.  This  shows 
that  practically  all  the  dissolved  phosphoric  acid  was  removed  in  the  first  200  cc  of 
wash. 

A  set  of  samples  was  weighed,  soluble  extract-ed  as  usual,  treated  with  ammonium 
citrate  (1.09  sp.  gr.)  for  half  an  hour  at  65^'  C,  filtered,  and  the  residues  washed  until 
the  filtrate  and  washings  amounted  to  250  cc.  The  flasks  were  then  changed  and 
the  residues  further  washed  until  100  co  of  water  had  run  through  each.  The  phos- 
phoric acid  was  determined  in  these  last  washiugs,  with  the  following  results : 

Table  II. — Per  cent  of  P^Oa  removed  by  TOO  cc  water  after  ieaahing  with  150  cc  HxO, 


No. 


Fertilizer. 


SS?^.^»- 


1  1  Dissolved  South  Carolina  rock 

2  ! do 

3  I  Dissolved  South  Carolina  rook  and 

I      potash 

4   do 

5  I  Dissolved  rock,  fish,  and  potash  . . . 

6  Dissolved  animal  bone 

7   do 

8  Animal  bone  and  potash 


I 


0.030 
.041 


10 

'  11 

.041  I  12 

.045  ,  13 


Fertilizer. 


Bone  tankage 

Complete  fertilizer 

do 

do 

Complete  raw  bono  base  . 


.do. 


.045  I  14   I do 

.068  I  15  i 
.033 

.058  ' 

I 


Average  . 


PtOar.v 
moved. 


0.068 
.010 
.075 
.045 
.063 
.068 
.055 

.051 


111  no  case  was  as  much  as  0.10  percent  phosphoric  acid  removed  by  this  extra 
washing.  It  will  be  noticed,  however,  that  the  amount  is  much  greater  in  those  con- 
taining animal  matter. 

While  the  amounts  removed  even  by  as  prolonged  washing  as  in  the  first  experi- 
ment are  small,  yet  differences  in  the  amount  of  washing  the  insoluble  residue  by 
different  analysts  may  account  partly  for  the  differences  in  results  on  insolubles.  In 
view  of  this  possibility  it  might  be  advisable  for  the  association  to  set  the  amount 
that  the  insoluble  residues  shall  be  washed. 
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Mr.  WiLET.  I  have  a  paper  here  from  Mr.  Gladding,  who  has 
requested  me  to  bring  it  before  the  association. 

Disonssioir  as  the  estimatiok  of  fhosphosio  aoid. 

By  T.  S.  Gladding. 

The  following  work  may  prove  of  interest  to  the  members  while  considering  the 
subject  of  the  Pemberton-Kilgore  method  of  estimating  phosphoric  acid : 

A  standard  solntion  of  microcosmic  salt;  10  grams  per  liter,  was  taken  for  test 
experiments.  A  series  of  determiDations,  using  25  cc  of  solution  containing  0.250 
gram  salt  was  made  by  two  methods.  First,  the  gravimetric  method  published  by 
my  self  (Journal  Amer.  Chem.  Soc,  Vol.  XVII,  No.  1),  and  second,  by  the  volumetric 
or  Pemberton-Kilgore  process.  The  microcosmic  salt  was  the  same  salt  that  was 
used  in  the  work  on  the  gravimetric  estimate  of  P^Oa  as  phosphomolybdate  of  ammo- 
nia, and  the  results  are  comparable  with  those  obtained  at  that  time.  All  results 
are  calculated  to  percentage  results. 


Grafimetrlc       {        Yoltimetrio 
method.  j  method. 


to£k.      Theory.      ,^4_      Theory, 


A  number  of  comparative  tests  of  fertilizers  have  also  been  made. 


Series. 


1 
2 
3 
i 


PsOs  found. 


Oravimet-  Yolnmetric 
rio  method,     method. 


Ptrcent.   \ 

16.66 

16.00  \ 

1.22 

1.11 


I 


Per  cent. 
16.60 
16.  M 
1.19 

1.11 


It  was  also  found  that  the  yellow  salt  after  drying  at  105^  C.  could  be  titrated 
with  good  results.  Although  the  blue  color  of  the  solution  was  very  pronoanced,  yet 
by  diluting  considerably  and  using  a  strong,  clear  light  a  very  sharp  reaction  could 
be  obtained.    The  results  were  as  follows : 


PsOs  fouud. 


Series. 


P,Og  found. 

weighing  I  »y**i"^*- 
salt.         "*""* 


9 

10 ' 

" I 

12 ' 

» I 

14 ' 


Per  cent. 
15.30 
11.00  ! 

0.85 
19.48 
30.12 
30.01 

3.24 


Per  cent. 
15.38 
11.12 

0.88 
19.48 
80.15 
30.00 

8.30 
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These  results  are  very  accordant,  and  prove  the  uniform  composition  of  the  yellow 
precipitate  when  precipitated  according  to  directions  given  in  my  paper.  But  it 
was  found  that  when  the  molybdate  solution  was  added  all  at  once  or  suddenly  to 
the  solution  an  excess  of  precipitate,  when  dried  and  weighed,  was  obtained.  The 
occluded  impurity  does  not  seem  to  interfere  with  the  accuracy  of  the  volumetric 
process  when  titrated  without  previous  drying.  Its  nature  has  not  yet  been  deter- 
mined. For  gravimetric  work  a  gradual  addition  of  phosphomolybdate  solution  is 
essential. 

In  all  the  results  given  above  the  filtering  was  done  rapidly  by  means  of  a  pump, 
and  three  or  four  washings  of  20  co  each  were  found  sufficient  to  remove  nitric  acid 
from  the  yellow  precipitate.  At  this  point  a  very  important  difficulty  was  experi- 
enced. On  one  occasion  several  precipitates  were  given  to  an  assistant  to  filter  and 
wash  until  the  washings  were  no  longer  acid,  as  per  instructions  given  in  method  of 
1895  meeting.  He  reported,  after  some  time,  that  the  washings  continued  acid.  An 
inspection  revealed  the  fact  that  the  precipitate  was  clearly  dissolving  in  the  water 
employed  for  washing. 

A  very  thorough  examination  into  the  matter  seems  to  show  that  after  all  the  nitric 
acid  has  been  removed  from  the  yellow  salt  a  decided  solvent  action  is  exerted  upon 
the  yellow  salt,  such  solvent  action  increasing  with  the  amount  of  the  precipitate 
and  with  the  time  of  exposure  to  the  water. 

Thus,  after  washing  with  the  pump,  as  described  above,  a  further  washing  with 
150  cc  of  distilled  water,  using  about  2  grams  of  yellow  precipitate  and  taking  about 
an  hour  for  the  filtration,  dissolved  0.0013  gram  P3O5;  a  second  treatment  with. 
250  cc  water  dissolved  0.0025  gram  PjOa.  The  yellow  salt  was  now  shaken 
with  water  for  some  hours  and  allowed  to  stand  overnight.  One  hundred  cubic  cen- 
timeters of  clear  filtrate  was  found  to  contain  0.0063  gram  FjOa.  The  same  salt  was 
now  treated  in  the  same  way  with  1  per  cent  nitric  acid  solution.  One  hundred 
cubic  centimeters  were  found  to  contain  0.003  gram  PiOs.  In  like  manner  100  cc  of 
10  per  cent  KNO3  solution  when  saturated  in  same  way  were  found  to  contain  0.004 
gram  PsOs.  In  two  cases  the  water  washings  came  through  a  perfectly  clear  solu- 
tion, yet  decidedly  yellow  in  color,  and  100  cc  of  washings  contained  0.010  gram 
PaOs.    In  this  work  all  ammonia  vapors  were  excluded. 

I  can  venture  no  explanation  of  these  singular  experiences,  so  widely  different 
from  the  results  obtained  by  Kilgore  and  others.  They  show  that  when  the  yellow- 
salt  is  washed  too  long  a  decomposition  or  solution  in  water  seems  to  take  place  that 
may  seriously  interfere  with  the  accuracy  of  the  results.  Either  some  very  strict 
directions  as  to  washing,  limiting  the  time  and  amount,  or,  still  better,  the  fijiding 
of  some  neutral  washing  liquid  that  will  not  exert  this  solvent  action,  would  seem 
to  be  necessary.  The  trouble  which  I  have  experienced  is  certainly  a  very  remark- 
able one  and  requires  explanation  before  the  method  can  be  considered  as  reliable. 

Mr.  McDonnell.  There  is  a  point  right  here  I  do  not  understand  in 
regard  to  the  use  of  nitric  acid.  What  is  the  advantage  of  using  nitric 
acid  as  a  wash  when  we  must  use  the  same  amount  of  water  to  wash 
out  the  nitric  acid!  That  is  a  question  which  has  been  presented  to 
the  association  before  in  considering  the  washing  of  this  yellow  precipi- 
tate with  ammonium  nitrate.  It  was  shown  by  experiments  of  several 
members  of  this  association,  by  comparing  results,  that  10  per  cent 
ammonium  nitrate  and  washing  with  pure  water  brought  practically 
the  same  results.  If  water  would  reduce  the  amount  of  phosphoric 
acid  present,  certainly  in  the  former  case  the  same  thing  would  take 
place. 

Mr.  Wheeler.  I  would  like  to  liear  from  Mr.  Kilgore  in  reply  to 
what  has  been  said. 
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Mr.  Ejx.aoBE.  The  question,  as  it  has  occurred  to  me,  in  the  work  I 
have  done  upon  this  method  and  upon  phosphoric  acid  in  general,  is 
that  in  our  regular  method  we  wash  with  water  and  do  not  lose  any- 
thing, because  the  washing  with  water  is  not  carried  to  a  sufficient 
extent.  I  consider  if  the  washing  were  carried  to  a  sufficient  extent 
we  would  lose.  In  the  washing,  after  washing  with  water  in  the  volu- 
metric method,  as  in  this  case,  it  is  not  carried  far  enough  for  this  sol- 
vent action  to  take  place.  As  to  the  use  of  nitric  acid,  I  feel  that  it  is 
hardly  necessary  to  say  more  than  I  have  said  in  my  rei)orts  of  the  last 
two  years.  The  nitric  acid  is  used  to  dissolve  molybdic  acid  precipitated. 
The  nitric  acid  was  used  to  remove  that,  then  the  dilute  potassium 
was  used  to  remove  the  nitric  acid,  and  then  the  continued  washing 
with  water  was  sufficient  to  remove— not  necessarily  to  remove  this 
potassium  nitrate — any  remaining  nitric  acid  that  might  be  there,  but 
not  carry  the  washing  to  a  sufficient  extent  to  dissolve  the  precipi- 
tate. Washing  with  250  or  300  or  sometimes  400  cc  will  not  affect 
the  precipitate.  I  consider  it  perfectly  safe  to  wash  with  300  cc  and 
usually  with  400,  but  I  would  not  hesitate  to  wash  with  300. 

Mr.  FBEAJt.  I  would  like  to  ask  a  question.  Have  you  proven  to 
your  own  satisfaction  that  after  washing  with  250  cc  of  water  you  get 
a  solution  which  is  not  acid  ? 

Mr.  KiLGOip;.  You  will  get  a  solution  which  is  very  slightly  acid. 
After  washing  with  potassium  nitrate  and  some  water  there  will  be  a 
very  slight  acidity.  I  reported  in  last  year's  proceedings,  you  will 
notice,  that  the  acidity  was  not  enough  to  affect  results.  I  combined 
the  washings  after  washing  first  with  nitric  acid  and  the  potassium 
nitrate,  and  I  then  washed  a  number  of  precipitates  and  made  these 
ill  triplicate;  used  several  and  then  evaporated  them  and  determined 
the  phosphoric  acid,  and  I  figured  that  and  found  it  only  amounted, 
where  I  used  a  liter  of  water,  to  0.200  per  cent.  It  is  only  very  slightly 
acid. 

Mr.  Fbear.  That  was  my  general  ree>ollection  of  what  Mr.  Kilgore 
said,  and  the  question  came  strongly  to  me  whether  it  would  not  be 
wise  to  so  modify  the  language  of  the  method  that  so  experienced  a 
chemist  as  Mr.  Gladding  would  not  be  misled  by  the  language  of  the 
method.  Say  "until  the  filtrate  is  no  longer  acid."  It  certainly  would 
be  misleading  as  it  is.  Would  it  not  be  sufficient  to  say,  "  wash  with  no 
more  than  250  cc  of  water?" 

Mr.  Kjlgorb.  That  was  practically  the  recommendation  I  made  last 
year. 

Mr.  Fbeah.  I  was  going  to  move  that  the  consideration  of  this 
wording  be  referred  to  the  committee  on  recommendations  when  they 
report. 

Mr.  Wiley.  I  would  like  to  present  a  paper  relating  to  phosphatic 
fertilizers. 
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THE  MEOHANIOAL  ANALYSIS  OF  BASIO  PHOSPHATIO  SLAGS. 
By  H.  W.  Wiley. 

Before  disoussing  the  subject-matter  of  the  paper  which  I  now  present  1  think  it 
desirable  to  give  a  short  sketch  of  the  earlier  literature  relating  to  basic  slags  and 
the  methods  of  their  valuation. 

In  1882,  while  examining  some  very  finely  ground  bone  in  the  laboratory  at  Purdue 
University,  Lafayette,  Ind.,  I  noticed  a  marked  solubility  of  the  phosphoric  acid 
therein  in  neutral  citrate  of  ammonia.  At  that  time  Mr.  H.  A.  Huston,  who  was  a 
Ktudent  in  my  laboratory,  was  directed  to  make  some  investigations  of  this  phenom- 
enon, and  the  results  of  his  work  were  incorporated  in  his  thesis  for  graduation,  and 
the  data  were  published  in  the  proceedings  of  the  agricultural  college  of  Indiana, 
Purdue  University,  for  the  year  1882. 

In  1886  Jensch  noticed  that  when  lime  and  tricalcium  phosphate  were  ignited 
together  and  the  resulting  mass  pulverized,  both  citric  acid  and  neutral  ammonium 
citrate  would  extract  phosphoric  acid  from  the  j^owder.     (Berichte,  vol.  19,  p.  3093.) 

In  1887  I  published  in  Agricultural  Science  (March  number)  an  article  on  the  use 
of  phosphorus  contained  in  iron  ores  as  a  fertilizing  material  after  the  conversion  of 
the  ores  into  iron  or  steel. 

In  1889  I  received  from  the  Pottstown  Steel  Works  a  sample  of  phosphatic  slag 
which  was  sent  me  under  the  name  of  cinder.  The  superior  merits  of  basic  phos- 
phatic slags  as  a  fertilizer  led  me  to  believe  that  they  might  be  largely  soluble  in  neu- 
tral citrate  solution.  I  therefore  had  this  sample  examined  by  Messrs.  McElroy  and 
Krng  with  that  object  in  view.  It  was  found  to  contain  20.20  per  cent  total  phos- 
phoric acid,  of  which  12.25  per  cent  were  soluble  in  neutral  ammonium  citrate,  the 
ofScial  solution  used  for  the  analysis  of  phosphatic  fertilizers,  ^n  account  of  this 
property  was  published  in  the  Journal  of  Analytical  Chemistry,  October,  1889. 
In  this  paper  it  is  stated:  ''From  the  above  results  it  is  seen  that  in  the 
phosphate  slag  we  have  a  form  of  phosjihoric  acid  equivalent  in  value  to  a  first-class 
superphosphate.'^ 

Petermann,  in  1889,  called  attention  to  the  fact  that  the  calcium  phosphatic  lime- 
stone gives  up  phosphoric  acid  to  a  citrate  Rolution.  (Chemisches  Central-Blatt, 
1889,  vol.  2,  p.  1036.) 

In  1890  Jensch  proposed  the  use  of  citric  acid  for  the  separation  of  tetra  from  tri- 
calcium phosphate.' 

In  1892  Foerster  published  the  statement  that  tetracalcinm  phosphate  is  easily 
soluble  in  ammonium  citrate  solution.^ 

Wagner  proposed  a  special  ammonium  citrate  solution  having  an  excess  of  citric 
acid  as  a  solvent  for  the  tetracalcinm  phosphate  in  basic  slags,  and  published  an 
account  of  it  in  1893.^ 

Since  then  the  literature  on  this  subject  is  very  extensive,  and  it  would  be  useless 
to  attempt  to  cite  the  papers  which  have  been  published.  It  appears  from  a  study 
of  the  literature  that  the  first  published  account  of  the  application  of  ammonium 
citrate  as  a  method  of  valuing  the  availability  of  phosphatic  slag  was  made  from  this 
laboratory  in  the  paper  published  in  the  Journal  of  Analytical  Chemistry  above 
noted.  For  some  reason,  however,  the  method  itself  is  universally  known  as  the 
Wagner  process. 

Experience  has  shown  that  the  official  method  of  determining  available  phosphoric 
acid  applicable  to  the  reverted  phosphoric  acid  in  superphosphates  is  of  little  value 
when  applied  to  phosphatic  slags.  The  composition  of  phosphatic  slags  has  been 
previously  described  by  Krng  and  myself.  *    It  is  evident  that  the  tetrabasic  lime 


1  Zeitschrift  fUr  Angewandte  Chemie,  1890,  p.  504. 
2Zeit8chrift  fUr  Angewandte  Chemie,  1892,  No.  113. 
'Chemiker  Zeitung,  vol.  13,  p.  1153. 
Mour.  Anal,  and  Applied  Chemistry,  vol.  5,  p.  685. 
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phosphate  is  lees  stable  than  the  tricalcinm  phosphate,  and  hence  the  phosphoric 
acid  which  it  contains  is  more  readily  given  up  to  the  growing  plant.  When  a  basic 
phosphatic  slag  is  treated  by  neutral  ammonium  citrate  in  the  regular  official  man- 
ner, the  quantity  of  phosphoric  acid  which  passes  into  solution  is  far  less  than  the 
available  content  of  phosphoric  acid  as  indicated  by  the  effect  of  the  fertilizer  upon 
a  growing  crop.  For  this  reason  other  methods  of  determining  available  phospho- 
ric acid  have  been  proposed,  and  the  one  now  in  use  is  known  as  the  Wagner  process, 
in  which  a  strongly  acid  ammoniam  citrate  solution  is  used  as  a  solvent.^  The 
method  of  solution  employed  is  a  purely  arbitrary  one,  but  gives  results  comparable 
to  the  effects  produced  in  the  field. 

The  action  of  this  solvent  on  phosphatic  slags  is  very  different  ibr  different  sam- 
ples. In  some  cases  almost  the  whole  of  the  sample  is  composed  of  pure  tetracal- 
ciuin  phosphate,  and  in  these  instances  the  solvent  action  of  the  reagent  in  very 
high.  In  other  cases  the  sample  may  contain  tricalcinm  phosphate,  particles  of 
siliceous  slags,  and  also  of  iron  and  steel.  In  these  instances  a  low  solvent  action  is 
noticed.  It  therefore  has  seemed  desirable  to  supplement  the  chemical  analysis  of 
the  slags  with  a  mechanical  separation.  For  particles  of  one-tenth  of  a  millimeter 
in  -diameter,  and  above,  this  separation  is  easily  effected  in  a  series  of  sieves,  the 
finer  sieves  being  made  of  bolting  cloth.  It  is  evident  that  a  further  separation  of 
the  fine  particles  can  not  be  secured  by  water,  by  reason  of  the  action  of  this  reagent 
upon  the  free  lime  which  the  slag  contains.  About  four  years  ago  I  made  some 
experiments  looking  to  the  substitution  of  alcohol  in  the  place  of  water  in  the 
mechanical  analysis  of  soils.  The  preliminary  experiments  succeeded  so  well  that 
it  was  deemed  advisable  to  use  alcohol  for  securing  the  separation  of  the  finer  par- 
ticles of  the  slag.  The  separations  were  made  for  me  by  Mr.  C.  C.  Moore,  of  the 
laboratory  staff.    The  method  of  procedure  is  as  follows : 

From  20  to  50  grams  of  the  slag  are  placed  in  a  shaking  bottle  and  vigorously 
agitated  for  a  few  minutes  on  a  milk-shake  machine.  This  treatment  serves  to  break 
up  all  the  flocculates  the  sample  may  contain.  The  sample  is  placed  in  beakers 
entirely  similar  to  those  which  are  used  in  the  mechanical  separation  of  the  soils  by 
the  subsidence  method.  At  first  it  was  only  desired  to  secure  two  series  of  separates 
of  the  fine  particles,  and  these  were  obtained  by  an  arbitrary  time  standard  of  subsi- 
dence. All  the  particles  which  remained  in  suspension  in  a  column  of  15  centimeters 
uf  alcohol  for  five  minutes  were  collected  together  and  marked  as  separate  No.  5. 
When  all  the  particles  which  thus  remained  in  suspension  had  been  removed  another 
separation  was  made,  consisting  of  those  particles  remaining  in  susi^ension  in  like 
conditions  for  two  minutes  and  a  half.  This  portion  of  the  sample  was  collected  and 
was  designated  as  separate  No.  4.  The  remaining  portion  of  the  sample  was  freed 
of  alcohol  and  separated  into  three  portions,  by  sifting  through  two  sieves  made  of 
bolting  cloth  with  meshes  one-tenth  and  one-quarter  of  a  millimeter,  respectively. 
All  that  portion  passing  through  the  one-tenth  millimeter  mesh  is  designated  as 
separate  No.  3.  The  portion  passing  the  quarter  millimeter  mesh  but  not  passing 
the  tenth  millimeter  mesh  is  designated  as  separate  No.  2.  The  portion  not  passing 
through  the  quarter  millimeter  mesh  is  designated  as  separate  No.  1.  The  remark- 
ably nnifoim  size  of  these  separates  is  shown  by  photographs  published  in  the  Journal 
of  the  American  Chemioal  Society,  Vol«  19,  p.  19.  By  an  inspection  of  separate 
No.  5  it  is  seen  that  it  could  be  easily  divided,  and  another  and  finer  portion,  by 
means  of  a  ten-minutes'  subsidence  in  alcohol,  be  secured. 

The  alcohol  osed  for  the  separation  is  of  90  per  cent  strength. 

The  original  sample  and  the  separates  were  subjected  to  a  chemical  analysis,  con- 
dncted  for  me  by  Mr.  £.  G.  Runyan,  of  the  laboratory  staff.    The  analytical  work 


1  Wiley's  Agricultural  Analysis,  vol.  2,  p.  80. 


Digitized  by 


Google 


80 

was  confined  to  a  determination  of  the  total  phosphoric  acid  and  that  soluble  in  the 
Wagner  reagent.     The  data  obtained  follow : 


Sabstance. 


Total  Pj,0» 

Citrate  soluble  P,0» 

Proportion  of  original  Bample. 


OrijE^nal  I  Separarte   Separate  |  Separate  {  Separate !  Separate 
sample.   |     iNo.l.         Ko.2.    |     No. 3.    I     Ko.4.    j     Ko.5. 


Per  cent,  j  Per  ceiU. 
16.54  13.91 

11.67  I  6.24 

12. 00 


•| 


Per  cent. 
16.14 
10.85 
33.00 


Per  cent. 

Per  cent. 

Percent. 

16.71 

18.21 

18.16 

12.21 

13.65 

14.91 

26.00 

8.00 

21.00 

From  the  above  analyses  it  is  seen  that  the  separates  4  and  5  contain  not  only  the 
highest  total  quantity  of  phosphoric  acid,  but  also  the  highest  available  acid.  It  ia 
seen  that  there  is  a  regular  progression  in  the  richness  and  availability  of  the  sample 
from  the  coarsest  to  the  finest  parts.  The  relative  proportions  of  the  different  sepa- 
rates to  the  whole  are  shown  in  the  table.  The  data  lead  to  the  inference  that  it 
may  be  advantageous  to  the  manufacturer  of  basic  slags  to  secure  at  least  a  partial 
separation  in  some  such  manner  as  indicated,  for  the  purpose  of  being  able  to  place 
on  the  market  a  more  concentrated  and  available  fertilizing  material.  The  annual 
product  of  basic  phosphate  slags  now  amounts  to  about  1,500;000  tons  and  the  output 
is  rapidly  increasing.  Up  to  the  present  time  American  analysts  have  not  had  ooca- 
'Sion  to  examine  many  samples  of  phosphatic  slags,  but  it  is  certain,  in  the  near 
future,  that  the  consumption  of  this  material  in  the  United  States  will  rapidly 
increase.  It  is  important,  therefore,  that  investigations  be  made  looking  to  the  )>e8t 
methods  of  chemical  and  mechanical  analyses. 

The  President.  Are  there  any  more  papers  on  the  subject  of  phos- 
phoric acid?  Is  there  any  further  discussion  of  the  subject!  If  not, 
since  the  hour  for  adjournment  is  near  at  hand,  we  will  now  take  a 
recess  until  2  o'clock  p.  m. 

SATITEDAT— AFTERNOON  SESSION. 

The  meeting  was  called  to  order  by  the  president  at  2  o'clock.  The 
regular  order  was  the  report  on  soil  and  ash  analysis,  which  was  pre- 
sented by  Mr.  Goss. 

EEPORT  ON  SOILS  AND  ASE 
By  Arthur  Goss,  Reporter ^  and  W.  G.  Brown,  Awooiate  Reporter. 

As  a  preliminary  step  in  the  soil  work  this  yeav,  a  circular  letter  was  sent  to  the 
chemists  of  the  different  experiment  stations  inquiring  what  subjects  it  was  thought 
best  to  take  up.  From  the  replies  received,  and  in  accordance  with  the  views  of  the 
reporters,  it  was  thought  best  to  limit  the  chemical  work  on  soils  to  a  farther  study 
of  methods  for  determining  the  availability  of  phosphoric  acid  and  potash.  As  a 
considerable  number  of  chemists  also  expressed  a  desire  to  have  a  study  of  the  physi- 
cal properties  of  soils  included,  upon  request,  Prof.  Milton  Whitney,  Chief  of  the 
Division  of  Agricultural  Soils,  United  States  Department  of  Agrioultare,  kindly- 
consented  to  furnish  the  working  directions. 

Much  time  was  consumed  in  searching  for  suitable  samples.  In  this  oonneotion,  a 
circular  letter  was  sent  to  the  chemists  and  agriculturists  of  the  different  stations 
asking  concerning  samples  of  soils  which  had  been  proven  deficient  in  available 
phosphoric  acid  and  potash  by  a  number  of  years'  scientific  field-fertilizer  tests. 
After  a  considerable  amount  of  correspondence,  typical  potash  samples  were  secured, 
through  the  kindness  of  Mr.  A.  M.  Peter,  from  the  Kentucky  Experiment  Station 
farm,  and  a  soil  proven  deficient  in  available  phosphoric  acid  from  Massachusetts, 
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through  the  kindness  of  Mr.  William  P.  Brooks,  of  the  Hatch  Experiment  Station. 
As  a  sample  containing  plenty  of  available  phosphoric  acid,  one  was  taken  from  a  field 
on  the  New  Mexico  Experiment  Station  farm.  After  having  received  the  resnlts  of 
the  work  on  these  soils,  the  reporter  feels  sore  that  more  typical  samples  could  not 
well  have  been  found  for  the  points  under  consideration. 

The  following  descriptions  of  the  samples  and  working  directions  were  sent  to  the 
chemists  who  had  consented  to  cooperate : 

Directions  for  Work  on  thb  A.  O.  A.  C.  Soil  and  Ash  Samples  for  1896. 

DESCRIPTION   OF   THE   SAMPLES. 

Soil  sample  No.  1  is  from  Acre  P,  plat  2,  of  the  Kentucky  Experiment  Station  farm. 
(See  Kentucky  bulletins.)  It  has  been  cultivated  for  a  number  of  years  without  the 
addition  of  any  fertilizer,  and  will  not,  at  present,  produce  a  large  crop.  From  sev- 
eral years'  fertilizer  teals  on  adjacent  plats,  it  has  been  shown  that  in  all  probability 
the  trouble  is  lack  of  available  potash. 

Soil  sample  No.  2  is  also  from  the  Kentucky  Experimeut  Station  farm.  This  soil 
has  not  been  under  cultivation,  at  least  for  a  number  of  years,  and  in  all  probability 
contains  sufficient  available  potash  to  produce  several  good  crops. 

Soil  sample  No.  3  is  from  the  farm  of  Mr.  Dole,  of  Shelburne,  Mass.  The  resnlts  of 
fertilizer  tests  on  this  soil  have  been  reported  in  Bulletins  14,  18,  etc.,  of  the  Hatch 
Exneriment  >Station.  It  has  usuallv  responded  to  phosphatic  fertilizers  during  sev- 
eral years'  tests,  and  in  aU  probability  does  not,  at  present,  contain  sufficient  avail- 
able nhosphoric  acid  to  produce  a  large  crop. 

Soil  sample  No.  4  is  from  the  New  Mexico  Experiment  Station  farm  in  the  Rio 
Grande  Valley.  Judging  from  the  crops  produced,  it  contains  a  good  supply  of  avail- 
able phosphoric  acid.  It  is  probably  about  an  average  soil  in  the  amount  of  total 
phosphoric  acid  contained. 

Sample  No.  2  probably  contains  an  unusually  large  amount  of  available  phosphoric 
acid,  aud  No.  4  an  unusually  large  amount  of  available  potash. 

The  ash  sample  ia  from  New  Mexico  grown  alfalfa,  or  Incem. 

In  the  directions  given  below,  unless  otherwise  stated,  refei-ences  are  to  the  **  Meth- 
ods of  analysis  adopted  by  the  A.  O.  A.  C,  Sept«'mber,  1895,"  published  as  Bulletin 
No.  46  of  the  Chemical  Division,  United  States  Department  of  Agriculture. 

WORKING  DIRECTIONS  FOR  THE  ASH. 

Analyze  by  the  association  method,  page  44.     The  sample  is  ready  for  analysis. 

WORKING  DIRECTIONS  FOR  THE   SOILS. 

The  samples  are  sifted  ready  for  analysis.  Samples  1  and  2  are  to  be  worked  for 
potash  only,  and  samples  3  and  4  for  phosphoric  acid  only,  except  No.  4,  in  which 
both  potash  aud  phosphoric  acid  are  to  be  determined,  as  outlined  below  in  No.  7. 
All  results  are  to  be  calculated  to  the  water-free  basis. 

All  reagents  used  should  be  tested  by  running  blank  determinations  with  at  least 
the  quantities  used  in  the  regular  determinations. 

1.  Moisture. 

Determined  by  the  association  method,  page  38. 

2.  Treatment  mih  citric  acid. 

Prepare  a  one-fifth  normal  citric-acid  solution  by  dissolving  14  grams  of  the  crys- 
tallized acid  in  each  liter  of  water  used  and  bringing  to  exact  strength  by  titrating 
against  carbonate-free  KOH,  using  phenolphtaleln  as  an  indicator.  Transfer  100 
grams  of  each  of  the  samiiles  to  half  gallon,  salt-mouth,  ^lass-stoppered  bottles,  or 
other  similar  vessels;  pour  on  each  exactly  1  liter  of  N/5  citric  acid,  place  in  a  large 
water  bath  (a  metal  washtnb  will  do),  and  keep  at  the  temperature  of  40^  for  exactly 
five  hours,  shaking  at  frequent  intervals.  At  the  end  of  the  digestion  shake  contents 
of  bottle  well  andpour  quickly  upon  a  large,  dry,  ribbed  filter  of  two  thicknesses  of 
paper  and  of  sufficient  size  to  receive  the  entire  contents  of  the  bottle.  The  filtrate 
IS  to  be  received  in  a  dry  vessel  and  the  solution  poured  back  through  the  paper  until 
it  is  entirely  free  from  soil  particles.  Evaporate  500  cc  of  the  filtrate,  correspond- 
ing to  50  grams  of  soil,  to  a  small  volume  in  a  porcelain  dish,  transfer  to  a  platinum 
dish,  bring  to  dryness  or  nearly  so  on  the  water  bath ,  finish  drying  in  the  air  bath 
at  a  higher  temperature,  and  burn  out  the  organic  matter  at  as  low  a  heat  as  possible, 
in  order  to  avoid  volatilizing  potash.  Transfer  the  residue  to  a  small  porcelain  dish, 
cover,  and  add  about  20  cc  of  concentrated  HCl. 

When  effervescence  has  ceased  remove  the  cover  and  evaporate  to  dryness  on  the 

10328— JSTo.  49 6 


Digitized  by 


Google 


82 

water  bath ;  finish,  if  necessary,  in  the  air  bath  at  a  slightly  higher  temperature. 
Take  np  the  residue  with  2  or  3  co  of  strong  HCl  and  a  Tittle  water,  digest  on  the 
water  bath  until  the  iron  compounds  have  been  dissolved,  filter  off  the  carbon,  silica, 
etc.,  wash  with  hot  water,  and  determine  potash  or  phosphoric  acid  in  the  filtrate 
(Filtrate  A.),  as  follows : 

(A^  KaO.     To  he  determined  in  samplee  1  and  2  only. 

Dilute  Filtrate  A  to  about  100  cc.  heat  to  boiling,  precipitate  with  ammonia  and 
ammonium  oxalate  in  slight  excess,  niter,  wash  thoroughly  with  hot  water,  evaporate 
filtrate  to  dryness  in  a  plantinum  dish,  add  1  cc  of  1  to  1  H3SO4,  and  expel  ammonium 
salts  by  ignition.  Take  up  residue  with  water  and  a  few  drops  of  ammopium-free 
HCl,  filter  if  necessary,  add  2  cc  of  the  usual  platinum-chlorid  solution,  and  finish 
tiiie  determination  as  under  the  Lindo-Gladdinff  method,  page  3. 

If  preferred,  the  potash  may  be  determined  directly  in  Filtrate  A  by  the  following 
modincation  of  the  Tatlock  method,  as  recommended  by  Dyer  (see  Journal  of  the 
Loudon  Chemical  Society.  March,  1894) :  ''To  Filtrate  A  in  a  platinum  dish  add  2  co 
of  platinum-chlorid  solution,  evaporate  to  dryness,  take  up  with  80  per  cent  alcohol, 
filter,  wash  with  alcohol,  ammonium-chlorid  solution,  etc.,  and  proceed  as  under  the 
Lindo-Gladding  method.  This  method  is  much  quicker  than  the  usual  one  and  has 
been  found  to  give  good  results.  It  is  to  be  observed,  however,  that  the  HCl  used  in 
dissolving  the  residue  after  ignition  must  be  free  from  ammonium  salts."  In  report- 
ing results  please  state  which  method  was  used. 

(B)  P^O^,    To  he  determined  only  in  samplee  S  and  4. 

Add  ammonia  to  Filtrate  A  to  alkaline  reaction,  then  add  nitric  acid  to  acid  reac- 
tion and  evaporate  to  about  50  cc.  Add  10  grams  of  ammonium  nitrate,  heat  to  8(P, 
add  at  least  oO  cc  of  recently  prepared  molybdate  solution,  allow  to  stand  in  a  warm 
place  for  12  hours,  filter  off  precipitate,  wash  with  ammonium-nitrate  solution  acidu- 
lated with  nitric  acid,  dissolve  precipit<ate  in  warm  ammonia  and  precipitate  with 
maffueaia  solution  in  the  usual  manner. 

If  preferred,  the  P3O5  may  be  rapidly  precipitated  after  neutralizing  with  ammonia, 
acidifying  with  nitric  acid,  and  adding  ammonium  nitrate,  as  recommended  in  the 
proceedings  of  the  Eleventn  Annual  Convention  of  the  A.  O.  A.  C,  page  58.  In  this 
case  the  solution  should  be  diluted  (100  cc)  and  a  freshly  prepared  molybdate  solu- 
tion used. 

3.  Treatment  wiih  ammonium  citrate. 

Treat  100  grams  of  each  sample  exactly  as  under  citric  acid.  No.  2,  with  1  liter  of 
neutral  ammonium  citrate  solution,  containing  100  cc  of  the  usual  fertilizer  citrate 
solution,  prepared  as  under  "Optional  method,"  page  11. 

4.  Treatment  vsiih  oxalic  add. 

Prepare  a  one-fifth  normal  solution  of  oxalic  acid  by  dissolving  12.6  grams  of  the 
crystals  in  ea^sh  liter  of  water  used,  and  bringing  to  exact  strength  by  titrating 
against  standard  carbonate-free  KOH,  usin^  phenolphtalein  as  an  indicator.  Treat 
HSo  grams  of  each  sample  with  1  liter  of  this  solution  exactly  as  under  No.  2. 

5.  Treatment  with  ammonium  oxalate. 

One  hundred  grams  of  each  sample  are  to  be  treated  with  1  liter  of  ammonium- 
oxalate  solution  containing  16  grams  of  the  crystals,  exactly  as  under  citric  acid. 

6.  Treatment  noiih  hydrochloric  add. 

Digest  100  grams  of  each  sample  with  1  liter  of  fifth  normal  HCl  for  five  hours,  at 
40<^,  as  before.  Filter  and  evaporate  500  co  of  the  filtrate  to  dryness  in  a  porcelain 
dish;  after  adding  a  few  cubic  centimeters  of  nitric  acid  to  oxidize  organic  matter, 
continue  the  drying  in  the  air  bath  until  complete  dryness  is  reached,  take  up  with 
water  and  a  few  cubic  centimeters  of  HCl,  filter  and  determine  KsO  or  FiOs In  the 
filtrate  (Filtrate  A),  as  given  under  No.  2. 

7.  £ffect  of  varying  the  amount  of  solvent. 

Treat  amounts  of  200  grains  each  of  sample  4  with  1,  2,  3,  4,  and  5  liters  of  fifth 
normal  citric  acid,  and  determine  both  K3O  and  P3O5  in  each  filtrate,  as  under  No.  2. 
Solutions  corresi>onding  to  50  grams  of  soil  are  to  be  precipitated  in  each  case. 

8.  Physical  examination  of  the  soils. 

For  working  directions  for  the  physical  examination  of  the  soil  samples,  reference 
will  be  made  later  to  a  bulletin  by  Professor  Whitney,  of  the  Division  of  Agricultural 
Soils,  United  States  Department  of  Agriculture.    This  bulletin  is  now  in  press. 

Any  other  results  on  the  above,  or  other  soils  of  known  agricultural  properties, 
will  be  thankfully  received. 

In  the  preparation  of  the  above  directions  free  reference  has  been  made  to  the 
directions  of  the  reporter  of  last  year. 

Use  Bulletin  No.  4,  of  the  Division  of  Agricultural  Soils,  United  States  Denart- 
ment  of  A^ioultnre,  on  Methods  for  the  Mechanical  Analysis  of  Soils,  by  Frof. 
Milton  Whitney,  for  the  working  directions.  Begin  with  sample  No.  1  and  page  9  of 
the  bolletiil  and  do  as  much  as  you  can  find  time  to  accomplish. 
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Table  No 

1.- 

-Soil 

aamplea. 

Sample  No.  1. 

Sample  No.  2. 

o 

KjO.    100  grams  of  soil  and  1 
Uterofaolventnsed.    Water- 

e 

K,0.    100  grams  of  soU  and  1 
liter  of  solTent  need.   Water- 

■  o 

free  Imais. 

free  basis. 

AnalyBi. 

1 

§>; 

2 

|4 

. 

§o 

'6 

«D 

%s 

S 

11 

8 

1^ 

s 

r 

§ 

i 

1 

|i 

r 

§ 

^ 

1 

8- 

5l 

1 

1 

1 

1 

i^ 

1 

4^ 

:§ 

§ 

§ 

5 

|i 

i 

i^ 

John  Thompaon,  Soath 

P^cLP.ct. 

P.m. 

P.eU 

PM. 

P,et. 

p.ce. 

P.et. 

P.et, 

P.ei. 

P.et. 

p.ce. 

p.et. 

P.et 

Carolina 

2.25  0.011 

0.006 

0.006^0.005 

O.OKI 

3.01 

0.024 

0.014 

0.022 

0.014 

0.030 

G.  C.  Moore,  United 

States  Depailanent  of 

Agnonltare 

1.72 

.011 

.000'  .005j  .011 

.011 

2.05 

.033 

.023 

.020 

.038 

.016 

B.  F.  Hare,New  Mexico. 

1.71 

.013 

.008|  .010,  .010 

.011 

1.05 

.022 

.031 

.022 

.024 

.034 

Arthur  Goes,  New  Mex- 

ico  

1.83 

.012  {•:«>•}.  007 

.008   .011 

.009 

2.10 

.024 

fO.  015 
\  .015 

}.020 

.020 

.022 

.021 

Arenge 

1.88 

.012|    .005  .007 

.007|  .009 

.012 

2.28j  .026 

.015 

.022 

.021 

.024 

.025 

Table  No.  2.— 5ot2  samples. 


Analyst. 


Sample  No.  3. 


I' 


1 


P«Os.    100  grams  of  soil  and  1  liter  of  soil  used. 
Water-free  basis. 


I 


S  40(0 


John  Thompson,  South  Carolina . . 
C.  C.  Moore,  United  States  De- 

partmentof  Agriculture 

S.  P.  Hare,  New  Mexioo 

Arthur  Goss,  New  Mexico 

ATorage 


P.et 
2.26. 


P.et. 


1.50 
1.67 


1.84 


P.et 
0.020 


P.et 


P.et. 
0.034 


P.et, 
0.0S6 


P.et. 
0.080 


.019 
.019 


.032 
1.023 


.018 
.010 


.096 
.097 


.22! 


.019 


I 


.033 


.021 


.091 


P.et 
0.012 


.010 
.010 


.OU 


Analyst. 


John  Thompson,  South 
Carolina 

C.  C.  Moore,  United 
States  Department  of 
Agriculture 

S.  F.  Hare,  New  Mexico. 

Arthur  Goes,  New  Mex- 
ieo 


ATcrage. 


Sample  No.  4. 


ii 

a 
I 


P.et. 
5.61 


P.et 


3.26... 
4.26     0.15 


4.65 


4.45 


.13 


.14 


P,0.. 


100  grams  of  soil  and  1  liter  of  solvent 
used.    Water-free  basis. 


P.et  P.et 
0.051 


.046,. 
.049'. 


.051'  0.081 


P.et 


p.et 
0.025 


.027 
.025 


P.et 


:S0 

Ii 

O 


P.et 
10.024 


.004 
.005 


0     .024   0.033 


.049,    .081 


0|    .025j    .033|    .004 


P.et 


K,0. 


ll  E^§ 


p.et 


0.083  0.013 


.076     .009 
.080     .008 


088     .009 


.083     .010 


P.et 


0.090 


.090 


i 


p.et 


0.051 


.051 


1  Not  included  in  the  ayerage. 
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Table  No.  3. — Sail  samples. 


Sample  No. 

4.    Different  amounts  of  same  solvent.    200 

grams 

soil. 

E,0.    Water-free  basifl 

. 

PsOfi.   Water-free  basiH. 

Analyst. 

citric. 

6 

i 

'3 

1 

5 

1 

4 

6 

1 

u 

'3 

S5. 

o 
^ 

i5. 

u 

^ 

1 

??5 

1 

1 

1 

1 

5 

1 

1 

« 

CO 

-* 

ta 

- 

N 

eo 

^       1     u': 

Jobn  Thompson,  South  Car- 

t. 

P.et. 

P.CL 

P.ct. 

P.et. 

p.ct. 

P.ct. 

P.ct. 

1 
P.c<.    p.et.. 

olina 

0 

0.041 

0.058 

0.069 

0.004 

0.028 

0.031 

0.035    

C.  C.  Moore,  United  States 

Department  of  Agric  ultare 

2 

.055 

.069 

.077 

0.106 

.004 

.023 

.030 

.035 

0.04C 

R.  F.  Hare,  New  Mexico. . . . 

S 

.051 

.066 

.074 

.08r> 

.004 

.027 

.028 

.036 

.041 

Average 

.C26  1    .049 

.064 

.073 

.095 

.004 

.026 

.030 

.035 

.043 

Table  No.  4. — Alfalfa  ash. 


Substance. 


^7 
C.C  Moore, 
U.  S.  De- 
partment 
of  Agricul- 
ture. 


Soluble  SiO, 

Insoluble  SiO,  (sand) 

Total  SiO, 

K^O 

Na,0 

CaO 

MgO 

MnA 

Te.Os,  AlsO, 

P,Os 


A.M.^olt, 

New 

Mexico. 


Per  cent.       Per  cent. 


3.76 
6.23 
9.99 

2L20 
2.95 

20.45 

3.34 

.12 

2.71 

3.28 


3.72 
6.72 
9.44 

2L27 
2.83 

20.32 

3.39 

.05 


3.27 


Substance. 


SOt 

CO^ 

CI 

Carbon , 

Moisture 

Total 

O  equivalent  of  CI... 

Corrected  total 


Bv 
C.C.Moore. 
U.  S.  De- 
partment 
of  Agricul- 
ture. 


Per  cent. 
4.79 
18.10 
3.80 
9.54 
.61 


A.M.Holt, 

New 

Mexico. 


Per  cent. 
4.58 
17.94 
4.21 
10.34 
.76 


100.87 


100.  01 


THE  RESrLT.S. 

"  It  would  seem  that  the  soil  reporter  has,  as  usual,  been  guilty  of  asking  for  a 
larger  amount  of  work  than  many  men  so  busy  as  the  chemists  of  the  agricultural 
experiment  stations  could  well  tind  time  to  undertake.  It  is  probably  largely  for 
this  reason  that  no  results  have  been  received  on  the  physical  investigation  of  the 
soils  and  but  few  on  the  chemical  soil  and  ash  work. 

The  results  of  the  ash  work  are  given  in  table  4.  While  the  reporter  has  been 
aware  that  the  method  of  analysis  for  the  ash  is  badly  in  need  of  revision  in  some 
respects,  owing  to  lack  of  time  nothing  has  been  attempted  in  that  connection  this 
year. 

The  results  on  the  soils  are  given  in  tables  1,  2,  and  3.  AMiile  few  in  number, 
some  very  interestin^j^  points  are  brought  out.  The  reporter  feels  not  a  little  encour- 
aged in  believing  that  we  may  at  last  have  methods  at  hand  by  which  it  may  be 
possible  to  tell  at  least  the  difference  between  a  soil  containing  little  available 
potash  or  phosphoric  acid  and  one  containing  a  considerable  amount  of  those  sub- 
stances. Much  more  work  will  of  course  be  necessary « however,  before  we  can  form 
any  very  definite  conclusion  in  regard  to  these  methods. 

The  agreement  of  results  this  year  is  quite  as  good  as  could  be  expected,  and 
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Ibe  reporter  wishes  to  take  this  opportunity  to  thank  those  who  have  cooperated 
ID  the  work. 

Of  the  solvents  tried  the  organic  acids  may,  I  think,  after  two  years'  trial  by  the 
association,  be  dismissed  at  once  as  nnsuited  for  the  determination  of  available 
pbosphorio  acid  and  potash  in  soils,  and  especially  so  far  as  the  PsOs  is  concerned. 
While  all  the  solvents  have  shown  a  marked  difference  between  the  two  potash  soils, 
and  that  in  accordance  wit^  the  evidence  famished  by  the  field  tests,  the  organic 
acids  are  no  better  in  that  respect  than  hydrochloric  acid,  and  especially  calciam 
chiorid,  and  besides,  owing  to  the  large  amount  of  organic  matter  to  be  burned 
oat,  are  much  more  difficult  to  work,  and  consequently  more  liable  to  yield  discord- 
ant results. 

In  the  case  of  phosphoric  acid,  the  organic  acids  and  salts  have  given  utterly  con- 
victing and  misleading  results.  Take  tbe  case  of  the  dilated  fertilizer  citrate  solu- 
tion, for  example.  In  the  case  of  soil  No.  4,  which  exx>erience  in  the  field  has  proven 
contains  a  sufficient  supply  of  available  phosphoric  acid,  0.004  per  cent  is  secured  as 
the  average  of  three  closely  agreeing  results,  while  in  the  case  of  soil  No.  3,  which 
has  been  proven  deficient  in  available  phosphoric  acid,  more  than  five  times  as  much 
is  gotten.  The  soil  reporter  would  be  very  much  obliged  if  the  fjsrtilizer  chemists 
would  kindly  explain  this  point. 

In  the  case  of  citric  acid,  which  has  also  been  largely  recommended  for  this  pur- 
pose, the  results  are  also  the  opposite  of  experience  in  the  field,  and  oxalic  acid  is 
little  or  no  better. 

In  the  case  of  K/5  hydrochloric  acid,  however,  we  have  a  solvent  which,  in  the 
case  of  these  soils,  gave  closely  agreeing  results  that  were  entirely  in  accordance 
with  the  field  tests.  This  solvent,  furthermore,  is  very  much  easier  to  work  with  than 
the  organic  acids. 

The  two  phosphoric  acid  soils  well  illustrate  one  point  that  has  been  overlooked 
by  some  of  the  investigators  in  soil  analysis,  though  mentioned  by  a  few,  and  that 
is  the  necessity  of  correcting  for  the  neutralization  of  the  solvent  by  carbonate  of 
lime  and  other  alkaline  material  when  an  acid  solvent  is  used.  No.  4  contains  a 
large  amount  of  lime  (about  4  per  cent),  while  No.  3  contains  very  little  of  that 
element.  Hence,  in  the  case  of  acid  solvents,  before  the  digestion  is  fairly  started, 
No.  4  is  being  acted  upon  by  a  very  weak  solvent,  whereas  in  the  case  of  No.  3  it  is 
practically  full  strength. 

In  the  following  table  is  given  the  dilution  of  hydrochloric  and  citric  acids,  in  the 
case  of  these  soils,  as  determined  by  titrating  the  filtrate  at  the  end  of  the  digestion 
against  standard  potassium  hydrate  solution,  using  phenol  as  an  indicator: 

Table  5. — Showing  neutralization  of  the  solventf  due  to  the  presence  of  lime  carbonate 
and  other  alkaline  material  in  the  soil. 


Reageot. 

HCl  used  as  a  solvent. 

Citric  acid  used  as  a  solvent. 

1 

2       ,       3              4 

12               3 

4 

Strength  of  acid  at  beginning  in 
t^nna of  nomal  acid  ......^....t- 

0. 200        0  200         0. 200        0  900 

0.200       0.200       0.200 

'                i 
.  175         .  170         .  195 

12.5         15              2.5 

0  200 

Strength  of  acid  at  end  of  5  hoars' 

digeation  in  terms  of  normal  acid . 

Per  cent  of  aolven  t  neutralised 

.191 
4.5 

1               1 
.182         .107         .050 

9              1.5         75 

.062 
60 

By  referring  to  table  5  it  will  be  noticed  that  in  tbe  case  of  No.  4, 75  per  cent  of 
the  acid  were  neutralized  when  using  HCl,  while  in  the  case  of  No.  3  but  1.5  percent 
w»*re  neutralized,  and  in  the  case  of  citric  acid  the  difference  is  almost  as  great.  The 
difference  in  the  case  of  the  two  potash  soils  is  much  less. 

The  results  secured  in  the  case  of  hydrochloric  and  citric  acids,  after  making  the 
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acid  of  sufficient  strength  to  allow  for  this  neutralization,  are  shown  in  table  2. 
While  the  citric  dissolved  considerably  more  from  soil  No.  4  after  being  corrected,  the 
results  are  still  in  no  way  comparable  with  the  field  tests.  In  the  case  of  HCl,  how- 
ever, we  have  a  solvent  which,  after  correction,  dissolved  more  than  four  times  aa 
much  phosphoric  acid  from  No.  4  as  from  No.  3,  thus  agreeing  exactly  with  the  field 
experience,  notwithstanding  the  fact  that  No.  3  contained  nearly  twice  as  much  total 
as  No.  4.  The  fact  that  in  the  case  of  these  two  soils  the  one  deficient  in  available 
phosphoric  acid  contains  more  total  than  the  one  with  a  good  supply  of  available 
again  illustrates  the  fact  that,  as  is  already  well  known  to  anyone  who  has  done  any 
considerable  amount  of  soil  work,  the  determination  of  the  total  phosphoric  acid 
alone  may  give  very  misleading  results  concerning  the  amount  of  that  substance 
available.  The  determination  of  the  total,  however,  when  taken  in  connection  with 
the  amount  dissolved  by  dilute  HCl,  would  seem  in  the  case  of  these  two  soils,  at 
least,  to  furnish  unmistakable  evidence  of  the  more  available  condition  of  the  phos- 
phoric acid  in  No.  4. 

It  has  been  urged  by  some  that  a  strong  mineral  acid,  such  as  HCl,  should  not  be 
used  as  a  solvent  for  available  plant  food,  on  account  of  being  more  energetic  in  its 
action  than  the  acids  at  the  command  of  plants.  As  has  previously  been  pointed  out 
by  myself  and  others,  however,  this  objection  will  not  hold  in  the  case  of  at  least  one 
of  the  organic  acids.  By  referring  to  table  2  it  will  be  seen  that  oxalic  acid  dis- 
solved several  times  as  much  phosphoric  acid  from  both  the  phosphoric  acid  soila 
as  hydrochloric  acid  of  exactly  the  same  strength.  Oxalic  acid  seems  to  have  a 
very  strong  solvent  effect  upon  the  iron  compounds  in  the  soil,  and  it  has  been  my 
exx>erienoe  that  the  phosphoric  acid  usually  comes  into  solution  in  connection  with 
the  iron. 

Upon  observing  the  decided  increase  in  amount  of  phosphoric  acid  dissolved  from 
No.  4,  after  correcting  for  the  neutralization  of  the  solvent,  in  the  case  of  HCl,  I  was 
led  to  think  that  a  part  of  the  increase  might  be  due  to  the  solvent  effect  of  the 
calcium  chlorid  formed.  Upon  trying  a  N/5  solution  of  that  substance,  however, 
it  was  found  to  have  practically  no  solvent  effect  for  the  phosphoric  aoid,  thus  elim« 
inating  what  might  have  been  a  very  perplexing  factor  in  the  case.  This  solvent 
also  took  into  solution  very  little  of  either  iron,  silica,  or  organic  matter. 

From  the  above  it  would  seem  perfectly  evident  that  in  the  case  of  phosphoric 
acid,  where  HCl  is  used  as  the  solvent,  especially  in  the  case  of  soils  like  Nois.  3  and 
4,  differing  largely  in  lime  content,  a  correction  should  be  made  for  the  neutralization 
of  the  acid. 

While  calcium  chlorid  has  practically  no  solvent  effect  for  phosphoric  aoid,  it  has 
a  decided  solvent  effect  for  potash,  as  will  be  seen  by  examining  Table  No.  1.  I  con- 
sider this  substance  to  be  the  most  promising  solvent  for  available  potash  that  I 
have  ever  tried.  By  bringing  into  solution  very  little  iron,  silica,  or  humus  the 
analysis  is  not  complicated  by  the  presence  of  large  amounts  of  those  substances  as 
is  usually  the  case  with  other  solvents.  The  solvent  effect  of  calcium  chlurid  is 
probably  due  to  the  well-known  trade  of  bases  in  soil  absorption,  thus  relieving  ttie 
potash  in  a  state  of  loose  combination,  or  the  presumably  available,  and  not  dis- 
turbing that  locked  up  with  the  silicates.  It  will  be  observed,  by  referring  to  table 
1,  that  calcium  chlorid  dissolved  three  times  as  much  potash  from  the  soil  contain- 
ing a  good  supply  of  available  potash  as  from  the  soil  known  to  be  deficient  in  that 
substance.  It  is  also  interesting  to  note  that  in  the  case  of  soil  No.  4,  which  is 
known  to  contain  a  large  amount  of  available  potash,  calcium  colorid  dissolved 
more  than  twelve  times  as  much  as  in  the  case  of  soil  No.  1. 

It  seems  quite  certain  that  such  conditions  as  time  and  temperature  of  solution 
and  strength  and  amount  of  solvent  to  be  used  must  be  definitely  fixed  if  concordant 
results  are  to  be  expected.  The  plan  of  digesting  a  certain  amount  of  soil  for  a 
week,  more  or  less,  at  any  temperature  that  may  happen  to  prevail  in  the  laboratory 
at  the  time,  as  has  been  practiced  by  some  soil  analysts,  will  not  answer.  Table 
No.  3  shows  very  conclusively  the  necessity  of  definitely  fixing  the  relation  between 
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the  amoont  of  soil  and  solvent.  So  long  as  this  proportion  remains  the  same,  how- 
ever, the  results  will  be  the  same  whether  large  or  small  qaantities  be  used.  This 
is  shown  in  Table  No.  2  by  referring  to  the  per  cent  of  phosphoric  acid  dissolved  in 
No.  4  by  treating  100  grams  with  1  liter  of  citric  acid,  as  compared  with  the  results 
in  Table  No.  3  from  treating  200  grams  of  the  same  soil  with  2  liters  of  the  same  sol- 
vent. In  several  trials  by  myself  with  different  solvents  the  same  result  has  also 
been  reached. 

MBTHODS  OF  ANALYSIS. 

The  reporter  believes  that  the  principal  end  to  besought  in  the  agricultural  chem- 
ical analysis  of  a  soil  is  to  secure  data  by  which  to  decide,  if  possible,  in  regard  to 
its  plant-producing  power.  Now,  it  has  been  abundantly  demonstrated  that  most 
soils  contain  an  abundance  of  all  the  elements  of  plant  food  except  phosphoric  acid, 
potash,  and  nitrogen.  It  is  on  this  assumption  that  our  present  system  of  soil  fer- 
tilization rests.  That  this  assumption  is  usually  correct  is  proven  by  the  large 
amount  of  money  invested  in  the  fertilizer  industry  and  the  unmistakably  advan- 
tageous results  constantly  obtained  by  the  use  of  fertilizers.  Now,  it  seems  to  me 
that  our  practical  analysis  of  the  soil  should  be  along  these  lines,  especially  in  the 
East.  If  we  can  tell  with  reasonable  certainty  the  amount  and  availability  of  the 
phosphoric  acid,  potash,  and  nitrogen  in  soils  we  have  accomplished  the  principal 
thing  that  is  at  present  demanded  of  the  soil  analyst. 

It  is  interesting,  to  be  sure,  from  a  scientific  point  of  view,  to  know  the  amount  of 
iron,  manganese,  silica,  etc.,  in  a  soil,  and  these  things  doubtless  have  some  bearing 
on  the  question  of  plant  production;  but,  owing  to  the  time  required  to  make  such 
determinations  and  the  uncertainty  of  the  indications  furnished,  I  do  not  believe 
that  in  practical  work  we  can  afford  to  spend  time  with  them,  at  least  not  until  we 
have  more  definite  knowledge  concerning  the  determinations  of  the  three  essential 
elements. 

It  seems  to  me  that  the  thing  to  be  done  at  present  is  to  attempt  to  work  up  good, 
reliable  methods  for  the  determination  of  total  phosphoric  acid,  total  nitrogen,  and 
either  total  potash  or  that  dissolved  in  some  strong  solvent  which  shall  give  us  a 
definite  stopping  point;  and  besides  this,  methods  for  determining  the  amounts  of 
these  substances  that  are  soluble  in  weak  solvents  which  shall,  when  taken  in  oon- 
neotion  with  the  determinations  of  the  totals,  furnish  reliable  indications  concerning 
the  availability  of  those  substances. 

In  the  sulphuric  acid  method  for  phosphoric  acid  recently  adopted  by  the  asso- 
ciation I  believe  we  have  a  thoroughly  reliable  method  for  the  determination  of 
total  phosphoric  aoid,  and  in  the  modified  KJeldahl  method  I  believe  we  have  an 
equally  reliable  method  for  total  nitrogen.  I  do  not  believe  that  we  have  at  present 
any  method  equally  reliable  and  of  sufficient  brevity  for  practical  purposes  for  the 
determination  of  potash  soluble  in  a  strong  solvent;  at  least  the  discordant  results 
reported  to  the  association  in  the  past  have  indicated  this.  The  sulphuric  acid 
method  tried  last  year,  however,  gave  results  fully  as  good  as  by  the  other  methods 
tried,  and  has  the  advantage  of  being  a  direct  method  and  much  quicker  than  the 
others. 

In  the  hydrochloric  acid  and  calcium  chlorid  methods  outlined  below  we  have 
methods  for  available  phosphoric  acid  and  potash  which  have  worked  well,  and 
given  results  strictly  in  accordance  with  the  field  tests  with  this  year's  samples,  and 
which  I  think  should  certainly  be  further  tried. 

For  available  nitrogen  the  association  has  at  present  no  method,  although  Dr. 
Hilgard  has  recently  proposed  one  for  that  purpose  which  I  think  should  be  tested. 

RECOMMENDATIONS. 

In  aoeordance  with  the  foregoing  the  reporter  recommends — 
1.  That  the  complete  analysis  of  a  strong  acid  solution  of  the  soil  as  given  last 
year  and  in  preceding  years  be  stricken  out  of  the  official  methods  of  the  association. 
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2.  That  the  N/5  HCl  method  for  available  phosphoric  acid,  as  given  below,  be  far- 
ther tried  by  the  association. 

3.  That  the  oalciam  chlorid  method  given  below  be  further  tested  by  the  associ- 
ation as  a  method  for  available  potash. 

4.  That  the  Kjeldahl  method,  as  revised  by  the  reporter,  be  adopted  as  the  official 
method  for  total  nitrogen. 

The  reporter  fally  realizes  that  the  recommendations  offered  above  are  sweeping 
in  character  and  involve  a  change  in  the  entire  system  of  soil  analysis,  but  he  believes 
tliat  past  experience  and  present  needs  fully  justify  such  a  change.  We  can  certainly 
4o  no  worse  than  at  present,  and  I  believe  can,  by  placing  soil  analysis  on  a  more 
practical  basis,  do  very  much  better. 

AVAILAIILE   PHOSPHORIC   ACID. 

1.  Preliminary  treatment  to  determine  the  neutralization  of  the  solvent. 
Weigh  out  20  grams  of  soil,  transfer  to  a  dry  flask  of  400  or  500  cc  capacity,  add 

200  cc  of  exactly  fifth  normal  HCl,  stop  flask  with  a  perforated  rubber  stopper 
oarrying  a  glass  tube  about  2  feet  long,  and  digest  in  a  water  bath  for  exactly  five 
hours  at  exactly  40^  C,  shaking  contents  at  frequent  intervals.  At  the  end  of  the 
digestion,  filter  the  solution  and  titrate  against  a  standard  carbonate-free  KOH 
solution,  using  phenolphtalein  as  an  indicator. 

2.  Weigh  out  100  grams  of  soil,  transfer  to  a  dry  half-gallon  salt  mouth  glass- 
stoppered  bottle  or  other  similar  vessel  and  add  exactly  1  liter  of  HCl  of  fifth  normal 
strength  plus  the  amount  of  acid  neutralized  by  100  grams  of  the  soil  as  determiued 
by  the  preliminary  treatment.  Immerse  bottle  at  least  to  the  top  of  the  solution  in 
a  large  water  bath  (a  metal  washtub  is  excellent),  kept  at  a  temperature  of  exactly 
40^^  C,  and  digest  for  exactly  five  hours,  shaking  at  freqaent  intervals.  Remove 
bottle  from  bath,  shake  up  contents  and  pour  on  a  large  dry-ribbed  filter  of  two 
thicknesses  of  paper.  The  paper  and  funnel  should  be  large  enough  to  receive  the 
entire  solution;  an  8-inch  funnel,  with  paper  to  match,  is  about  right.  The  first 
portion  of  the  filtrate  is  to  be  used  to  rinse  out  the  receiving  vessel  if  the  same  or  the 
funnel  be  wet.  The  solution  must  be  poured  back  through  the  paper  until  entirely 
free  from  soil  particles.  Transfer  500  cc  of  the  filtrate  to  a  porcelalu  dish,  add  2  or 
3  cc  of  nitric  acid,  and  evaporate  to  dryness,  first  over  the  lamp  and  finally  over  the 
water  bath,  moisten  the  residue  with  HCl,  add  hot  wat^r  and  digest  over  the  water 
bath  until  all  iron  compounds  are  dissolved.  Filter  off  the  silica,  receiving  the 
filtrate  in  a  flask  of  400  or  500  cc  capacity,  wash  with  hot  water,  dilute  the  filtrate 
to  about  100  cc  if  not  already  to  that  volume,  add  ammonia  until  a  permanent  pre- 
cipitate forms,  then  nitric  acid  until  the  precipitate  is  dissolved,  add  20  cc  of 
ammonium  nitrate  solution  containing  15  grams  of  the  salt,  heat  to  80^,  precipitate 
with  75  cc  of  recently  prepared  molybdate  solution,  and  continue  the  determination 
exactly  as  under  ''Total  acid  soluble  phosphoric  acid,''  Goss  method.  (See  methods 
of  analysis  adopted  by  the  A.  O.  A.  C.  November,  1896.) 

Reagents. — The  HCl  solvent  is  prepared  by  titrating  against  standard  carbonate-free 
KOH,  using  phenolphtalein  as  an  indicator.  Phenol  should  be  used  as  the  indi- 
cator, as  it  seems  to  give  the  best  results  when  titrating  the  solution  after  making 
the  preliminary  digestion,  and  it  is  best  to  use  the  same  indicator  in  both  cases. 

The  other  reagents  are  the  same  as  under  ''Total  acid  soluble  phosphoric  acid.'' 

AVAILABLE   POTASH. 

'  Treat  100  grams  of  soil  with  exactly  1  liter  of  N/5  calcium-chlorid  solution,  exactly 
as  under  "Available  phosphoric  acid."  Transfer  500  cc  of  the  filtrate  to  a  porcelain 
dish,  add  4  or  5  cc  of  concentrated  HCl  and  1  cc  of  concentrated  HNOc,  evaporate  to 
dryness,  take  up  with  a  small  amount  of  water,  filter,  heat  filtrate  to  boiling;  add 
ammonia  to  alkaline  reaction  and  precipitate  lime,  etc.,  with  an  excess  of  ammonium 
carbonate  and  ammonium  oxalate,  filter  through  a  12^om  paper  until  clear,  wash 
with  hot  water,  test  filtrate  with  a  drop  of  ammonium  carbonate  to  be  sure  that  the 
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precipitation  \a  complete;  add  .5  cc  of  conceDtrated  sulphuric  acid,  evaporate  to 
dryness  in  a  large  platinum  dish,  heat  in  the  air  hath  at  150^  for  one  hour,  or  until 
danger  of  popping  upon  ignition  is  past,  ignite  off  the  ammonium  salts,  finishing  the 
ignition  for  a  minute  oyer  the  blast  lamp,  dissolve  the  sulphate  of  potash  in  water 
with  the  addition  of  10  drops  of  concentrated  HCl  free  from  ammonium  salts  by 
digesting  over  the  water  bath  for  fifteen  minutes,  filter  into  a  platinum  or  porcelain 
dish,  wash  with  hot  water,  add  2  cc  of  platinum  solution  and  evaporate  to  dryness 
over  the  water  bath ;  add  1  cc  of  water  and  20  cc  of  95  per  cent  alcohol,  place  dish  over 
the  water  bath  until  the  alcohol  begins  to  boil,  filter,  wash  with  alcohol,  then  with 
ammonium  chlorid  solution,  and  finally  with  alcohol.  Good  results  can  not  be 
secured  unless  the  washings  are  very  thorough.  Transfer  paper  and  precipitate 
to  an  air  bath  at  110^,  dry  for  thirty  minutes,  place  paper  in  the  funnel,  dissolve  the 
precipitate  in  water  almost  at  the  boiling  temperature,  receive  the  filtrate  in  a 
weighed  platinum  dish,  evaporate  to  dryness  over  the  water  bath,  dry  at  110"  for 
thirty  minutes,  cool  in  a  desiccator  and  weigh. 

Reagents. — The  calcium-chlorid  solution  is  prepared  by  dissolving  about  12.5  grams 
of  fused  c.  p.  CaClj  in  each  liter  of  water  used,  filtering,  if  necessary,  and  bringing  to 
exact  y/o  strength  by  titrating  against  standard  AgNOa  solution,  using  potassium 
ehromate  as  an  indicator. 

The  ammonium  carbonate  is  prepared  by  dissolving  250  grams  of  the  salt  in  each 
liter  of  water  used  and  adding  100  cc  of  strong  ammonia. 

The  other  reagents  are  the  same  as  used  in  the  official  fertilizer  work. 

METHODS  FOR  THE  ANALYSIS  OF  SOILS. 

For  additional  methods  of  soil  analysis,  see  Methods  of  Analysis  Adopted  by  the 
A.  O.  A.  C,  September,  1895,  pages  38  to  43. 

11. — Total  add-aoluhle  phosphoric  acid — Goaa  method. 

In  the  case  of  ordinary  soils,  transfer  10  grams  of  the  sifted  air-dried  sample, 
to  a  pear-shaped,  straight-necked,  hard-glass  digesting  fiask  which  has  been 
marked  to  hold  250  cc,  and  add  approximately  0.7  gram  of  yellow  oxid  of  mercury 
and  20  to  30  cc  of  concentrated  sulphuric  acid,  as  in  tho  determination  uf  nitrogen. 
Twenty  cubic  centimeters  of  acid  are  usually  sufficient,  but  in  the  case  of  very  finely 
divided  clay  soils,  containing  little  or  no  sand,  it  is  necessary  to  use  30  cc  to  prevent 
caking  of  contents  of  flask.  In  doubtful  cases  20  cc  of  acid  Rhould  first  be  added, 
and  at  the  end  of  five  or  ten  minutes,  if  contents  show  a  t'Ctidency  to  cake,  10  cc  more 
should  be  introduced.  Thoroughly  mix  contents  of  flask  by  shaking,  boil  for  one 
hour,  cool  (cold  water  can  not  safely  be  used),  add  about  100  cc  of  water,  5  cc  of 
concentrated  HCl,  and  2  cc  of  concentrated  HNO.),  heat  to  boiling  to  oxidize  iron, 
cool  (cold  water  can  safely  l)e  used),  make  up  to  volume  and  filter  through  a  dry, 
folded  pai^er  until  perfectly  clear.  (In  order  to  secure  a  clear  filtrate  it  will  usually 
be  foand  necessary  to  pour  the  first  portion  of  the  filtrate  back  through  the  paper 
three  or  four  times. )  Transfer  100  cc  of  the  filtrate  to  a  fiask  of  about  500  cc  capacity, 
add  strong  ammonia  until  a  permanent  precipitate  forms,  then  G  or  8  cc  of  nitric  acid 
to  dUsolve  the  precipitate,  and  boil  until  clear.  Cool  the  solution  to  80^,  add  75  cc 
of  recently  prepared  molybdate  solution,  place  the  unstoppered  flask  for  fifteen  min- 
utes in  an  open  water  bath  kept  at  80^  C,  shake  flask  vigorously  four  or  five  times 
while  in  the  bath,  then  remove  and  let  stand  ten  minutes  to  allow  the  precipitate  to 
settle.  Filter  through  a  9  cm  No.  589  S.  <&  S.  paper,  avoiding  too  strong  a  pressure 
at  first,  wash  the  flask  and  precipitate  thoroughly  with  10  per  cent  ammonium- 
nitrate  solution  acidified  with  nitric  acid,  place  the  flask  in  which  the  precipitation 
was  made  nnder  the  funnel,  shut  off  pump  and  close  all  valves  to  filtering  jar,  fill 
paper  half  full  of  hot  water,  add  a  few  cubic  centimeters  of  strong  ammonia,  and 
aid  solution  if  necessary  by  stirring  the  precipitate  with  a  glass  rod.  As  soon  as  the 
yellow  precipitate  has  all  dissolved  open  valve  to  the  filtering  Jar,  but  do  not  turn  on 
the  pomp  at  first  as  there  is  danger  of  loss  from  spattering.    After  the  solution  has 
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passed  through,  rinse  paper  once  with  a  small  amount  of  hot  water,  remove  the  flask, 
and  place  a  small  lipped  beaker  under  the  funnel,  heat  the  solution  in  flask  to  boil- 
ing, and  again  pour  through  the  pax>er,  avoiding  the  use  of  the  pump  at  first.  It  is 
well  to  have  the  beaker  covered  with  a  perforated  watch  glass,  through  which  the 
funnel  passes,  to  prevent  loss  from  spattering.  The  flask  and  pai>er  are  to  be  washed 
out  with  a  small  amount  of  hot  water  (the  total  filtrate  should  not  exceed  50  cc). 

As  has  been  pointed  out  by  Hilgard,  aluminum  is  sometimes  carried  down  with 
the  phosphoric  acid  from  soil  solutions  when  precipitating  with  molybdate  solution, 
in  which  case  some  of  the  phosphoric  acid  will  not  be  dissolved  in  the  treatment 
with  ammonia.  This  will  be  indicated,  first,  by  the  appearance  of  a  white  precipi- 
tate upon  dissolving  the  yellow  precipitate  in  ammonia ;  and  second,  by  the  difficulty 
experienced  in  washing.  If  such  a  precipitate  be  present  in  any  appreciable  quan- 
tity, proceed  as  follows :  Aft«r  washing  out  all  the  ammoniacal  solution  as  directed 
above,  place  a  small  beaker  under  the  funnel,  close  all  valves,  fill  the  filter  one- 
third  full  of  hot  water,  add  a  few  cubic  centimeters  of  concentrated  HNO3,  proceed 
as  if  dissolving  phospbomolybdate  in  ammonia,  receiving  final  solution  and  wash- 
ings in  the  flask  previously  used,  dilute  with  water  to  about  100  cc,  add  20  cc  of  75 
I>er  cent  ammonium-nitrate  solution,  precipitate  with  50  cc  of  molybdate  solution  in 
exactly  the  same  manner  as  before,  filter  off  the  precipitate,  wash,  dissolve  in 
ammonia,  and  add  to  first  portion. 

To  the  warm  ammoniacal  solution  in  the  beaker,  add  HCl  until  the  yellow  color 
appears,  then  add  a  few  drops  of  ammonia  until  the  solution  clears,  cool,  add  5  cc  of 
filtered  magnesia  mixture  from  a  burette,  a  drop  at  a  time,  with  constant  stirring,  let 
stand  fifteen  minutes,  add  20  co  of  strong  ammonia  sp.  gr.  0.90,  allow  to  stand 
over  night,  filter,  wash  precipitate  with  dilute  ammonia,  dry,  ignite  intensely  over 
blast  lamp  until  white  or  nearly  so,  cool  in  a  desiccator  and  weigh  the  MgaPsOr 
secured. 

The  reagents  used  which  have  not  already  been  described  are  the  same  as  used  in 
the  official  fertilizer  work. 

For  a  detailed  discussion  of  this  method  see  A.  O.  A.  C.  Report  for  1894,  page  58. 

12,— Total  nitrogen. 

Weigh  out  from  7  to  14  grams  of  soil,  transfer  to  an  ordinary  small-sized  Kjeldahl 
digesting  flask,  and  boil  for  one  hour  with  30  cc,  or  as  much  as  may  be  required,  of 
concentrated  sulphuric  acid  and  0.7  gram  of  yellow  oxid  of  mercury.  Remove  from 
over  flame,  and  while  still  hot  carefully  add  crystals  of  potassium  permanganate 
until  the  green  color  is  permanent  after  stirring,  cool,  fill  flask  about  half  fnll  of 
water,  shake  contents,  and  after  allowing  the  heavy  portion  to  subside,  pour  the 
solution  into  a  flask  of  1,000  or  1,200  cc  capacity,  continue'*the  washing  by  decanta- 
tion  until  all  the  ammonium  sulphate  has  been  removed,  and  continue  the  determi- 
nation exactly  as  under  the  Kjeldahl  method  for  fertilizers,  as  given  in  the  Methods 
of  Analysis  adopted  by  the  A.  O.  A.  C,  September,  1895,  pages  16  and  17. 

While  unnecessary  in  all  ordinary  cases,  if  the  soil  be  known  to  contain  an  unusu- 
ally large  amount  of  nitrates  the  Kjeldahl  method,  as  modified  to  include  nitrates, 
should  be  used. 

It  is  necessary  to  use  an  nnnsnally  large-sized  distillation  flask  in  order  to  prevent 
violent  bumping  and  consequent  breaking  of  flasks  on  account  of  the  bulky  pre- 
cipitate present. 

AMENDED  AXD  ADOPTED   REPORT  OF   THE    COMMITTEE    ON  RECOM- 
MENDATIONS IN  RELATION  TO  SOILS, 

It  is  recommended — 

(1)  That  the  further  trial  of  fifth  normal  HCl  for  determining  the  phosphoric  acid 
requirements  of  soils  be  referred  to  the  reporter  for  1897. 

(2)  That  the  trial  of  ammonium  chlorid,  calcium  ohlorid,  etc.,  for  determining  the 
potash  requirements  of  soils  be  referred  to  the  reporter  for  1897. 
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(3)  That  on  page  42,  section  8,  under  ''Determination  of  total  nitrogen/'  the 
description  of  the  method  as  given  by  the  rei>orter  be  substituted  for  that  as  printed 
in  the  proceedings  for  1895. 

(4)  That  the  reporter  for  1897  test  the  applicability  of  the  determination  of  the 
nitrogen  in  the  hnmus  as  a  means  of  ascertaining  the  need  of  nitrogen  fertilization 
(proposed  by  Hilgard),  and  that  the  humus  for  this  purpose  be  obtained  by  the  Hub- 
ten  method. 

(5)  That  the  question  of  the  neoessity  for  more  general  acid  tests  of  soils  be 
referred  to  the  reporter  for  1897. 

U.  J.  Whebler, 
For  Committee  on  Recommendations  of  Reporters, 

The  Pbesident.  I  notice  that  the  Assistant  Secretary  of  Agricul- 
tare  is  present,  and  I  am  sore  we  will  all  be  glad  to  hear  from  him.  He 
was  actively  connected  with  the  association  at  its  beginning. 

Mr.  Dabney.  I  do  not  feel  that  I  am  a  stranger  here,  although  I 
have  been  away  so  long  that  I  feel  somewhat  like  a  prodigal  son  return- 
ing to  his  father.  I  have  watched  with  much  interest  the  work  of  this 
association,  and  I  regard  it  as  the  best  technical  association  in  this 
coantry,  if  not  in  the  world.  It  has  been  to  me  a  matter  of  pride  to  see 
the  great  and  helpful  work  which  it  has  done.  I  regret  that  circum- 
stances over  which  I  had  no  control  have  kept  me  away  from  the  meet- 
ings of  this  association  for  so  many  years.  I  recall  with  pleasure  the 
memories  of  my  earlier  associations  with  this  body,  and  I  would  advise 
young  men  to  stick  to  their  desks,  and  not  wander  off  into  executive 
work.  Molecules  and  atoms  are  far  more  attractive,  as  a  rule,  than 
men  and  affairs. 

I  thank  you,  gentleman,  for  the  invitation  which  was  extended  to  me 
to  be  present,  and  for  this  opportunity  to  say  a  word  to  you. 

The  Pbesidsnt.  The  next  thing  in  order  is  the  presentation  of  papers 
on  soil  and  soil  analyses. 

Mr.  Huston  read  a  paper  on  the  subject. 

son.  SOLVENTS  FOB  AVAn.ABLE  POTASH  AND  PHOSPHOBIO  AOH). 
By  H.  A.  Huston  and  J.  M.  Bartlbtt. 

It  seems  to  be  accepted  that  in  the  case  of  worn  soils  solution  in  strong  mineral 
acid  gives  little  insight  into  the  availability  of  their  potash  and  phosphoric  acid. 
More  recently  the  nse  of  dilute  organic  acids,  such  as  the  1  per  cent  citric  acid  used 
by  Dr.  Bernard  Dyer^  and  the  acid  ammonium  oxalate  used  by  Dr.  A.  M.  Peter,^  has 
been  tried  with  more  promising  resnlte.  The  theory  of  the  use  of  dilute  organic  acid 
solntions  seems  to  rest  on  the  idea  that  plant  roots  give  off  fluids  containing  organic 
acids  which  act  on  the  soil  in  a  degree  comparable  with  the  effect  of  the  dilute  acids 
employed  in  the  laboratory  experiments. 

While  I  do  not  qnestion  that  plant  roots  in  contact  with  polished  marble  or  even 
granite  may  make  appreciable  markings  on  the  carbonate  of  lime  and  on  the  feldspar 
of  the  granite,  the  conditions  of  the  experiment  as  nsnally  conducted  differ  radically 
from  those  found  in  the  field,  for  in  the  experiment  the  plants  are  not  supplied  with 

>  Jour.  Chem.  Soc.  London,  March,  1894.    This  paper  contains  a  r€sum^  of  sugges- 
tions by  various  authors  and  special  investigations  by  Dr.  Dyer. 
'Chem.  Div.  U.  8.  Dept.  Agr.,  Bull.  47,  p.  32. 
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normal  soil  water.  So  far  as  I  have  observed,  normal  soil  waters  give  an  alkaline 
reaction.  No  inconsiderabh^  part  of  the  food  of  the  plants  comes  to  it  dissolved  in 
the  soil  waters.  The  work  of  Dr.  J.  H.  Wheeler^  shows  what  marked  difficulty  is 
encountered  in  growing  plants  on  a  well-drained  soil  having  an  acid  reaction. 

Soil  waters  rising  from  a  subsoil  are  charged  with  more  or  less  of  mineral  salts; 
and  if  the  upper  layers  of  the  soil  have  a  different  composition  from  the  lower  layers 
in  which  the  soil  waters  have  been  charged  we  may  expect  chemical  changes  to  take 
place  according  to  the  well  established  facts  of  soil  absorption. 

In  view  of  these  considerations  some  work  was  undertaken  with  alkaline  solvents, 
llie  first  solution  used  contained  the  same  amount  of  ammonium  oxalate  as  the  solu- 
tion used  by  Dr.  Peter;  but  instead  of  the  acid  an  amount  of  ammonia  equivalent 
to  the  acid  was  added.  All  work  is  based  on  the  same  relative  quantities  of  soil  and 
solution  as  used  by  Dr.  Peter — 200  grams  soil  aud  1,000  cc  solution.  In  working  with 
Dyer's  solution  the  digestions  continued  at  room  temperature  for  seven  days  withshak 
iug  at  frequent  intervals.  All  the  other  digestions  were  continued  for  five  hours 
with  constant  shaking  in  the  apparatus  described  in  Indiana  Agricultural  Experi- 
ment Station  Bulletin  55,  and  Wiley's  Principles  and  Practice  of  Agricultural  Anal- 
ysis, Volume  II,  page  142.  The  flasks  were  inverted  every  thirty  seconds.  The 
utmost  care  was  used  to  secure  clean  precipitates  of  potassium  platinic  chlorid. 

THB   SOILS   USED. 

The  Kentucky  soils  are  those  used  for  work  by  the  Association  of  Official  Agricul- 
tural Chemists  for  the  past  two  years,  and  are  described  on  page  31  of  Bulletin  47, 
Chemical  Division  United  States  Department  of  Agriculture.  Briefly  stated,  the 
soil  requires  the  addition  of  potash  to  produce  satisfactory  crops  of  corn,  potatoes, 
and  tobacco,  but  seems  to  contain  enough  available  potash  for  a  good  wheat  crop. 
The  field  tests  indicate  abundance  of  available  phosphoric  acid.  Soil  No.  1  has 
received  phosphoric  acid  and  nitrogen,  aud  soil  No.  2  has  received  potash  and  nitro- 
gen. Of  the  Indiana  soils  the  one  marked  ''Turley '*  is  from  Orange  County.  It  is  a 
medium  clay,  resting  on  a  red  clay,  which  in  turn  rests  on  the  limestone  rock  of  the 
region. 

The  land  has  been  under  cultivation  for  some  seventy  years  and  at  one  time  was 
80  badly  worn  as  to  be  considered  of  very  little  value.  The  sample  was  drawn  after 
plowing  for  corn  in  the  spring  of  1896.  In  1895  wheat  had  been  so  poor  on  this  land 
that  hogs  were  turned  in  to  eat  the  standing  crop.  In  the  spring  of  1896  the  clover 
was  so  uneven  that  the  land  was  put  in  corn,  of  which  it  produced  in  this  very 
favorable  year  for  com  37  bushels  i>er  acre  on  the  unfertilized  plats.  The  owner 
does  not  believe  that  it  can  produce  a  profitable  crop  of  wheat  without  the  use  of 
some  commercial  fertilizer  or  manure.  The  usual  application  has  been  100  pounds 
ground  bone  per  acre.  The  flehl  tests  this  year  showed  marked  gain  in  com  from 
the  use  of  acid  phosphate  and  potash,  but  increasing  the  amount  of  potash  from  30 
to  60  pounds  per  acre  gave  no  increased  yield.     Original  timber,  oak. 

The  soil  marked  ** Campbell"  is  from  Monroe  County,  and  represents  a  cold,  badly 
drained  clay,  resembling  the  so-called  ''crawfish"  clay.  Commercial  fertilizers  are 
considered  necessary  for  wheat.  Field  tests  this  year  showed  marked  gains  on  corn 
from  the  use  of  acid  phosphate  and  potash,  but  increaning  the  amount  of  potash 
from  30  to  60  pounds  per  acre  gave  no  increased  yield.  Original  timber,  poplar  and 
mixed  hard  woods. 

The  station  land  is  a  second-bottom  soil  resting  on  gravel.  It  is  a  dark,  productive 
loam.  In  favorable  seasons  the  land  will  produce  50  bushels  of  com  and  30  bushels 
of  wheat  per  acre  without  the  use  of  fertilizers  or  manure.  While  commercial  fer- 
tilizers have  some  effect  in  increasing  the  crops,  the  use  of  them  on  this  land  has  not 
been  profitable.    Original  timber:  Black  walnut,  oak,  maple,  wild  cherry,  and  some 


1  Rhode  Island  Agr.  Exp.  Sta.,  7lh  Ann.  Rpt.,  p.  152. 
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hickory.  The  plats  from  which  the  samples  were  drawn  have  been  in  wheat  since 
1888.  Plats  3  E.  1  and  3  E.  4  have  received  no  fertilizers,  plat  3  E.  2  has  received 
'' complete"  chemical  fertilization,  and  plat  3  £.  5  has  secured  applications  of  barn- 
yard manure.  In  five  years  (1890  to  1894)  3  E.  1  lost  to  crop  8.1  pounds  phosphoric 
acid,  11.3  pounds  potash,  and  17.8  pounds  nitrogen;  plat  3  E.  4  lost  7.2  pounds  phos- 
phoric acid,  10.1  pounds  potash,  and  15.9  pounds  nitrogen;  plat  3  E.  2  lost  net  0.8 
pound  phosphoric  acid«  3.2  pounds  potash,  and  7.9  pounds  nitrogen ;  plat  3  E.  5 
gained  4.2  pounds  phosphoric  acid,  6.9  pounds  potash,  and  0.3  pound  nitrogen.  The 
plats  contain  one-tenth  acre  each.  Plat  3  E.  4,  a  blank  plat,  contains  humus  (by 
Huston's  method)  ^  5.3  per  cent,  and  nitrogen  in  this  humus  4.52  per  cent.  Plat  3  E. 
5,  which  has  received  barnyard  manure,  contains  humus  5.6  per  cent,  and  nitrogen 
in  this  humus  5.71  per  cent. 
The  mechanical  analyses  of  the  Indiana  soils  are  shown  in  Table  I. 

Tablk  I. 


Source. 


Tnriey 

Campbell 

Stetion3E.4 


Gravel. 


Percent 
0.25 
1.57 
1.56 


Coarse 
sand. 


PereenL 

0.16 

.67 

2.66 


Sand. 


Per  cent. 
7.05 
12.23 
13.03 


Silt. 


Per  cent. 
30.82 
45.02 
35.42 


Clay. 


Percent. 
47.64 
35.21 
36.54 


Moisture 

and 
organic. 


Percent 
5.31 
5.08 
9.04 


Total. 


Per  cent 
100.23 
99.78 
99.97 


Since  Peter's  solution  and  the  alkaline  ammonium  oxalate  contain  a  salt  of  ammo- 
nia it  was  thought  that  the  phenomena  of  soil  absorption  might  come  into  play.  To 
test  this  a  solution  of  the  same  alkalinity  but  containing  the  same  amount  of  ammo- 
nia as  chlorid  as  was  contained  in  the  other  solutions  in  the  form  of  oxalate  was 
used.  To  test  the  question  of  soil  absorption  pure  and  simple  a  neutral  solution  of 
ammonium  chlorid,  17.2  grams  to  the  liter,  the  same  amount  of  ammonium  chlorid 
as  in  the  previous  solution,  was  used. 

The  soils  were  also  digested  with  ammonium  hydrate,  sp.  gr.  0.96,  containing  17.2 
grams  ammonium  chlorid  per  liter,  and  with  ammonium  hydrate,  sp.  gr.  0.96,  alone. 
Ammonium  hydrate  was  tried  because,  as  I  have  previously  shown,'  phosphates  of 
iron  and  alumina  are  dissolved  by  ammonium  hydrate.  At  first  we  hoped  to  utilize 
the  ammonia  and  ammonium  chlorid  mixture,  but  in  the  presence  of  the  ammooium 
chlorid  not  a  trace  of  phosphoric  acid  was  dissolved. 

On  the  Kentucky  soils  a  number  of  solvents  were  tried  at  a  higher  temperature. 
This  modification  seemed  no  improvement,  rather  the  reverse,  and  it  was  decided  to 
use  room  temperatures. 

Table  II  contains  the  results  of  the  work.  The  total  potash  in  each  soil,  and  the 
amount  of  potash  and  phosphoric  acid  removed  by  hydrochloric  acid,  sp.  gr.  1.115, 
are  also  added  for  purpose  of  comparison. 

»Chem.  Div.  U.  S.  Dept.  Agr.,  Bull.  38,  p.  84;  Wiley's  Agr.  Analysis,  vol.  1,  p.  326. 
^Chem.  Div.  U.  S.  Dept.  Agr.,  Bull.  31,  p.  99. 
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Table  II. 


Source  of  8«mple. 


Kentucky: 

Ko.  3,  potash  and  rPfOs 

nitrogen XKfi. 

No.  1,  phoB.  acid  rP,0, 
and  nitrogen. . .  iKfO . 

No.l-No.3 P^». 

N0.8-N0.I K,0. 

Indiana: 

Turley /^"^» 

\k,o. 

CampbeU f^'^* 

IK,0. 
Experiment  stations : 

3 E.1, blank  flat.. Z^"!^ 
IKK). 

3  E.  2,  chemical  rP,Os 

fertilisers \K,0. 

8 E. 4, blank  flat.. I?"^* 
IK,0. 

8  E.  5,  manure f   '  * 


U 
It 


(.0541) 
(.0060) 


II 

8?- 

I 


^S 


P.cL 


0180 


"5 


^ 

I 

P 


I 


p.rt. 


(.0500)|.0776. 


P.ct 

.0138'  0 
0226.0176' 
0165*        0 


(.  0038) '.C183. 0144. 0134 


,         1 
(.0019).  0148 

(.0031)'.  0015 


P.et. 
.0492 

.0185 
.0565 
.0200 
.0073 
0082*.  0042—.  0015 


.00271 


.  0028  1. 0031 .  0025, 


.  0321 !, 

.0073 

.0244 

.0047 
.0267 
.0053 
.0258 
.0025 
.0246 
.0019 


0370 
0303 
0232' 

0553' 
0244' 
0530. 
0254. 
0447' 
0275. 
0479' 
0314*. 


I 


0016 
016! 

0157| 
0150*. 
0156 
0180. 
0140 
0155 
0157 
0158. 


I 


0. 
0248|. 

0'. 
0188 

0 
0176 

0 
0259 

0 
0136 

0 
0300 


SO 


P.  el. 

.0222! 
.0173 
.0195 
.0135 
—.0027, 


a.. 

II 


P.ct 
0 

.0196 
0 

.0165 

0 

0031 


^O  iH    — 

klkl 


P.et.    P.et.  P.ct.  P.et. 


.0337| 
.0140 
.0352 
.0148 
.0015 
—.0008 


.0025 


0 
.0162 

.0137 


0.... 
.02381.485 

oL 

.0218'l.467 

a' 


431 
340 
432 
.317 
001 


.0035 
.0058 


.0025;  .0020.0018.028 


0  0' 056 

.0274 


0 
.0152 


.0304  0 

.00731  .0177 

.0298  0 

.0067  .0183 

.0227  0 

.  0082  .  0186 
.0231 

.0104  .0218 


03962.147.354 

0' 1.045 

I  I 

.0257,1.808.283 


_l 


.124 
.038l'l.958'.450 

0 1.118 

.0300,1. 876*.  470 

0 '.121 

.03191. 955^.447 


.107 
.0334'2.036!.471 


It  will  be  seen  that  Dyer's  solntion  and  Peter*s  solation  resemble  each  other  in  a 
general  way  in  their  action  on  the  phosphates  of  the  Kentucky  soil  (rich  in  phos- 
phates) and  on  the  Turley  soil  (poor  in  phosphates) ;  while  on  the  Campbell  land 
(poor  in  phosphates)  and  on  the  station  land  (fairly  good  in  phosphates)  they  differ 
radically. 

In  their  action  on  potash  the  two  solutions  differ  widely  in  the  case  of  the  Ken- 
tucky soils  containing  too  little  ayailable  potash  for  com,  while  they  resemble  each 
other  in  their  action  on  the  other  soils  which  seem  from  field  tests  with  com  to  con- 
tain considerably  higher  available  potash  than  the  Kentucky  soils. 

Dyer's  solution  extracts  more  phosphoric  acid  from  the  Kentucky  soil  that  had 
received  phosphoric  acid  than  from  the  one  receiving  none.  From  the  station  soil  it 
extracts  the  highest  phosphoric  acid  from  the  soil  that  had  received  superphosphate; 
but  it  failed  to  extract  as  much  phosphoric  acid  from  the  soil  receiving  its  phos- 
phoric acid  in  the  form  of  manure  as  it  extracted  from  either  of  the  plats  that  had 
received  no  fertilizers.  On  the  average.  Dyer's  solution  extracts  no  more  phosphoric 
acid  from  the  station  soils  known  to  contain  a  fair  supply  of  available  phosphoric 
acid  than  frt>m  the  clay  soils  known  to  be  very  deficient  in  phosphoric  acid. 

Dyer's  solution  dissolves  more  potash  from  the  Kentucky  soil  that  had  received 
potash  than  from  the  one  not  receiving  any. 

From  the  clay  soils,  which  seem  from  field  tests  with  corn  to  be  somewhat  deficient 
in  available  potash,  it  dissolves  relatively  high  amounts  of  potash.  From  the  station 
soils  it  dissolved  no  more  potash  from  the  soil  that  had  received  full  applications  of 
muriate  of  potash  than  from  the  soils  that  had  received  no  potash. 
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Peter's  solation  would  indicate  that  there  waa  a  good  supply  of  available  phos- 
phoric acid  in  the  Campbell  soil,  where  it  is  known  to  be  deficient.  It  would  also 
indicate  that  the  Turley  land  was  higher  in  available  potash  than  the  station  soil, 
although  the  field  tests  indicate  to  the  contrary. 

The  acid  solutions  of  Dyer  and  Peter  seem  to  fail  when  applied  to  soils  of  different 
types,  although  their  indications  are  in  the  right  direction  when  applied  to  soils 
of  exactly  the  same  type,  such  as  the  Kentucky  soils. 

The  alkaline  ammonium  oxalate  dissolves  practically  as  much  potash  from  the 
Kentucky  soil  as  from  the  station  soil,  although  the  available  potash  is  much  higher 
in  the  latter,  as  shown  by  field  tests. 

It  dissolves  about  the  same  amount  of  phosphoric  acid  from  the  Kentucky  soil  as 
ttoia  the  station  soil,  both  of  which  have  a  fair  amount  of  available  phosphoric  acid, 
although  the  former  has  a  much  higher  total  phosphoric  acid  content.  It  distin- 
gnishes  these  soils  very  sharply  from  the  clay  soils  known  to  be  deficient  in  phos- 
phoric acid. 

The  alkaline  ammonium  chlorid  distinguishes  the  fertilized  from  the  unfertilized 
plata  very  sharply  on  the  station  soil  and  to  a  fair  extent  on  the  Kentucky  soil.  Its 
action  on  the  clay  lands  is  in  accord  with  what  knowledge  we  have  in  regard  to  the 
potash  in  these  soils. 

The  ammonium  chlorid  dissolved  in  ammonia,  Hp.  gr.  0.96,  gives  results  on  pot- 
ash in  the  same  general  direction  as  the  mildly  alkaline  ammonium  chlorid,  but  the 
differences  are  less  sharply  defined.  As  this  solution  is  rather  troublesome  to  work 
-with,  I  would  prefer  to  use  the  mildly  alkaline  one. 

The  neutral  ammonium  chlorid  distinguishes  very  well  the  Kentucky  soil  from 
the  station  soU,  gives  fair  indications  on  the  clay  soils,  but  fails  to  show  the  effect 
of  the  potash  salts  applied  to  the  station  soil. 

Ammonium  hydrate,  sp.  gr.  0.96,  gives  results  on  potash  that  are  quite  at  variance 
with  what  is  known  about  these  soils,  but  on  phosphoric  acid  it  gives  promising 
results.  The  character  of  the  individual  results  indicates  that  the  digestion  was  not 
continued  long  enough  to  complete  the  reaction.  Yet  the  results  clearly  distingished 
the  lands  poor  in  phosphoric  acid  from  those  known  to  be  well  supplied  with  availa- 
ble phosphoric  acid.  The  only  case  where  it  seems  at  fault  is  on  plat  1  of  the  sta- 
tion soil.  But  every  other  solvent  acts  in  the  same  way,  indicating  that  the  sample 
from  this  plat  is  really  higher  in  phosphoric  acid  than  the  sample  frt>m  the  other 
blank  plat.  No.  4.  Crop  tests  covering  five  years  show  that  plat  1  has  a  crop- 
producing  capacity  about  15  per  cent  greater  than  plat  4. 

Ammonium  chlorid  in  neutral  and  alkaline  solution  removes  notable  quantities  of 
lime  ttom  soils.     The  quantities  were  determined  and  are  given  in  Table  III. 

Tablk  III. 
Per  cent  of  calcium  oxid  removed  hy  various  solvents. 


Source  of  samikle. 

By  alkaline 
ammonium 
chlorid  (5 

hoara;  room 
temp.). 

By  neatral 

ammonium 

chlorid  (5 

hoars;  room 

temp.). 

ByHCl.,8p. 
gr.  1.115  (lb 

honra  on 
steam  bath). 

Kentac1cyiro.8 

KeatQcky  Na  1 

Turley 

0.144 
.122 
.066 
.114 
.006 
.089 
.113 
.105 

0.173 
.106 
.122 
.143 
.216 
.246 
.226 
.227 

10.61 
».31 

Campbell 

SUtionSE.  1 

Station  3  E.  2 

Stations  E.  4 

.447 
472 

Stations  E.  5 

1  I>etermined  by  Harry  Snyder.    See  Bull.  47,  U.  S.  Dept.  Agr.,  Chem.  Div.,  p.  48. 
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It  will  be  Been  that  the  alkaline  ammoniam  chlorid  removes  aboat  one-fourth  ind 
nentral  ammonium  ohlorid  about  one-half  aa  much  lime  as  the  hydrochloric  acid 
used  in  the  customary  method  of  soil  analysis.  The  station  soils  are  practically 
free  from  carbonates,  containing  an  average  of  only  0.015  per  cent  of  carbon  diozid. 

Of  the  solvents  used  we  consider  alkaline  aounonium  chlorid  and  neutral  ammo- 
nium chlorid  promising  for  available  potash  and  ammonium  hydrate  promising  for 
available  phosphoric  acid.  Alkaline  ammonium  oxalate  seems  to  do  very  well 
for  available  phosphoric  acid  in  some  cases,  but  the  material  is  rather  troublesome  to 
work  with  on  account  of  the  large  amount  of  organic  matter  that  goes  into  solution. 
Where  ammonium  chlorid  is  present  the  solutions  are  nearly  free  from  organic  mat- 
ter, iilter  very  rapidly,  and  the  ignition  is  readily  made,  leaving  only  a  small  amount 
of  bases  to  be  removed  before  determining  the  potash.  Tatlock's  method  was  tried 
for  potash,  but  proved  unsatisfactory. 

We  have  tried  chlorids  of  calcium,  magnesium,  and  sodium,  but  prefer  to  use  the 
ammonium  salt,  since  it  introduces  no  involatile  base  which  would  interfere  with  the 
potash  determination. 

We  are  now  at  work  with  ammonium  hydrate,  continuing  the  digestion  for  a  longer 
time  and  changing  the  strength  of  the  solution .  We  are  also  testing  ammonium  chlo- 
rid dissolved  in  1  per  cent  hydrochloric  acid.  We  shall  also  test  the  question  of  the 
relative  quantities  of  the  soil  and  solvent  used,  as  the  present  amounts — ^200  grama 
soil  to  1  liter  of  solvent — seems  to  involve  too  small  a  volume  of  solvent.  While  we 
feel  encouraged  by  the  outcome  of  the  work  reported  above,  it  must  be  borne  in  mind 
that  before  any  method  of  soil  testing  can  be  considered  satisfactory,  it  must  give 
reliable  indications  on  soils  of  different  types  that  have  been  subjected  to  investigation 
by  field  tests ;  and  these  tests  most  not  be  confined  to  one  crop,  but  must  relate  to  all 
the  crops  likely  to  be  produced  on  the  land  under  investigation.  From  data  now  at 
hand  it  seems  probable  that  certain  soils  may  have  ample  potash  in  an  available  form 
to  produce  good  crops  of  cereals,  while  not  having  enough  to  produce  profitable  crops 
of  com,  potatoes,  or  tobacco.  This  phase  of  the  matter  must  be  kept  in  mind  in 
deciding  upon  any  definite  amount  of  soluble  ingredients  which  shall  be  used  as  a^ 
minimum  in  judging  of  the  fertilizer  needs  of  a  soil. 

Purdue  "University  AGRicuLTrRAL  Experiment  Station,  Xovemher,  1896. 

The  President.  The  discussion  of  Professor  Haston's  paper  is  in 
order,  but  the  time  set  by  the  order  of  business  for  the  election  of 
officers  has  arrived. 

We  will  now  hear  from  the  committee  on  nominations. 

The  committee  presented  the  following  names :  For  president,  William 
Frear;  for  vice-president,  A.  L.  Win  ton;  for  secretary,  H.  W.  Wiley; 
fDr  member  of  the  executive  committee,  B.  W.  Kilgore. 

The  report  of  the  committee  was  unanimously  adopted,  and  the  gen- 
tlemen above  mentioned  declared  elected  to  the  offices  for  which  they 
were  nominated. 

The  President.  I  would  like  to  ask  Mr.  Wiley  if  it  is  not  true  that 
we  practically  have  no  man  to  become  reporter  on  soils  next  year! 

Mr.  Huston.  The  chairman  appoints  the  reporters. 

Mr.  Wiley.  It  would  be  best  for  this  society  to  have  the  reporters 
serve  two  years  instead  of  one,  and  it  would  not  be  a  very  great  addi- 
tional burden  upon  the  reporter. 

Mr.  Kilgore.  As  I  understand  this  matter,  when  it  was  brought  up 
two  years  ago  it  was  the  intention  that  reporters  should  serve  two 
years,  and  it  must  have  been  the  impression  of  the  incoming  president 
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at  that  time  that  such  was  the  case,  because  he  immediately  reap- 
pointed all  the  old  reporters,  and  there  are  quite  a  number  of  them  who 
have  served  two  years;  an<^  I  am  quite  sure  we  have  a  good  set  of 
reporters,  and  that  the  duty  is  so  pleasant  that,  even  if  they  do  not 
have  the  time,  they  would  be  willing  to  work  at  nights  to  do  this  work. 
,  Mr.  Wllby.  The  constitution  itself  says  nothing  about  the  matter. 
It  was  really  left  to  the  discretion  of  the  president  with  the  recommen- 
dation that  the  resolution  adopted  at  that  time  be  carried  out. 

Mr.  KiLGOBE.  I  think  the  understanding  was  very  clear  that  the 
associate  reporter  was  to  work  with  the  reporter  and  the  associate  was 
to  be  worked  into  the  place,  but  I  do  not  know  of  any  case  where  this 
has  been  done. 

So  far  as  the  real  work  is  concerned  the  reporter  has  done  it  all  in 
most  every  case,  and  I  think  this  plan  has  been  a  pretty  successful 
fiulure. 

Mr.  Wheeleb.  I  think  the  great  difficulty  has  been  that  the  reporter 
and  associate  reporter  have  been  so  very  far  separated. 

Mr.  LiNDSEY.  Dr.  Wheeler  served  two  years  and  did  his  duty.  It 
was  my  intention,  when  I  made  that  motion,  that  the  reporter  should 
serve  two  years.  There  was  a  sort  of  entanglement.  It  is  for  the 
benefit  of  this  association,  as  a  rule,  that  a  reporter  should  serve  two 
years,  and  I  think  he  ought  to  have  the  interest  of  the  association 
sufficiently  at  heart  to  do  it.  Of  course  it  takes  a  considerable  por- 
tion of  his  time,  but  nevertheless  it  is  in  a  good  cause.  A  man  begins 
as  a  reporter;  of  course  he  looks  up  the  subject  thoroughly  and  he 
gets  started  out  on  his  work  and  makes  out  a  line  and  accomplishes 
something  the  first  year,  but  he  learns  in  the  first  year  that  he  has 
made  mistakes  and  knows  how  to  go  to  work  to  remedy  them  the  next 
year.  If  you  take  the  second  year  away,  all  the  work  of  the  first  year 
is  lost  and  it  is  transferred  to  another  member,  and  he  makes  some  mis- 
takes and  does  not  accomplish  nearly  as  much  for  the  benefit  of  the 
association  as  he  would  if  he  continued  two  years  in  office.  With  that 
in  mind,  I  would  very  strongly  favor  that  the  reporters,  for  the  benefit 
of  the  association,  serve  two  ye^ars  in  succession. 

The  Pbesident.  Do  you  make  a  motion  that  a  provision  of  that 
kind  be  inserted  in  the  constitution  f 

Mr.  LiNDSEY.  How  would  it  be  to  have  the  motion  read,  that  ^<it  be 
the  sense  of  the  association  that  reporters  serve  two  years,''  and  leave 
it  to  the  judgment  of  the  president  to  appoiut  a  reporter  for  that 
I)eriodf 

Mr.  Huston.  I  would  like  to  make  an  amendment  to  that  motion 
that  instead  of  two  successive  years,  he  be  allowed  to  serve  more  than 
one  year.    I  do  not  think  we  had  better  put  a  limit  on  him. 

The  President.  Do  you  move  that  as  an  amendment? 

Mr.  BioELOW.  I  would  like  to  have  the  constitution  read. 

Ooustitntion  read. 
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The  Prbsident.  As  many  as  favor  the  adoption  of  the  amendment 
say  "aye.'^ 

Amendment  adopted. 

The  President.  The  question  now  is  upon  the  adoption  of  the 
motion  as  amended. 

Motion  adopted. 

The  President.  Any  further  paper  on  the  subject  of  soils  and  ash 
analyses?  If  there  are  no  further  papers,  the  discussion  of  the  report 
is  in  order. 

Mr.  KiLQOBE.  I  would  suggest  that  it  is  proper  to  present  suitable 
resolutions  with  reference  to  the  death  of  a  man  who  has  been  a  very 
strong  friend  of  this  association  and  who  has  done  a  great  deal  for  it — 
ex- Assistant  Secretary  of  Agriculture  Willits.  As  we  all  remember, 
the  remarks  before  this  association  in  the  year  past  were  very  hopeful 
and  encouraging,  and  I  feel  it  is  the  duty  of  this  association  to  appoint 
a  committee  to  prepare  a  suitable  set  of  resolutions.  I  move  that  a 
committee  be  appointed  to  draft  them. 

Motion  carried;  and  the  president  appointed  Mr.  Kilgore,  Mr.  Hus- 
ton, and  Mr.  Wiley  on  the  committee. 

The  President.  If  there  is  nothing  further  on  the  subject  of  soils 
and  ash,  the  report  on  dairy  products  is  in  order. 

On  two  of  the  other  subjects  we  have  no  formal  rejwrts,  which  will 
bring  down  the  amount  of  business  to  a  very  narrow  margin  if  we 
attempt  to  do  anything  more  to-day.  For  that  reason  I  think  a  motion 
to  adjourn  would  be  acceptable. 

Eepobteb  on  Dairy  Products.  I  should  like  to  get  rid  of  my 
report  to-day.  It  will  not  take  a  very  long  time,  and  I  shall  not  take 
more  than  ten  minutes  to  dispose  of  it. 

The  President.  What  is  the  pleasure  of  the  association  in  regard 
to  this  matter  f 

Moved  and  adopted  that  the  reporter  be  allowed  to  read  his  report. 

Mr.  Yan  Slyke  then  read  his  report,  as  follows: 

BEPOBT  OK  METHODS  FOB  THE  AUALYBIS  OF  DAIEY  PBODUOTS. 
By  L.  L.  Van  Slyke. 

It  was  the  purpose  of  the  reporter  to  give  special  attention  to  the  analysis  of 
cheese,  in  order  that  the  provisional  methods  might  be  adopted  as  permanent  in  so 
far  as  additional  work  seemed  necessary  to  accomplish  this  result.  Methods  for 
some  determinations  have  been  so  carefnUy  worked  out  that  they  do  not  require  any 
further  attention.' 

Two  points  in  particular  have  received  attention:  (1)  Preparation  of  sample,  and 
(2)  determination  of  fat.  In  addition  the  acidity  of  cheese  has  received  some  study. 
The  first  of  these  has  been  found  to  be  a  matter  of  no  small  difficulty.  Until  this 
year  different  workers  used  different  samples,  but  this  year  it  was  desi^d  to  have 
work  done  on  one  and  the  same  sample. 
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Pbsparation  of  Sample. 

A  wedge-shaped  segment  was  cut  from  the  cheese,  reaching  from  the  outer  edge  to 
the  center  of  the  cheese.  This  was  out  into  strips  and  passed  through  a  sausage- 
grinding  machine  three  times,  being  mixed  as  completely  as  possible  after  each 
grinding.  Small  jars  were  filled  from  the  cheese  thns  prepared  and  these  samples 
sent  out  for  analysis. 

In  order  to  ascertain  how  completely  and  uniformly  mixed  the  samples  were,  deter- 
minations were  made  of  the  nitrogen  in  samples  contained  in  five  different  jars, 
selected  at  random.    The  results  were  as  follows : 


Nitrogen  in— 

No.1. 

No.  2. 

No.  3. 

No.  4. 

Percent. 

4.72 

4.75 

No.  5. 

Perttnt, 

4.78 

4.87 

Pw  cent. 
4.71 

4.72 

PwetnA, 
4.79 

4.82 

Pvrevn/t. 
4.73 

4.76 

These  results  show  that  the  samples  of  cheese  sent  out  were  as  nearly  uniform  as 
it  would  be  possible  to  make  them,  but  it  is  possible  that  the  fat  was  less  uniformly 
distributed  than  the  nitrogen  compounds. 

Detkrmination  of  Fat, 

It  was  proposed  to  compare  the  following  methods  for  the  determination  of  fat : 

1.  The  present  provisional  method. 

2.  The  present  provisional  method  modified. 

3.  Extraction  of  fat  after  drying. 

4.  Babcock  test. 

The  present  provisional  method  is,  briefly,  as  follows:  The  sample  of  cheese  is 
ground  with  about  twice  its  weight  of  anhydrous  copper  sulphate  and  then  extracted 
with  ether. 

The  proposed  modification  avoids  grinding  the  weighed  sample  until  the  fat  has 
been  mostly  extracted,  thus  preventing  possible  loss  of  fat.  In  detail  it  is  as  fol- 
lows :  Use  a  test  tube  containing  a  perforation  in  the  bottom,  or,  in  place  of  this,  an 
extraction  thimble  of  fat-free  paper.  When  a  test  tube  is  used,  iilace  at  the  bot- 
tom some  extracted  cotton,  glass  wool,  or  asbestus,  and  in  addition  wrap  the  lower 
end  outside  with  filter  paper  to  prevent  particles  of  asbestus  or  copper  sulphate 
being  carried  down  through  the  perforation  into  the  extraction  flask.  Pack  the 
prepared  tube  as  follows :  Put  first  a  mixture  containing  equal  parts  of  anhydrous 
sulphate  and  pure  incinerated  sand,  filling  the  tube  for  about  2  inches.  Avoid 
packing  too  tightly.  Upon  this  place  a  little  asbestus  or  other  suitable  material. 
Then  place  the  sample  of  cheese,  which  has  been  weighed  out  for  analysis.  It 
is  very  convenient  to  place  the  weighed  sample  in  a  little  cone  of  copper  foil  or  of 
filter  paper  and  slip  this  into  the  top  of  the  tube  containing  the  copper  sulphate. 

The  extraction  is  carried  on  as  usual.  After  five  hours  the  partially  extracted 
cheese  is  removed  and  ground  with  pure  sand  in  a  mortar.  This  partially  extracted 
cheese  is  brittle,  and  grinds  up  about  as  easily  as  a  dry  cracker.  After  grinding 
with  the  sand  the  cheese  is  replaced  in  the  tube  and  the  extraction  continued  ten 
hours  longer.  In  the  grinding  there  is  no  danger  of  loss  of  fat,  because  the  cheese 
is  largely  extracted  in  five  hours,  and  little  fat  remains  in  the  residue  that  is  ground. 

The  extraction  after  drying  is  accomplished  as  follows :  Weigh  out  2  to  5  grams  of 
cheeee,  dry  at  a  temperature  of  boiling  water  for  ten  hours,  and  then  extract  with 
ether.  After  fi^^  hours  remove  the  cheese  and  grind  with  some  incinerated  sand. 
Replace  in  flask  and  continue  extraction  for  ten  hours  longer. 

The  Babcock  test  is  made  in  the  following  manner:  Use  cream  tubes;  those  designed 
by  Mr«  Bartlott,  of  the  Maine  Experiment  Station,  are  satisfactory.  Test  the  cali- 
bration of  all  bottles  used.    Weigh  the  test  bottle,  and  place  in  it  about  8  grams  of 
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cheese,  then  add  about  15  oc  of  hot  water  and  place  npon  a  water  bath  until  the 
cheese  becomes  soft,  so  that  by  shaking  the  bottle  a  uniform  mixture  is  obtained. 
Complete  the  test  in  the  same  mkuner  as  with  milk.  Multiply  the  final  reading 
by  18  and  divide  the  product  by  the  weight  of  cheese  taken,  in  grams,  to  obtain  the 
per  cent  of  fat.  If  a  sample  of  cheese  do  not  dissolve  readily  in  this  way,  add  a  few 
drops  of  strong  ammonia  in  the  bottle  after  the  water  is  added,  and  this  will  soon 
soften  the  cheese  so  that  the  test  can  be  made.  Special  attention  is  called  to  the 
precaution  that  the  sulphuric  acid  should  be  added  slowly  in  small  portions,  shak- 
ing after  each  addition,  using  a  little  more  than  is  necessary  for  complete  solution. 

It  is  suggested  that  the  extracted  residue  of  cheese  in  each  case  be  transferred  to 
an  ordinary  Babcock  testing  bottle  and  the  amount  of  fat  in  such  residue  determined. 

While  Beveral  assurances  in  regard  to  doing  the  work  were  received  and  samples 
were  sent  to  twelve  chemists,  only  three  reported  and  the  results  in  one  case  were 
much  too  low,  owing  probably  to  incomplete  extraction. 

I  will  present  the  results  of  work  done  by  the  following  persons :  S.  M.  Babcock, 
Madison,  Wis. ;  £.  N.  Eaton,  chemist  of  the  Minnesota  dairy  and  food  commission, 
and  C.  G.  Jenter,  an  assistant  chemist  in  the  New  York  (Geneva)  Station  laboratory. 

Per  cent  of  fat  in  cheese  obtained  by  the  provisional  method. 


S.M.  Babcock. 

E.  N.  Eaton. 

C.G.  Jenter. 

(1)  38.00 

(2)  38.19 

(1)  38.48 

(2)  38.68 

(3)  38.87 

(1)  88.07 

(2)  88.31 

(3)  38.37 

(4)  88.41 

(5)  38.61 

ATorago...  38.10 
LowoBt  result 

38.68 

38.35 
38.00 

Highest  resalt 

38.87 

Extreme  difference  . . 

87 

Bxtreme  difference  expressed  in  per  cent  of  total  average  amount  of  fat  found  equals  2.25  per  cent. 
Per  cent  of  fat  in  cheese  obtained  by  the  modified  provisional  method. 


3.  M.  Babcock. 

E.  N.Eaton. 

C.G.  Jenter. 

(1)89.83 
(2)88.85 

(1)  39. 80 

(2)  39.73 
%  39.85 

(1)  38.72 
(2)38.85 

(3)  39.00 

(4)  39.06 

(5)  39.29 

Average...  39.09 
Lowest  result 

39.73 

38.98 
38.72 

Highest  result 

99  85 

Extreme  difference . . 

1 

1.13 

Extreme  difference  exprensed  in  per  cent  of  total  average  amount  of  fat  found  equals  2.88  per  cent. 
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Ptr  eent  of  fat  in  theese  obtained  by  extraction  after  drying  cheese. 


S.M.Baboock. 

E.  K.Eaton. 

C.  G.  Jenter. 

(1)  39.87 

(2)  39.57 

(1)  40.00 

(2)  40.13 
(8)  40.26 

(1)  39.06 

(2)  39. 10 

(3)  39.75 

(4)  39.94 

Average...  39.47 
Lowest  reenlt 

40.13 

39.46 
39.06 

iffighest  reenlt 

40.26 

Bxtreme  difference . . 

1.20 

Extreme  difCertaxee  expreeaed  in  per  cent  of  total  arerage  amount  of  fat  found  equals  3.02  per  cent. 
Per  cent  of  fat  in  cheese  obtained  by  the  Babooek  test 


S.M.Babcock. 


(1)  39. 29 

(2)  89.29 


Average...  89.29 


E.N.EatoD. 


(1)  39.83 

(2)  39.94 
(8)  40. 05 


C.  G.  Jenter. 


(1)  39. 74 

(2)  39. 98 
(8)  40.29 


4U.00 


89.94 

Lowest  result '. 39.29 

Highest  result 40.29 

Extreme  difference 1.00 


Extreme  difforenoe  expressed  in  per  cent  of  total  average  amount  of  fat  fonnd  equals  2.40  per  cent. 

The  foregoing  results  obtained  by  the  different  methods  are  talij  as  concordant  as 
coold  be  expected  in  a  determination  of  this  character.  Attention  is  now  called  to 
the  relative  amounts  of  fat  obtained  by  the  different  methods  studied.  Averaging 
aU  the  results,  we  have  the  following: 

Per  cent. 

Provisional  method 38.55 

Provisional  method  modified 39.23 

Extraction  after  drying 39.69 

Babcock  test 39.81 

All  the  work  done  indicates  consistently  and  conclusively  that  the  present  provi- 
sional method  gives  too  low  results.  That  this  is  due  tp  incomplete  extraction ,  we 
can  easily  show.  Five  portions  of  the  same  sample  of  cheese  were  extracted  by  the 
provisional  method  for  fifteen  hours.  The  residue  was  then  powdered  and  the 
extraction  continued  for  five  hours.    Below  are  the  detailed  results. 


Per  cent  of  fat  ^^L'^^^iS^J^^ 
obtained       i    obtained  by 

in  15  houra  ex.  I  P^Jjfjlijf^*"^ 
traction.         .  extracting 
5  hours  more. 


(1)38.07 
(2)  38. 37 
(3)38.41 
(4)38.31 
(5)38.61 


(1)  0. 36 
(2)0.27 

(3)  0. 24 

(4)  0. 46 
(5)0.18 


The  amount  of  fat  obtained  by  powdering  aod  further  extracting  the  residue,  varied 
from  0.18  to  0.46  per  cent,  and  averaged  0.30  per  cent.    £ven  then  the  results  were 
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lower  than  those  obtained  by  any  other  method.  The  difference  is  probably  dne  to 
some  loss  of  fat  in  the  process  of  grinding  the  cheese  T^ith  copper  sulphate  at  the 
start.  It  is  difficult  to  avoid  some  loss  in  this  operation.  Hence,  the  present  provi- 
sional method  is  subject  to  two  sources  of  loss :  First,  loss  in  process  of  grinding 
cheese  with  copper  sulphate ;  second,  loss  from  incomplete  extraction. 

The  provisional  method  modified  gave  on  an  average  0.68  per  cent  more  fat  than 
the  provisional  method.  In  this  method  the  cheese  is  not  ground  until  most  of  the 
fat  has  been  extracted.  The  whole  operation  can  be  carried  oat  somewhat  more 
easily. 

It  will  be  seen  that  the  amount  of  fat  obtained  by  extraction  after  dryii^g  is  still 
greater  than  by  the  provisional  method  or  its  modification.  The  fat  thus  obtained 
is  dark  brown  in  color,  giving  evidence  of  imparity.  The  reporter  has  not  found 
time  to  ascertain  the  detailed  reasons  for  this  increased  yield  of  extract,  and  can  not 
therefore  recommend  this  method  at  present.  It  is  also  noticed  that  the  amount  of 
fat  obtained  by  the  Babcock  test  is  higher  than  by  any  other  method,  agreeing  most 
closely  with  the  results  obtained  by  extracting  the  fat  after  drying.  But  this  fat 
has  not  been  examined  as  to  its  purity.  If  further  work  shall  show  that  the 
extract  which  is  highest  in  amount  consists  of  equally  pure  fat,  then  it  will  be  found 
desirable  to  use  the  method  giving  such  results.  On  the  basis  of  the  data  at  hand, 
I  can  only  recommend  the  substitution  for  the  present  provisional  method  of  the 
modification  which  has  been  studied  this  year.  I  would  suggest  that  further  work 
be  done  in  studying  the  purity  of  the  fot  obtained  by  extraction  after  drying  cheese. 
The  method  which  gives  the  largest  amount  of  pure  fat  is  the  method  desired. 

DETERMINATION  OF  ACIDITY  OF   CHEESE. 

An  attempt  was  made  to  study  the  amount  of  total  acids  in  cheese  in  accordance 
with  the  following  instructions :  Agitate  10  grams  of  cheese  vigorously  with  nearly 
100  cc  of  water  at  a  temperature  of  i(P  C. ;  filter;  make  up  filtrate  to  100  cc;  titrate 
portions  of  25  cc  of  the  filtrate  with  a  standardized  solution  of  sodium  hydroxid, 
preferably  a  tenth-normal  solution.  Use  two  different  indicators  for  .comparison — 
phenolphtalein  and  cochineal.  Report  the  amount  of  actual  sodium  hydroxid  used 
for  1  gram  of  cheese. 

The  sample  of  cheese  used  was  too  old  to  give  satisfactory  results  for  this  work. 
The  following  suggestion  was  made  by  S.  M.  Babcock : 

On  account  of  the  difficulty  in  filtering  acqneous  extracts  of  cheese,  esi>ecially  if 
the  cheese  is  old,  I  would  suggest  that  the  extract  be  made  up  to  105  cc  before  filter- 
ing, 5  cc  representing  approximately  the  volume  of  the  insoluble  solids  of  the  cheese 
when  10  grams  are  taken,  and  that  25  cc  of  the  filtrate,  representing  2.5  grams 
cheese,  be  titrated.  This  would  save  much  time  and,  I  believe,  be  fully  as  accurate  as 
the  method  described,  for  it  is  impractical  to  completely  wash  the  residue  on  the 
filter  when  only  100  cc  of  water  are  used. 

RECOMMENDATIONS  FOR  CHANGES  IN  METHODS  OF  ANALYSIS  OF  CHEESE. 

la.  Preparation  of  sample. 

When  the  cheese  can  be  cut,  a  narrow  wedge-shaped  segment  reaching  from  the 
outer  edge  to  the  center  of  the  cheese  is  taken.  This  is  to  be  cut  into  strips  and 
passed  through  a  sausage-grinding  machine  three  times,  being  mixed  as  completely 
as  possible  after  each  grinding,  taking  care  to  avoid  evaporation  of  water.  From 
the  mass  thus  prepared  samples  are  taken  for  analysis. 

When  the  cheese  can  not  be  cut,  samples  are  taken  by  a  cheese  trier.  If  only  one 
plug  can  be  obtained  this  should  be  taken  perpendicularly  to  the  surface  at  a  point 
one-third  of  the  distance  from  the  edge  to  the  center  of  the  cheese.  The  plug 
should  reach  either  entirely  through  or  only  halfway  through  the  cheese.  When  pos- 
sible draw  three  plugs,  one  from  the  center,  one  from  a  point  near  the  outer  edge, 
and  one  from  a  point  halfway  between  the  other  two.  For  inspection  purposes  the 
rind  may  be  rejected,  but  for  investigations  requiring  the  absolute  amount  of  fat 
in  the  cheese  the  rind  is  included  in  the  sample.    It  is  preferable  to  grind  the  plugs 
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in  a  sausage  machine,  bat  when  thia  ia  not  done  they  are  cut  very  fine  and  carefully 
mixed. 

2b.  Determination  of  water. 

Change  first  sentence  to  read  as  follows :  From  2  to  5  grama  of  the  prepared  sam- 
ple of  cheese  are  placed  in  a  weighed  porcelain  or  platinum  dish  which  contains  a 
small  quantity  of  material,  such  as  freshly  ignited  asbestns  or  sand,  etc. 

3c.  Determination  of  fat. 

Substitute  for  present  method  the  modification  described  above  in  this  report. 
Use  2  to  5  grams  of  material. 

4.  It  is  recommended  that  the  following  be  adopted  as  a  provisional  method  for 
the  determination  of  total  acids  in  cheese :  Weigh  10  grams  of  cheese,  add  water  at 
a  temperature  of  48^  C.  until  the  volume  equals  105  cc,  and  agitate  vigorously ; 
filter;  titrate  portions  of  25  cc  of  filtrate  corresponding  to  2.5  grams  of  cheese  with 
a  standardized  solution  of  NaOH,  preferably  one-tenth  normal.  Use  phenolphtalein 
for  indicator.    Express  amount  of  acid  as  lactic  acid. 

5.  It  is  recommended  that  the  methods  of  cheese  analysis  as  modified  be  made 
o£Bcial  except  where  otherwise  provided. 

6.  It  is  recommended  that  the  next  reporter  make  a  study  of  the  fat  of  normal 
and  filled  cheese,  in  order  to  devise  a  method  for  identifying  the  latter. 

7.  It  is  recommended  that  the  next  reporter  also  consider  the  question  of  milk 
adulterants  in  form  of  preservatives  and  study  methods  of  identification. 

8.  It  is  recommended  to  adopt  the  following  as  a  provisional  method  for  the  deter- 
mination of  casein  in  cows'  milk: 

The  determination  of  casein  in  milk  should  be  made  when  the  milk  is  fresh  or 
nearly  so.  When  it  is  not  practicable  to  make  this  determination  within  twenty- 
four  hours  add  1  part  of  mercuric  chlorid  to  2,000  parts  of  milk  and  keep  in  a  cool 
place.  Weigh  about  10  grams  of  milk,  dilute  in  a  beaker  with  about  90  cc  of  water 
at  40*^  to  42^  C,  and  add  at  once  1.5  cc  of  a  solution  containing  10  per  cent  of  acetic 
acid  by  weight.  Stir  with  a  glass  rod  and  let  stand  three  to  five  minutes  or  longer. 
Then  decant  on  filter,  wash  two  or  three  times  with  cold  water  by  decantation, 
and  transfer  precipitate  completely  to  filter.  Wash  once  or  twice  on  filter.  The 
filtrate  should  be  clear  or  very  nearly  so.  If  the  filtrate  is  not  clear  when  it  first 
runs  through  it  can  generally  be  made  so  by  two  or  three  repeated  filtrations,  after 
which  the  washing  of  the  precipitate  can  be  completed.  The  washed  precipitate 
and  filter  paper  are  then  digested  as  in  tlie  regular  Kjeldahl  method  for  the  deter- 
mination of  nitrogen,  and  the  determination  of  nitrogen  is  completed  as  nsual.  To 
calculate  the  nitrogen  into  an  equivalent  amount  of  casein,  multiply  the  per  cent 
of  nitrogen  by  6.25. 

In  working  with  milk  which  has  been  kept  with  mercuric  chlorid  the  acetic  acid 
should  be  added  in  small  portions,  a  few  drops  at  a  time,  stirring  after  each  addi- 
tion, and  continuing  the  addition  of  acetic  acid  until  the  liquid  above  the  precipitate 
becomes  clear  or  very  nearly  so. 

9.  It  is  recommended  that  the  following  be  adopted  as  a  provisional  method  for 
the  determination  of  albumin  in  cows'  milk. 

The  filtrate  obtained  above  in  separating  casein  is  placed  in  a  water  bath  and 
heated  to  the  boiling  temperature  of  water  for  ten  or  fifteen  minutes.  The  filtered 
and  washed  precipitate  is  then  treated  by  the  Kjeldahl  method  for  determiniog 
nitrogen.    The  amount  of  nitrogen  multiplied  by  6.25  gives  the  amount  of  albumin. 

AMENDED  AND  ADOPTED  REPORT  OF  THE   COMMITTEE   ON  BECOM- 
MENDATIONS  IN  RELATION  TO  DAIRY  PRODUCTS, 

It  is  recommended— 

(1)  That  the  method  of  sampling  as  recommended  by  the  reporter  be  adopted  as  a 
substitute  for  the  present  method. 

(2)  That  the  amount  of  material  (cheese)  to  betaken  for  water  determination  be 
chaoged  to  that  recommended  by  the  reporter. 
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(3)  That  tlie  method  recommended  by  the  reporter  be  substituted  for  the  present 
method  under  (o)  Ether  extract. 

(4)  That  the  method  for  the  determination  of  total  aoid  in  cheese  as  described  by 
the  reporter  be  adopted  as  a  provisional  one. 

(5)  That  the  following  methods  on  page  37  be  made  official,  viz,  (a),  (b),  (c),  (d)y 
(e)y  and  (f ),  with  the  modifications  as  above  given. 

(6)  That  the  method  for  casein  in  milk  described  in  1893  by  Dr.  Van  Slyke  be 
adopted  as  a  provisional  one. 

(7)  That  the  method  for  albnmin  in  milk  as  described  in  1894  be  adopted  as  a  pro- 
visioDal  one. 

(8)  That  the  reporter  for  1897  be  authorized  to  study  methods  for  identifying  filled 
cheese. 

(9)  That  the  reporter  for  1897  be  authorized  to  study  methods  for  the  identifica- 
tion of  milk  adulterants  used  in  the  form  of  preservatives. 

H.  J.  Wheeler, 
Far  the  Committee  on  Recommendations  of  Reporters, 


A  Modification  op  the  Babcock  Method  and  Apparatus  for  Testing  Milk 

AND  Cream. 

By  J.  M.  Bartlktt. 

The  modifications  described  in  the  paper  are,  briefly  stated,  as  follows : 

First.  The  modification  of  the  method  consists,  ohiefiy,  in  filling  tbe  bottles  with 
hot  water  after  the  milk  or  cream  and  acid  are  added,  before  they  are  put  in  tbe  cen- 
trifugal machine  and  whirled,  thereby  completing  the  separation  with  one  whirling 
and  saving  the  time  required  for  the  second  whirling. 

Second.  The  modifications  of  the  apparatus  are:  The  base  portion  of  the  milk 
bottle  is  graduated,  and  the  base  portion  of  the  cream  bottle  is  reduced  in  size  and 
graduated  so  no  acid  measure  is  required. 

While  working  with  the  Babcock  test  some  months  ago  it  occurred  to  the  writer 
that  the  hot  water  might  be  added  directly  after  mixing  the  acid  and  milk  together, 
and  that  separating  the  fat  before  adding  water  was  an  unnecessary  part  of  the 
process,  if  the  right  conditions  could  be  brought  about.  Accordingly,  to  decide 
the  matter,  a  number  of  tests  were  made  with  all  conditions  the  same,  as  in  the 
regular  method,  except  that  hot  water  was  added  before  the  bottles  were  whirled. 
In  this  way  only  partial  success  was  attained.  A  few  of  the  bottles  showed  clear 
separations  of  fat,  but  many  were  cloudy,  apparently  containing  curd.  Success  in 
few  cases  gave  encouragement  for  further  trials,  so  the  investigation  was  continued 
until  the  following  method  was  hit  upon,  which  the  writer  has  used  successfully  for 
the  past  six  months  with  all  kinds  of  milk  and  cream : 

METHOD. 

After  the  milk  is  mixed  by  stirring,  or  pouring  from  one  vessel  to  another,  the 
required  amount,  17.6  cc,  is  measured  into  the  test  bottle.  It  is  then  heated  to  about 
70^  F.,  if  not  already  at  that  temperature,  by  setting  the  bottle  in  a  tank  of  warm 
water,  20  cc  of  sulphuric  acid  (sp.  gr.  1.82  to  1.825)  are  added,  and  the  bottle  shaken 
by  giving  it  a  rotary  motion  until  tbe  milk  and  acid  are  thoroughly  mixed.  The 
mixture  is  then  allowed  to  stand  not  less  than  five  minutes.  No  harm  is  done  if  it 
stand  longer,  and,  in  fact,  occasionally  some  kinds  of  milk  have  to  be  given  a  little 
more  time.  After  standing  the  necessary  time  the  bottle  is  given  another  gentle 
shake  to  mix  in  and  dissolve  any  particles  of  curd  that  may  have  risen  to  the  surface. 
Hot  water  is  then  added  nearly  to  the  10  per  cent  mark,  the  bottle  put  in  the  oen- 
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trilngal  machine,  and  whirled  for  five  minutes  at  the  rate  of  1,000  to  1,200  revolations 
per  minate.  A  steam  tnrhine  machine  is  best  for  this  purpose^  bat  a  hand  or  belt 
power  niachine  can  be  used  if  hot  water  be  put  in  the  pan  to  keep  the  fat  melted. 
After  the  whirling  is  completed  the  per  cent  of  fat  can  be  read  off  in  the  usual 
manner. 

It  would  appear  that  the  time  required  for  the  bottles  to  stand  after  the  acid  is 
mixed  with  the  milk  would  offiset  that  gained  by  omitting  the  second  whirling,  which 
is  made  in  the  old  method;  but  the  writer  has  often  found  it  necessary  with  many 
kinds  of  milk,  especially  that  from  cows  much  advanced  in  the  period  of  lactation, 
when  the  milk  is  very  rich,  to  allow  the  bottles  to  stand  a  while  when  working  the 
two- whirling  method  in  order  to  get  a  clear  separation  of  fat.  However,  everyone 
who  does  much  testing  should  have  at  least  two  sets  of  bottles,  so  there  would  be 
no  loss  of  time  by  this  process.  When  two  sets  of  bottles  are  at  hand  one  set  can 
be  charged  with  the  milk  and  acid  and  stand  while  the  second  set  is  filling,  and 
the  second  set  can  stand  while  the  first  is  whirling.  It  is  much  better  to  make 
twelve  tests  at  a  time  than  to  make  any  larger  number.  Twelve  are  about  all  one 
can  easily  read  off  before  the  fat  begins  to  cool  and  contract  in  volume. 

For  the  above-described  modification  of  the  milk  test  no  change  of  apparatus  need 
be  made,  the  writer,  however,  prefers  to  have  the  base  portion  of  the  bottle  gradu- 
ated as  before  mentioned,  so  no  acid  measure  is  required  and  only  one  pouring  of 
the  acid  is  necessary. 

By  having  the  bottle  marked  at  a  point  at  which  it  holds  37.5  cc,  one  can, 
after  the  milk  is  measured  in  with  the  pipette,  run  the  acid  in  until  it  is  filled 
to  this  point.  It  was  found  impracticable  to  use  a  bottle  with  a  smaller  base 
capacity,  like  the  cream  bottle  described  further  on,  because  of  the  larger  amount  of 
curd  in  milk  than  in  cream  and  the  smaller  size  of  the  neck  of  the  milk  bottle 
necessitating  more  space  for  shaking,  breaking  up  the  curd,  and  dissolving  it  in  tbe 
acid. 

THR  CREAM  BOTTLK. 

The  bottle  before  mentioned  and  herein  described  is  similar  to  the  regular  milk 
bottle,  also  the  Connecticut  station  cream  bottle,  except  that  the  base  portion  is 
made  of  such  size  as  to  avoid  using  an  acid  measure.  The  base  is  made  to  hold 
about  38  cc  up  to  the  neck,  and  after  the  cream  is  measured  in  the  required  amount 
of  aoid  is  added  if  the  bottle  is  filled  nearly  to  the  neck.  The  neck  portion  is  large 
enough  to  carry  25  per  cent  of  fat,  and  is  graduated  to  one-half  per  cent,  but  can  be 
easily  read  to  one-quarter  per  cent.  Each  per  cent  is  numbered.  Although  one  can 
not  read  as  closely  with  this  as  with  the  bulb-neck  bottle,  which  was  designed  to 
test  both  milk  and  cream,  and  described  in  Bulletin  No.  3,  Second  Series,  Maine 
Experiment  Station,  one  can  read  with  sufficient  accuracy  for  all  practical  purposes. 
On  account  of  the  neck  being^arger  and  shorter  the  new  style  bottle  is  more  easily 
cleaned  than  the  old,  is  less  liable  to  breakage,  and  by  using  tbe  method  previously 
given  for  milk  a  test  can  be  made  more  rapidly.  Twenty-five  per  cent  was  fixed  upon 
as  the  capacity  of  the  neck,  for  the  reason  that  a  much  higher  per  cent  necessitates  an 
increase  in  the  diameter,  which  impairs  the  accuracy  in  reading ;  and  again,  nearly 
all  cream  shipped  to  the  creameries  is  raised  by  the  cold  deep-setting  process,  and  will 
seldom  contain  more  than  20  per  cent  of  fat.  If  one  wish  to  test  separator  cream 
that  is  very  rich,  9  cc  or  9  grams  can  be  taken  instead  of  18,  9  cc  of  water  added  and 
the  usual  amount  of  acid.  The  per  cent  of  fat  obtained  in  that  case  of  course  should 
be  multiplied  by  two  to  give  a  correct  reading. 

The  method  employed  is  practically  the  same  as  for  milk.  That  good  results  and 
clear  separations  can  be  obtained  by  the  previously  described  modifications  the 
writer  and  others  connected  with  the  college  have  fully  demonstrated.  It  is  neces- 
sary, howeyer,  that  the  details  of  the  method  be  strictly  observed  to  attain  success. 
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Below  is  giyen  in  tabnlar  form  a  few  of  the  many  resolts  obtained  on  milk  and 
cream  in  comparing  the  old  procesB  with  the  one- whirling  method: 

Tw  cent  of  fat  in  milh. 


Milk. 

Milk. 

MUk. 

Cream. 

Whirlwl 
onoe. 

Whirled 
twice. 

Whirled 
onoe. 

Whirled 
twioe. 

Whirled 
once. 

Whirled  ; 
twice. 

Whirled 
onoe. 

Whirled 
twice. 

5.3 
5.6 

0.0 

4.9 
4.9 
5.2 
4.6 
5.0 

5.S 
5.6 
^0 
4.9 
5.0 
6.2 
4.6 
5.1 

5.S 
5.8 
4.7 
5.0 
5.8 
5.0 
4.9 
4.9 

5.8 
5.4 
4.6 
4.9 
5.8 
5.0 
4.9 
5.0 

S.8 
4.1 
5.2 
5.1 
5.3 
6.0 
5.0 
5.7 

3.7 
4.2 
5.0 
5.2 
6.1 
5.0 
5.2 
5.8 

Ml 
18* 
18* 
18* 
28i 
231 
17 

m 

m 

19 

The  convention  then  adjourned  till  Monday  morning. 


Digitized  by 


Google 


THIRD  DAY. 
KOHDAT— KOBHnrG  SESSIOH. 

The  Pbesidbnt.  We  will  now  proceed  with  the  report  of  the  com- 
mittee on  recommendations  of  reporters. 

Mr.  Wheeleb.  There  is  one  matter  that  I  ought  perhaps  to  have 
mentioned  in  connection  with  soils.  If  it  be  agreeable  to  the  conven- 
tion 1  will  bring  it  up  now;  if  not,  will  let  it  go  until  another  time. 

The  Pbesident.  I  suppose  there  is  no  objection. 

Mr.  Wheeleb.  The  point  is  this:  We  have  performed  experiments 
at  some  twelve  points  in  Rhode  Island  and  found  that  a  number  of  soils 
are  so  deficient  in  bases  that  the  reaction  of  the  soil  becomes  acid,  even 
on  hOltops  which  have  a  gravelly  subsoil  where  the  drainage  is  excel- 
lent. It  seems  that  the  test  for  acidity  may  in  some  cases  in  upland 
and  well-drained  soils  be  very  important  as  indicating  a  sufficiency  of 
bases  and  it  might  be  wise  to  have  a  test  for  the  reaction  of  soil  intro- 
duced into  our  soil  analyses.  It  is  recognized  by  many,  but  there  are 
many  others  who  do  not  take  it  into  consideration.  I  presented  a 
pax>er  last  year  in  this  line.    With  us  it  is  a  most  important  matter. 

The  Pbesident.  Any  remarks  on  this  subject  f 

Mr.  Wiley.  It  is  unusual  for  any  of  us  to  think  of  testing  well- 
drained  soil,  but  I  think  it  is  a  matter  of  considerable  importance  and 
that  it  should  be  looked  into  more  carefully  hereafter.  I  think  if  the 
reporter  were  instructed  to  consider  this  question  it  would  be  a  matter 
of  importance.  I  move,  therefore,  that  the  reporter  be  instructed  to 
consider  the  question  of  testing  the  acidity  of  soils. 

Motion  seconded  and  adopted. 

Mr.  Wheeleb.  I  will  now  offer  the  recommendations  on  phosphoric 
acid,  as  agreed  upon  by  the  committee. 

The  recommendation  that  the  volumetric  method  be  adopted  as 
official  was  the  subject  of  the  following  discussion : 

Mr.  Wiley.  The  first  problem  which  presents  itself  to  my  mind  is 
one  I  supposed  was  settled  by  the  national  election — that  is,  Can  we 
have  two  standards  for  the  same  thing  f  I  believe  that  our  standard 
method,  which  is  recognized  as  a  standard — that  is,  the  gravimetric 
method — should  remain  as  the  only  standard  of  value  for  the  measuring 
of  phosphoric  acid,  but  I  believe  analysts  should  be  allowed  to  use  other 
methods  in  their  routine  work  as  well  as  in  their  official  work.  I  would 
object,  however,  in  the  light  of  our  present  experience,  to  adopting  it 
as  an  equal  standard  with  the  official  gravimetric  method.    I  believe  we 
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would  be  taking  a  dangerous  step  in  doing  this,  because  the  method  is 
not  yet  sufficiently  developed.  It  seems  to  me  it  would  be  a  great  deal 
better  if  we  would  allow  it  to  remain  as  an  optional  method,  but  we 
ought  not  to  try  a  double  standard. 

Mr.  KiiiaoBE.  As  to  what  is  a  standard,  or  what  should  be  the 
standard,  I  do  not  think  that  any  method  should  be  taken  as  a  stand- 
ard, but  a  theoretical  percentage  of  pure  salt  should  be  used,  as  in 
the  case  of  the  pota«h  work.  For  the  past  three  years  the  reporters 
rather  than  take  any  method  as  a  standard  have  used  the  theoretical 
percentage  of  salt  aud  by  that  method  they  have  proven  our  present 
potash  method  to  be  a  most  excellent  one.  I  take  it  that  this  pure 
phosphate  salt  should  be  taken  as  the  standard  rather  than  any  one 
method.  We  ought  to  take  what  actually  is  as  sr  standard  rather  than 
a  method. 

Mr.  Wiley.  How  do  we  determine  the  purity  of  a  salt?  We  would 
determine  the  puiity  of  a  phosphate  salt  by  the  gravimetric  method. 
We  can  not  rely  upon  any  commercially  or  chemically  pure  salt  which 
is  sent  out.  We  must  first  test  it  and  be  sure  that  the  salt  is  pure.  If 
tbe  salt  be  certainly  pure,  as  far  as  that  particular  salt  is  concerned 
the  methods  would  be  directly  applicable.  If  we  had  the  whole  volu- 
metric as  an  optional  method  or  as  an  alternative  method  my  opposi- 
tion would  at  once  disappear.  But  I  would  object  as  a  member  of  this 
association  to  have  it  adopt  the  volumetric  as  a  standard  method  or 
place  it  on  an  equality  with  the  gravimetric  method. 

Mr.  Yan  Slyke.  As  a  member  of  the  committee  on  recommenda- 
tions, my  understanding  was  that  it  was  recommended  as  an  optional 
method. 

Mr.  Myebb.  I  am  disposed  to  take  the  position  that  Mr.  Wiley  has. 
I  doubt  the  advisability  of  tbe  association  recognizing  in  full  force  a 
system  of  analyses  which  can  not  be  worked  uniformly  by  different 
chemists  in  different  places,  and  which  is  treacherous  under  any  cir- 
cumstances, so  that  any  chemist  who  may  get  the  results  correct  a 
X)ortion  of  the  time  may  expect  a  disappointing  result  at  an  unexpected 
moment. 

In  regard  to  this  volumetric  method,  we  have  tried  honestly  and  very 
hard  to  get  the  chemists  at  our  laboratory  to  use  it  so  that  we  could 
employ  it  in  our  operations  in  fertilizer  analyses.  There  are  several 
reasons  why  it  is  desirable  to  have  a  quick  method  on  fertilizer  analyses 
if  we  can  get  a  reliable  one,  but  with  four  or  five  chemists  I  have  had 
at  work  trying  their  best  to  get  it  into  shape  to  work  satisfactorily  we 
have  failed  utterly  to  get  results  that  we  could  depend  on  as  we  can 
upon  the  gravimetric  method,  and  while  the  chemists  at  work  have 
had  full  liberty  to  use  it  if  they  wished  I  notice  they  have  uniformly 
abandoned  it,  for  the  reason  that  if  they  had  used  it  they  were  very 
liable  to  have  to  review  their  work  by  tbe  gravimetric  method  in  order 
to  determine  whether  their  volumetric  method  was  correct. 
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We  have,  it  is  trae,  an  optional  method  in  potash  determinations,  and 
I  will  venture  to  say  that  every  chemist  here,  at  least  a  large  number 
of  chemists,  will  agree  with  me  that  perhaps  there  is  no  element  in  fer- 
tilizer determinations  at  present  that  is  in  a  more  satisfactory  condition 
than  the  x>otash  determinations.  We  have  a  standard  that  is  recog- 
nized the  world  over  for  phosphoric-acid  determinations.  Shall  we 
stamp  as  official  a  method  that  will  bring  into  that  an  element  of  con- 
fusion f  I  doubt  very  much  the  advisability  of  it.  I  have  no  objection 
to  chemists,  if  they  can  use  this  method  with  precision  in  their  labora- 
tories, employing  it  if  they  wish  to,  but  I  doubt  the  advisability  of 
adopting  it  as  an  alternative  method.  I  think  it  should  be  published 
as  a  method  to  be  employed  at  the  option  of  the  chemist  if  he  fail  in 
the  other  method.  But  I  know  it  is  impossible  in  some  well-organized 
laboratories  in  this  country  to  get  concordant  results  by  that  method. 
I  know  that  it  is  imx>ossible  for  chemists  of  experience  and  most  care- 
ful training  to  get  concordant  results  by  that  method.  There  are  ele- 
ments of  inaccuracy  in  it  which  have  not  yet  been  determined,  and 
while  my  friend  claims  that  a  method  giving  concordant  results  upon 
pure  salt  has  some  elements  of  strength  in  the  argument  there  are 
elements  entering  into  this  that  weaken  his  argument,  because  he  can 
not  tell  what  he  is  working  with  when  he  has  an  impure  salt  in  hand. 

Mr.  KiLGOBE.  In  about  325  results  with  the  gravimetric  method  276 
samples  of  totals  averaged  by  the  official  10.70  per  cent,  by  the  volu- 
metric 10.72  x)er  cent.  Fifteen  solubles  averaged  by  the  official  2.61 
per  cent,  by  the  volumetric  2.55  per  cent.  The  results  agreed  very 
closely  all  the  way  through. 

Mr.  McDonnell.  I  should  like  to  see  the  association  adopt  it  as  an 
alternative  method. 

Mr.  Wheelbr.  Would  like  to  hear  from  Mr.  Kilgore  in  regard  to 
one  point.  The  x>oint  has  been  raised  that  discordant  results  have 
been  obtained  in  one  laboratory.  I  would  like  to  know  if  fn  the  results 
reported  from  other  laboratories  such  discordant  results  have  been 
obtained  or  whether  it  is  confined  to  this  one  laboratory. 

Mr.  KiL.aoBE.*£  would  merely  refer  you  to  the  report  of  last  year, 
where  the  method  was  worked  in  its  present  form  (p.  76).  I  gave  there, 
instead  of  averages,  all  the  results.  The  results  are  very  satisfactory 
aix>n  all  samples  sent  out.  There  were  no  discordant  results  that  came 
into  my  hands  last  year. 

Mr.  Johnson.  I  wish  to  warn  this  association  to  proceed  very  cau- 
tiously. The  volumetric  method  is  extremely  promising,  but  I  am 
reminded  of  some  of  my  own  experiences  in  years  gone — twenty  years 
ago — ^when  I  sought  to  use  one  of  the  later  methods  as  a  shorter  cut 
in  jTertilizer  analysis,  and  at  my  instigation  Mr.  Wells,  now  Professor 
Wells,  of  Yale  University,  made  an  investigation  of  that  method  and  he 
obtained  a  large  number  of  results  just  as  satisfactory  as  those  obtained 
by  the  original  method.    But  now  and  then  we  struck  a  snag,  and 
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although  for  one  entire  fertilizer  season  every  sample  was  analyzed  by 
both  methods,  we  finally  had  to  give  np  the  new  method  as  inaccurate. 
We  can  not  afford  to  make  any  mistakes;  we  can  not  afford  to  use  a 
method  that  we  do  not  positively  know  is  the  very  best. 

Mr.  ScovELL.  Mr.  Johnson  has  suggested  a  thing  I  have  been  think- 
ing about  for  some  time.  If  we  adopt  the  volumetric  as  an  alternative 
method,  we  adopt  it  as.  a  legal  method,  because  the  courts  have  decided 
that  official  methods  are  legal  methods.  I  remember  a  case  this  spring 
where  a  party  got  2  per  cent  more  phosphoric  acid  than  we  did.  On 
investigation  we  found  they  were  using  the  volumetric  method,  and  I 
proved  to  them  that  that  was  not  the  official  method,  because  we  had 
not  adopted  it  as  an  alternative  method.  If  we  adopt  it  as  an  altema- 
tive  method  these  manufacturers  could  make  these  analyses  by  this 
method.  That  is,  I  think,  a  serious  objection  to  adopting  it  as  an  alter- 
native method.  As  the  controller  of  fertilizers  in  my  State  I  have  to 
look  further  than  most  chemists.  I  have  to  sign  all  of  the  analyses, 
and  I  want  to  be  sure  before  signing  them,  and  I  know  by  the  present 
methods  they  are  all  right.  I  would  hesitate  if  the  analyses  were  made 
by  the  alternative  method,  because  I  might  get  into  difficulty.  If 
we  can  go  before  our  courts  and  show  that  we  are  accurate,  that  we 
adopt  only  the  best  methods,  we  have  won  the  battle  already;  but  if 
we  show  that  we  adopt  methods  that  are  not  accurate,  the  courts  may 
decide  that  these  are  not  the  best  methods.  When  we  adopt  a  method 
we  want  it  universal. 

Mr.  Wheeler.  I  wiU  say  that,  for  my  part,  I  should  hesitate  very 
much  to  make  this  method  a  method  to  be  exhibited  in  court  under  the 
present  circumstances.  I  supposed  that  it  was  understood  that  in  court 
cases  the  standard  gravimetric  method  was  the  only  method  allowable. 

Mr.  Huston.  I  suppose  it  is  understood  that  the  committee  in  recom- 
mending this  method  act  upon  the  light  which  is  presented  to  the  com- 
mittee. We  had  three  men  at  least  who  have  done  an  enormous  amount 
of  work  upon  this,  and  they  have  spoken  very  favorably  of  this  method. 
I  am  frank  to  state  here,  as  I  did  before  the  committee,  that  I  do  not 
wish  to  prevent  anyone  who  desires  to  use  this  method  from  using  it, 
but  I  will  not  allowthis  method  to  be  used  in  my  own  laboratory, because 
the  results  which  we  have  obtained  are  very  far  from  being  satisfactory; 
at  the  same  time,  I  do  not  consider  I  have  given  the  matter  a  full  trial. 
My  assistant  absolutely  refused  to  do  the  work  by  that  method.  The 
class  of  material,  however,  which  we  have  is  different  from  the  general 
fertilizer  materiaL  I  feel,  however,  that  our  experience  ought  not  to 
count  against  that  of  those  who  have  used  the  ordinary  material.  It 
was  not  in  our  hands  applicable  to  that  kind  of  material.  I  think  there 
are  some  present  who  are  neither  station  men  nor  official  chemists,  and 
I  hope  these  men  will  appreciate  and  make  use  of  the  invitation  always 
accorded  to  make  any  remarks  on  this  and  other  matters. 

Mr.  Gabpenteb.  I  am  not  connected  with  the  experiment  stations 
now.    Ab  a  rule,  I  think  you  will  agree  with  me  that  the  fertilizer  men 
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try  to  pnt  pore  goods  upon  tlie  market,  sAd  we  want  you  to  treat  as  in 
the  same  way.  If  this  method  can  not  be  handled  by  all' official  chem- 
ists, it  does  not  seem  fair  that  it  should  be  introduced — that  is,  if  it  can 
not  be  used  as  an  official  method  it  ought  not  to  be  used  as  an  alterna- 
tive method  to  be  used  by  those  disposed  to  do  so.  I  myself  have  used 
the  method  and  gotten  good  results.  I  think  the  great  trouble  has 
been  in  getting  here  and  there  a  bad  result.  'Now  and  then  you  will 
get  a  result  2  or  3  per  cent  higher  or  2  or  3  per  cent  lower,  and  in 
either  case  it  would  work  very  badly.  I  think  that  is  the  experience 
of  most  workers  with  this  method.  While  in  general  it  gives  good 
results,  occasionally  it  gives  bad  results. 

Mr.  Wkeblbb.  I  would  like  to  ask  any  others  here  who  have  used 
this  method  to  state  their  experience. 

Mr.  BuNYAN.  I  have  had  considerable  experience  with  the  volumetric 
method  in  the  last  two  years,  and  while  the  results  compared  very 
favorably  with  the  gravimetric  method,  once  in  a  while  I  would  get  a 
result  that  was  very  bad. 

Mr.  Van  Slyke.  From  the  evidence  that  was  presented  last  year  or 
even  the  year  before,  accompanied  by  the  evidence  presented  this  year 
by  the  reporter,  I  was  of  the  opinion  very  strongly  that  there  was 
scarcely  any  other  method  that  had  been  subjected  to  such  critical  inves- 
tigation which  gave  such  satisfiBK^tory  results;  but  since  listening  to  the 
discassion  this  morning  and  finding  out  that  there  are  exceptional.cases 
coming  when  we  least  exi>ect  them,  I  am  inclined  to  change  my  mind 
somewhat  and  coincide  with  the  conservative  position  of  the  association, 
and  I  therefore  move  that  we  substitute  for  the  recommendation  of  the 
committee  the  recommendation  that  this  method  be  continued  another 
year  as  a  provisional  method,  and  that  the  reporter  for  next  year  be 
asked  to  continue  work  on  this  method. 

Mr.  LoTDSBY.  I  would  suggest  that  there  be  inserted  *^upon  a  variety 
of  samples." 

Motion  as  amended  to  include  substitute  adopted. 

Mr.  LiNBSEY.  I  think  every  station  ought  to  give  this  volumetric 
method  a  very  careful  trial. 

Mr.  Wheelbb.  I  would  like  to  say  that  when  the  report  on  phos- 
phoric acid  was  made  there  was  no  objection  made  to  this  method.  I 
wonld  say  also  that  the  committee  has  to  act  just  as  a  jury — upon  the 
evidence  presented.  The  facts  presented  were  all  fiebvorable  to  this 
method,  and  hence  our  recommendation. 

The  other  recommendations  of  the  committee  were  adopted  without 
discussion  or  division,  and  the  final  form  of  the  recommendations  and 
changes  as  adopted  follow. 

Mr.  Huston.  I  think  it  would  be  the  part  of  wisdom  on  the  part  of 
this  association  to  instruct  its  reporter  to  take  into  consideration  the 
matter  of  methods  of  determination  of  total  and  so-called  available 
phosphoric  aicid  in  basic  slag. 
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Mr.  Myebs.  There  will  undoabtedly  be  a  demand  for  that  daring  the 
coming  year.  Every  station  east  of  the  Mississippi  and  throughout 
the  Eastern  and  Southern  country  will  be  confronted  by  problems 
necessitating  something  upon  that  subject.  I  think  the  reporter  at 
least  should  take  hold  of  it  during  the  coming  year.  Everything  seems 
to  be  in  chaotic  condition.  For  my  part  I  do  not  know  what  should  be 
done  with  it.  I  move  it  be  referred  to  the  reporter  on  phosphoric  acid 
for  report  at  the  next  meeting. 

Adopted. 

The  Pbesident.  The  recommendations  adopted  by  the  committee 
on  soil  analysis  will  now  be  presented. 

Mr.  Wheeler  presented  the  report  of  the  committee,  which  was 
adopted.  The  recommendations  and  changes  are  as  given  in  the 
report,  which  is  found  immediately  after  the  report  on  soil  analysis. 

Mr.  Van  Slyke.  There  was  no  opportunity  given  to  read  papers  on 
dairy  products,  and  I  have  a  paper  by  Mr.  Bartlett. 

The  President.  That  will  now  be  in  order. 

(The  paper  is  found  immediately  following  the  '^Beport  on  dairy 
products.") 

The  Pbesident.  The  next  .thing  in  order  is  the  report  on  sugar.  I 
received  a  letter  from  Dr.  Nichdiipn,  the  reporter  on  this  subject,  sev- 
eral months  ago,  stating  that  he  uu'derstood  the  meeting  would  take 
place  earlier  in  the  summer,  and  he  was  not  aware  he  had  been 
appointed  reporter,  and  that  he  was  unable  to  xirepare  any  rei)ort. 

The  next  report  in  order  will  be  that  of  fermented  and  distilled 
liquors. 

Mr.  BiGELOw.  I  regret  very  much  that  I  have  practically  nothing  to 
report  this  year.  Samples  were  sent  to  17  chemists,  who  requested 
them,  with  directions  for  the  estimation  of  glycerol  and  fiisel  oil.  Not 
a  single  report  was  received,  however,  and  my  own  results  would  not 
warrant  the  change  of  any  of  the  methods  which  have  been  in  use.  I 
have  several  additions,  however,  to  recommend  as  provisional  methods 
for  the  examination  of  distilled  liquors. 
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FBOVIBIOirAL  METHODS  FOB  THE  EXAlONATIOir  OF  DISTILLED 

UQUOBS. 

DETERMINATION   OF  FUSEL  OIL. 

Tfie  apparatoB  recommended  for  this  determination  is  BromwelFs  modification  of 
Boese's  fusel-oil  apparatus. 

The  reagents  required  are  fusel-free  alcohol  that  has  been  prepared  by  fractional 
distillation  over  caustic  6oda  or  caustic  potash,  rejecting  the  first  and  the  last 
three-fifths  of  the  distillate,  and  diluted  to  exactly  30  per  cent  by  volume  (sp.  gr. 
0.96541),  chloroform,  freed  from  water  and  redistilled,  and  sulphuric  acid  (sp.  gr. 
1.2857  at  15.6°). 

Distill  slowly  200  cc  of  the  sample  nnd^r  examination  till  about  175  cc  have  passed 
oyer,  allow  the  distilling  flask  to  cool,  add  25  cc  of  water,  and  distill  again  till  the 
total  distillate  measures  200  cc.  Dilute  the  distillate  to  exactly  30  per  cent  by 
volume »  (sp.  gr.  0.96541  at  15.6°). 

Now  prepare  a  water  bath^  the  contents  of  which  are  kept  at  exactly  15<^,  and  place 
in  it  the  apparatus  (covering  the  end  of  the  tube  with  a  rubber  cap  to  prevent  wetting 
the  inside  of  the  tube)  and  flasks  containing  the  30  per  cent  fusel- free  alcohol,  chlo- 
roform, sulphuric  acid,  and  the  distillate  diluted  to  30  per  cent  by  volume.  Wlien 
the  solotions  have  all  attained  the  temperature  of  15^,  fill  the  apparatus  to  the  20  cc 
mark  with  chloroform,  drawing  it  through  the  lower  tube  by  means  of  suction,  add 
100  cc  of  the  30  per  cent  fusel-free  alcohol  and  1  cc  of  the  sulphuric  acid,  invert  the 
apparatus  and  shake  vigorously  for  two  or  three  minutes,  interrupting  once  or  twice 
to  opeu  the  stopcock  for  the  purpose  of  equalizing  pressure.  *  Allow  the  apparatus 
to  stand  ten  or  fifteen  minutes  in  water.that  is  kept  at  the  temperature  of  15^,  turn- 
ing occasionally  to  hasten  the  settling  of  the  chloroform,  and  note  the  volume  of 
the  chloroform.  After  thoroughly  cleansing  and  drying  the  apparatus  repeat  this 
operation,  using  the  diluted  distillate  from  the  sample  under  examination  in  place  of 
the  fusel-free  alcohol.  The  increase  in  the  chloroform  volume  with  the  sample  under 
examination  over  that  with  the  fusel-free  alchol  is  due  to  fusel  oil,  and  this  difference 
(expresfled  in  cubic  centimeters)  multiplied  by  the  factor  0.663  gives  the  volume  of 
fusel  oil  in  100  cc,  which  is  equal  to  the  percentage  of  fusel  oil  by  volume  in  the  30 
per  cent  distillate.  This  must  be  calculated  to  the  percentage  of  fusel  oil  by  volume 
in  the  original  liquor. 

Example. — ^A  sample  of  liquor  contains  50  per  cent  of  alcohol  by  volume.  The 
increase  in  the  chloroform  volume  with  the  30  per  cent  fusel-free  alcohol  is  1.42  cc. 
The  increase  in  the  chloroform  volume  with  the  distillate  from  the  liquor  under 
examination  diluted  to  30  per  cent  is  1.62  cc ;  difi'erence,  0.20  cc.    The  volume  of 

*The  following  is  an  accurate  method  for  diluting  any  given  alcohol  solution  to 
a  weaker  solution  of  definite  percentage:  Designate  the  volume  percentage  of 
the  stronger  alcohol  by  V  and  that  of  the  weaker  alcohol  by  v.  Mix  v  volumes 
of  the  stronger  alcohol  with  water  to  make  Y  volumes  of  the  product.  Allow  the 
mixture  to  stand  till  full  contraction  has  taken  place  and  till  it  has  reached  the  tem- 
perature of  the  original  alcohol  and  water  and  make  up  any  deficiency  iu  the  Y 
volumes  with  water. 

Example, — It  is  desire<l  to  dilute  a  distillate  containing  50  per  cent  of  alcohol  by 
volume  until  it  contains  30  per  cent.  To  30  volumes  of  the  50  per  cent  alcohol  add 
enough  water  to  make  50  volumes,  or  place  150  cc  of  the  distillate  in  a  250  cc  flask, 
fin  to  the  mark  with  water,  mix,  cool,  and  fill  to  the  mark  again. 
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fusel  oil  in  100  cc  of  the  30  per  cent  distillate,  then,  is  0.20  X  0.663  =  0.1326,  and  by 
the  proportion  30:50: :  0.1326: 0.221  we  obtain  the  i>ercentage  of  fusel  oil  by  volume 
in  the  original  liquor. 

DETERMINATION  OF  ALDEHYDS. 

(a)  Preparation  of  reagent. 

Eighty  cubic  centimeters  of  a  saturated  solution  of  sodium  bisulphite  are  mixed 
with  a  solution  of  0.12  gram  of  fuchsin  in  about  800  co  of  water,  12  cc  of  sulphuric 
acid  added,  the  solution  thoroughly  mixed  and  diluted  with  water  to 
1  liter. 

(b)  Determination,  • 


A  portion  of  th3  sample  is  diluted  with  water  or  strengthened  with 
aldehyd-free  alcohol  until  it  contains  50  per  cent  of  alcohol  by  volume, 
and  25  cc  of  this  solution  are  treated  with  10  cc  of  the  reagent  and 
allowed  to  stand  twenty  minutes.  At  the  same  time  25  cc  of  a  solution 
of  0.05  gram  of  acetic  aldehyd  in  1,000  cc  of  50  per  cent  alcohol  are 
treated  in  the  same  manner  and  allowed  to  stand  the  same  length  of 
time.  The  relative  intensity  of  the  colors  of  the  two  solutions  is  then 
determined  by  means  of  a  colorimeter,  and  ft'om  the  figure  thus  obtained 
the  weight  of  aldehyd  is  estimated  as  acetic  aldehyd,  and  calculated  to 
percentage  of  the  original  liquor. 

DETERMINATION  OF  ETHEREAL  SALTS. 

After  the  determination  of  the  volatile  acids  the  neutralized  distil- 
late is  transferred  to  a  flask  connected  with  a  reflux  condenser,  treated 
with  25  CO  of  tenth  normal  sodium  hydroxid,  and  boiled  one-half  hour. 
The  flask  and  contents  are  then  cooled,  25  co  of  tenth  normal  hydro- 
chloric acid  added,  and  the  excess  of  acid  titrated  with  sodium  hydroxid, 
using  phenolphtalein  as  indicator.  The  number  of  cubic  centimeters  of 
tenthnormal  alkali  use<l  in  this  titration,  multiplied  by  0.0088,  is  equal 
to  the  weight  in  grams  of  ethereal  salts  (calculated  as  ethyl  acetate) 
in  the  volume  of  liquor  taken  for  the  determination. 

It  might  be  of  interest  at  this  point  to  notice  the  apparatus  that  is 
most  commonly  used  for  the  determination  of  fusel  oil. 

The  first  method  to  be  proposed  for  the  estimation  of  fusel  oil  in 
alcoholic  beverages  which  is  worthy  of  serious  attention  was  that  of 
Boese.^    He  made  use  of  the  apparatus  you  see  here  (fig.  1).    It  con- 
sists of  a  stoppered  cylinder  graduated  to  0.2  cc  from  20  cc  to  45  cc  and 
is  enlarged  to  some  extent  above  the  45  cc  mark.    The  entire  capacity 
of  the  cylinder  is  from  175  to  200  cc.    In  the  determination  the  appa- 
ratus is  filled  to  the  20  cc  mark  with  chloroform,  100  cc  of  the  sample 
Pio.  L^Isoese's  (diluted  with  water,  or  strengthened  with  fusel-free  alcohol,  until  it 
fusel-oil appa-  contains  exactly  50  per  cent  of  alcohol  by  volume)  added,  the  two 
ratoa.  liquids  thoroughly  mixed  by  agitation,  the  chloroform  allowed  to  sub- 

side and  its  volume  noted.  Throughout  the  operation  the  temperature  of  15^  must 
be  maintained.  A  blank  experiment  is  also  conducted,  using  100  cc  of  50  per  cent 
fusel-free  alcohol  instead  of  the  diluted  sample.  The  volume  of  the  fusel  oil  present 
is  equal  to  about  66.3  per  cent  of  the  increase  of  the  chloroform  volume  with  the 
diluted  sample,  less  that  with  the  fusel-free  alcohol. 

This  apparatus  and  the  method  of  its  application  have  been  modified  by  Stntzer 
and  Beitmair,^  Herzfeld,^  and  Windisch^  until  now  30  per  cent  alcohol  are  employed 
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instead  of  50  per  cent,  1  cc  of  dilate  sulphuric  acid  is  added  to  assist  in  the  separa- 
tion of  the  chloroform,  and  the  apparatus  itself  has  assumed  the  shape  you  see  here 
(fig.  2).  We  find  here  that  the  graduated  portion  of  the  apparatus  is  made  so  much 
smaller  in  diameter  that  the  error  in  reading 
is  reduced  to  0.01  cc.  This  form  of  apparatus, 
however,  is  open  to  two  serious  objeetions. 

First.  It  is  very  difficult  to  fill  it  exactly  to 
the  20  oc  mark  without  touching  the  sides  of  the 
tube  and  thus  adding  an  excessiye  amount — and, 
indeed,  an  unknown  amount — of  chloroform. 

Second.  The  smallness  of  the  stem  makes  the 
cleansing  of  the  apparatus  slow  and  incon- 
yenient. 

To  obviate  these  objections  a  further  modifica- 
tion has  been  suggested  by  Bromwell^  (fig.  3). 
This  consists  in  sealing  a  stopcock  tube  to  the 
bottom  of  the  chloroform  bulb,  to  facilitate  the 
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introduction  of  the  chloroform  and 
the  clean  sing  of  the  apparatus. 

The  other  apparatus  to  which  I 
wish  to  call  your  atteqtion  are 
Traube's  capillarimeter  and  stalag- 
mometer,  whose  application  depends 
on  the  influence  of  fusel  oil  on  the 
viscosity  of  alcoholic  liquors.  The 
advantages  claimed  for  the  forms  of 
apparatus  are  the  convenience  and 
rapidity  with  which  they  may  be 
used.  In  each  case  the  alcohol  is 
diluted  to  20  per  cent  by  volume. 


The  first  of  these,  in  point  of  time  as  well  as  in  point  of  value,  is  the  capillarimeter 
(fig.  4).    This  consists  of  a  capillary  tube  mounted  on  a  porcelain  scale.    The  scale 
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is  held  in  position  by  a  clamp  that  may  be  raised  and  lowered  by  a  screw  until  these 
two  points  (a  and  b)  just  touch  the  sarface  of  the  sample  (diluted  to  20  per  cent  by 
Yolume),  which  is  contained  in  a  dish  or  beaker  below  the  apparatus.  The  sample 
is  drawn  to  the  top  of  the  capillary  tube  several  times  by  means  of  suction,  and  the 
height  of  the  liquid  in  the*tube  is  read  on  the  porcelain  scale.  This  reading  is  cor- 
rected for  temperature,  if  not  made  at  the  temperature  for  which  the  instrument 
was  graduated,  and  subtracted  from  the  height  of  the  column  with  20  per  cent  fusel- 
free  alcohol,  which  gives  a  figure  from  which  the  volume  of  ftisel  oil  may  readily  be 
calculated  by  means  of  data  given  on  each  instrument. 

The  other  apparatus  of  Traube's  to  which  I  referred  is  the  stalagmometer  (fig.  5). 
This  consists  of  a  bent  bulb  tube  with  the  horizontal  section  and  the  point  capil- 
lary. It  is  filled  with  the  sample  under  examination  (diluted  to  20  per  cent  by  vol- 
ume), the  number  of  drops  between  the  two  points  of  graduation  above  and  below 
the  bulb  being  counted.  In  a  volume  of  the  diluted  sample,  equal  to  100  drojMS  of 
20  per  cent  fhsel-free  alcohol,  each  1.6  drops  in  excess  of  that  number  indicates  the 
presence  of  0.1  per  cent  of  fusel  oil.  The  temperature  for  which  the  apparatus  is 
graduated  and  a  temperature  correction  are  statecl  on  each  instrument. 

AMENDED  AND  ADOPTED  REPORT  OF  THE   COMMITTEE  ON  RECOM- 
MENDATIONS IN  RELATION  TO  LIQUORS. 

It  is  recommended — 

(1)  That  the  Rose  method  for  fiisel  oil  as  modified  by  Stutzer  and  Reitmair,  w^ith 
Brom well's  apparatus,  be  adopted  as  a  provisional  method. 

(2)  That  the  methods  described  by  the  reporter  for  aldehyds  and  esters  be 
adopted  as  provisional  ones. 

(3)  That  any  further  work  in  the  line  of  liquors  be  discontinued  until  called  for 
by  the  association. 

(4)  That  methods  for  detecting  the  adulteration  of  foods,  so  far  as  such  are  not 
provided  for  in  connection  with  other  reporters,  be  referred  to  the  reporter  on 
spirituous  liquors. 

H.  J.  Whkelbr, 
Far  the  Committee  on  Recommendatione  of  ReporterB, 

Mr.  WiNTON.  It  appears  that  this  reporter  on  liquors  has  had  an  easy 
time  of  it^  although  he  has  distributed  bottles,  but  no  one  seems  to 
have  had  any  time  for  analytical  work.  I  do  not  think  he  has  had  his 
share  of  the  work.  It  is  very  evident  that  a  work  of  that  nature  is 
carried  on  to  a  great  extent.  There  hardly  seems  to  be  work  enough 
for  the  reporter.  As  I  understand  it,  this  examination  of  liquors  per- 
tains largely  to  the  detection  of  adulterants.  We  know  that  the 
Department  of  Agriculture  for  a  number  of  years  past  has  done  valu- 
able work  in  examining  foods  for  adulterants.  Their  publications  are 
regarded  as  valuable  works  on  this  subject.  At  some  of  the  agricul- 
tural stations  work  in  this  line  has  been  carried  on.  It  seems  to  me 
very  proper  that  we  should  have  a  reporter  for  all  this.  I  would  there- 
fore move  that  the  duty  of  the  reporter  on  fermented  and  distilled 
liquors  be  increased,  and  that  he  may  be  made  the  reporter  of  methods 
for  the  detection  of  adulterants  in  food.  Of  course  a  great  deal  of  that 
work  is  carried  on  by  other  reporters.  The  reporter  on  dairy  products 
considers  the  matter  of  detecting  adulterants  in  milk,  cheese,  and 
butter,  etc.,  but  there  is  no  need  of  their  work  interfering. 

Mr.  HiRD.  In  regard  to  the  recommendation  of  the  use  of  this  method 
of  determining  fusel  oil:  There  is  perhaps  at  the  most  in  the  samples 
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of  liqnors  bat  two  to  three  tenths  of  1  per  cent,  so  that  the  use  of  the 
apparatas  requires  considerable  care.  Where  the  method  is  accu- 
rately carried  out  and  the  specific  gravity  is  taken,  as  it  should  be, 
the  method  assures  great  accuracy.  In  all  cases  where  this  method  is 
used,  I  might  state  that  if  carried  out  as  it  should  be  it  insures  great 
accuracy,  and  that  if  the  operator  in  making  use  of  the  same  fails  to 
secure  the  results  that  should  be  secured  he  must  not  blame  the 
method. 

The  PSESIDBNT.  The  question  arises  whether  this  matter  of  increas- 
ing the  duty  of  the  reporter  on  liquors  is  proper. 

Mr.  LiNDSEY.  I  do  not  know  how  we  could  get  out  of  the  matter, 
unless  we  refer  it  to  the  committee  on  recommendations.  ^ 

Mr.  Mtebs.  I  move  that  the  matter  be  referred  to  the  committee  on 
recommendations. 

Mr.  Fbeab.  I  would  like  to  say  regarding  food  adulterations  that  I 
have  had  a  little  work  to  do  in  that  line.  I  wish  we  had  had  a  reporter 
on  the  subject  five  years  ago.  I  would  be  heartily  glad  if  the  associa- 
tion in  some  form  would  provide  for  beginning  work  in  this  direction. 
It  seems  to  me  a  proper  subject  for  the  association  to  undertake,  since 
it  is  a  matter  of  more  than  ordinary  importance. 

Mr.  Myebs.  I  hope  the  motion  to  get  it  into  some  kind  of  shape  will 
go  forward.  I  am  perfectly  willing,  however,  to  accept  anything  else, 
80  we  get  it  into  proper  shape. 

The  Pbesident.  Eecommendations  are  referred  in  regular  order,  and 
it  seems  to  mo  this  would  be  referred  without  any  direct  motion.  If 
there  is  no  objection,  the  recommendations  are  referred  to  the  com- 
mittee. 

Mr.  Myebs.  It  is  now  half  past  12,  and  I  think  we  had  better  take  a 
recess  until  2  o'clock.  I  move,  therefore,  that  we  take  a  recess  until 
2  o'clock. 

Objection  to  this  motion,  and-  point  raised  that  it  would  be  better  to 
stay  in  session  and  finish  proceedings. 

Motion  defeated. 

The  Pbesident.  The  report  on  tanning  materials  is  now  in  order. 

Beporter  not  present. 

Mr.  YocuM.  In  the  absence  of  the  reporter  I  may  be  allowed  to  say 
that  we  feel  deeply  indebted  to  this  association.  The  publications  of 
the  association  have  been  sent  around  among  the  tanners  and  extract 
manufacturers,  and  if  to-day  an  analysis  is  made  the  extract  man  is 
not  satisfied  unless  it  is  the  method  printed  in  the  association's  records; 
neither  is  the  tanner.  I  can  not  go  further  than  that,  beyond  saying 
we  buy  a  good  deal  of  extract,  and  it  amounts  to  considerable,  looking 
at  it  entirely  from  a  commercial  point  of  view.  I  feel  greatly  interested 
in  that  line  from  that  point  of  view,  and  am  deeply  indebted  to  this 
association  for  having  brought  it  into  the  position  where  tanner  and 
extract  man  have  got  to  come  down  and  use  these  analyses  as  the  basis 
on  which  the  extracts  have  to  be  sold  and  bought.    Seventy-five  per 
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cent  of  the  extract  bought  is  paid  for  on  the  analysis,  and  the  analysis 
is  made  by  the  official  methods. 

Messrs.  Krug,  Yocam,  Haley,  and  Carr  presented  recommendations 
in  respect  of  tanning  methods,  which  were  referred  to  committee  on 
recommendations. 

The  committee  recommended  the  adoption  of  the  prox)Osed  changes. 

Mr.  Wiley.  I  move  that  the  report  of  the  committee  on  recommen- 
dations made  on  tanning  be  accepted  as  the  action  of  the  association. 

Adopted. 

The  recommendations  as  adopted  follow: 

AMENDED  AND  ADOPTED  RErORT  OF  THE  COMMITTEE  ON  RECOM- 
MENDATIONS IN  RELATION  TO  METHODS  FOR  THE  ANALYSIS  OF 
TANNING  MATERIALS. 

(1)  Preparation  of  sample. 

Barks,  woodS;  leaTes,  and  similar  tanning  materials  should  be  ground  to  such  a 
degree  of  fineness  that  they  can  bo  thoroughly  extracted. 

Extracts  must  be  heated  to  50^  C,  well  shaken,  and  allowed  to  cool  slowly  to  room 
temperature. 

(2)  Quantity  of  tanning  material. 

In  the  case  of  barks,  woods,  leaves,  etc.,  use  such  an  amount  of  the  material  as  to 
give  about  one  gram  of  total  solids  per  100  cc  of  solution,  and  extract  in  a  Soxhlet  or 
similar  apparatus.  In  the  case  of  extracts,  weigh  20  grams  dilute  with  water  at  80<^, 
cool  slowly  to  20^,  and  make  up  to  a  liter. 

(3)  Determination  of  moisture. 

Dry  5  gprams  of  the  sample  in  a  flat-bottomeu  dish  at  the  temperature  of  boiling 
water  until  the  weight  becomes  constant. 

(4)  Determination  of  total  solids. 

Shake  the  solution  and  without  filtering  immediately  measure  out  100  cc  with  a 
pi]^ette.  Care  must  be  taken  to  keep  the  solution  at  20^.  Evaporate  in  a  weighed 
dish  and  dry  to  constant  weight  at  the  temperature  of  boiling  water.  The  dishes  in 
which  the  drying  is  conducted  should  be  covered  while  they  are  in  the  oven  in 
order  to  prevent  loss. 

(5)  Detemiinatian  of  soluble  solids. 

Filter  about  125  cc  of  the  solution  (at  2(P)  through  a  double-folded  filter  (S.  and  8. 
No.  590, 25  cm),  returning  the  filtrate  through  the  filter  twice.  Evaporate  100  cc  jis 
before. 

(6)  Determination  of  tanning  substances. 

Prepare  20  grams  of  hide  powder  by  shaking  for  five  minutes  with  250  cc  of  water 
and  straining  through  linen.  Repeat  the  operation  three  times.  Finally  remove  as 
much  water  as  possible  by  squeezing  in  a  press.  Transfer  the  pressed  hide  powder 
to  a  covered  dish  and  weigh.  Dry  to  constant  weight,  at  100^,  a  portion  approx- 
imately equal  to  one- fourth  of  the  whole.  To  200  cc  of  the  original  imfiltcred  solu- 
tion (at  20*^),  add  the  remainder  of  the  hide  powder,  and  shake  for  ten  minutes. 
Add  5  grams  of  barium  sulphate  free  from  soluble  salts  and  shake  again  for  one 
minute.  Filter  immediately  through  a  folded  filter  (S.  and  S.  No.  590, 15  cm),  return- 
ing the  first  25  cc.  Evaporate  100  cc  as  before.  The  weight  of  the  residue  must 
be  corrected  for  the  dilution  caused  by  the  water  contained  in  the  hide  powder. 
The  shaking  must  be  done  in  some  form  of  mechanical  shaker.  T]^e  simple  machine 
used  by  druggists,  and  known  as  the  milk  shake,  is  recommecded.     # 

(7)  Testing  th^  "hide  powder.  ^ 

(a)  Shake  10  grams  of  the  hide  powder  with  200  cc  of  water  for  five  minutes ;  filter 
through  muslin  or  linen;  squeeze  out  thoroughly  by  hand ;  collect  the  hide  powder, 
and  repeat  the  operation  twice  with  the  same  quantity  of  water.  Pass  the  last 
filtrate  through  paper  until  a  perfectly  clear  liquid  is  obtained.    Evaporate  100  co 
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of  the  final  filtrate  in  a  weighed  dish ;  dry  at  100^  nntil  the  weight  is  constant.  If 
the  residue  amount  to  more  than  10  milligrams  the  sample  shoald  be  rejected.  The 
hide  powder  must  be  kept  in  a  dry  place  and  tested  once  a  month. 

(b)  Prepare  a  solution  of  pure  gallotannic  acid  by  dissolving  5  grams  in  1  liter  of 
water.  Determine  the  total  solids  by  evaporating  100  cc  of  this  solution  and  drying 
to  constant  weight.  Treat  200  cc  of  the  solution  with  hide  powder  exactly  as  described 
in  paragraph  6.  The  hide  powder  must  absorb  at  least  95  per  cent  of  the  total  solids 
present.  The  gallotannic  acid  used  must  be  completely  soluble  in  water,  alcohol, 
acetone^  and  acetic  ether,  and  should  contain  not  more  than  1  per  cent  of  substances 
not  removed  by  digesting  with  excess  of  yellow  murcurio  oxid  on  the  steam  bath  for 
two  hours. 

(8)  Te8ting  the  noniannin  filtrate. 

(a)  For  tannin :  Test  a  small  portion  of  the  clear  nontannin  filtrate  with  a  few 
drojMS  of  a  10  per  cent  solution  of  gelatine  (Nelson's).  A  cloudiness  indicates  the 
presence  of  tannin,  in  which  case  the  determination  must  be  repeated,  using  25  grams 
of  hide  powder  instead  of  20  grams. 

(5)  For  soluble  hide :  To  a  small  portion  of  the  clear  nontannin  filtrate  add  a  few 
drojMS  of  the  original  solution,  previously  filtered  to  remove  reds.  A  cloudiness  indi- 
cates the  presence  of  soluble  hide  due  to  incomplete  washing  of  the  hide  powder. 
In  this  case  repeat  the  determination  with  perfectly  washed  hide  powder. 

Mr.  Frear,  the  president  elect,  announced  the  committees  and  report- 
ers for  next  year.  The  names  of  the  members  designated  to  act  will  be 
found  in  the  list  of  officers.  The  president  called  for  the  report  of  the 
committee  on  pure-food  legislation. 

Mr.  Wiley.  I  am  sorry  the  committee  has  no  formal  report  to  make, 
and  the  &ult  is  entirely  mine.  Owing  to  absence  I  neglected  to  bring 
the  matter  definitely  before  the  other  members  of  the  committee,  and 
the  result  is  that  no  action  has  been  taken.  I  beg  the  indulgence  of 
the  association  for  not  having  carried  out  its  will,  and  ask  that  the 
committee  be  continued  for  another  year. 

The  request  for  the  continuation  of  the  committee  was  granted. 

The  president  called  for  the  report  of  the  committee  on  abstracts. 

The  committee  presented  the  following  report: 

'REPORT  OF  THE  OOMMITTEE  OS  AB8TRA0T8. 

Mr.  PRESIDBNT  AND  MEMBERS  OF  THE  ASSOCIATION:  YooT  oommittee  has  the 
honor  to  make  the  foUowing  report.  As  soon  as  practicable  after  the  appointment 
of  the  committee  the  work  was  organized  and  gotten  under  way,  and  the  following 
assignment  or  work  made : 

E.  TT.  Allen*  Chem,  Centralbl.,  Chem.  Ztg.,  Ann.  Chim.  et  Phys.,  BaU.  SocChim. 
Paris,  Forsch.  Geb.  agr.  Phys.;   and  the  abstract  part  of  Jour.  Chem.  Soc, 
Analyst,  Ztschr.  anaL  Chem.,  Ztschr.  angew.  Chem.,  and  Ber.  dent.  chem.  Ges. 
J.  L,  Beeeon:  Work  on  sagar  analysis  published  in  the  French  language. 
W.  D.  Bigelow :  Methods  for  fermented  and  distilled  liquors. 

B.  W.  Kilgore :  Analyst,  Chem.  News,  and  Ztschr.  anal.  Chem. 

W,  H.  Krug :  Work  on  sugar  analysis  published  in  the  German  language,  methods 
for  tannin;  and  Amer.  Jour.  Soi.,  Amer.Jour.  Pharm.,  Jour.  Franklin  Inst.,  and 
Pharm.  Jour. 

C.  L.  Parsons :  Ztschr.  anorgan.  Chem.,  Ztschr.  angew.  Chem.,  and  Amer.  Chem.  Jour. 
JJ.  •/.  Patterson :  Jour.  Amer.  Chem.  Soc,  Jour.  Chem.  Soc.  (London),  Sci.  News,  and 

Boston  Jo  or.  Chem. 
J.  M.  Peter :  Jour.  Soc.  Chem.  Ind.,  Ber.  deut.  chem.  Ges.,  and  Ltebig's  Ann.  Phys.  und 
Chem. 
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J''.  W.  Wall:  Landw.  Vers.-Sjtat.,  Ztsciir.  Nahr.-Untersuoh.  iind  Hyg.,  Ztschr.  physiol. 
Chem.,  and  Milch-Ztg. 

The  limited  namber  of  journals  within  the  reach  of  some  of  the  members  rendered 
it  impossible  to  make  an  entirely  equal  division  of  the  work.  An  effort  was  made, 
OS  far  as  the  journals  at  the  disposal  of  the  committee  permitted,  to  make  an  assign- 
ment by  subjects. 

With  the  exception  of  those  to  whom  subjects  were  assigned,  the  abstracts  were 
conf.ned  to  the  original  articles  appearing  in  their  journals,  omitting  any  abstracts 
which  might  be  included  in  these  journals.  It  was  urged  that  the  abstracts  be  sent 
in  regularly  and  as  promptly  as  possible,  as  the  Office  of  Experiment  Stations  would 
cooperate  with  the  association  and  would  undertake  to  a  considerable  extent  to  fol- 
low up  the  principal  abstract  journals  and  otherwise  supplement  the  work  which  the 
committee  might  be  unable  to  do. 

In  the  interest  of  uniformity  the  following  suggestions  were  sent  out  by  the 
chairman : 

SnOGESTIONS  FOR  COMMITTEE   ON  ABSTRACTS,  1895-96. 

The  abstract  should  state  (1)  the  English  translation  of  the  title;  (2)  the  author: 
(3)  the  reference;  (4)  a  concise  summary  of  the  contents  of  the  article,  which  should 
be  full  enough  to  bring  out  the  main  points ;  and  (5)  the  name  of  the  abstracter. 

In  giving  the  reference,  state  the  name  of  the  periodical  (using  full  and  intelligible 
abbreviations,  if  preferred),  the  volume  number  in  figures,  the  year,  the  number 
within  the  volume  (No.,  heft,  fasc,  etc.),  and  the  pages  (bej^inuing  and  ending  of 
article),  with  the  number  of  figures.  The  abstracts  ^  chemical  methods  in  Experi- 
ment Station  Record  will  serve  for  illustration. 

Govern  the  length  of  the  abstract  by  the  importance  and  value  of  the  article,  as 
far  as  practicable.  Articles  not  de'emed  worthy  of  abstracting  would  be  listed  by 
title,  thus:  ''A  new  method  for  the  quantitative  determination  of  glucose,  F,  Gand 
(Rev.  Intemat.  Falsif.,  8  (1895),  No.  10,  p.  173)."  Usually  a  few  words  of  explanation 
of  the  character  of  the  article  may  be  added  with  advantage. 

When  the  abstract  is  made  from  an  abstract  instead  of  from  the  original  article, 
give  reference  to  both  the  original  and  the  abstract,  thus :  (Chem.  Ztg.,  18  (1894),  No. 
58,  pp.  601-603;  abs.  in  Chem.  Centbl.,  1894,  II,  No.  3,  p.  105). 

Either  abstract  or  list  everything  bearing  on  methods  or  apparatus  in  the  journals 
assigned  to  you.  This  is  very  important,  in  order  to  make  our  work  complete  as  far 
as  it  goes. 

Exceptum8,^(l)  Where  journals  containing  abstracts  have  been  assigned  to  you, 
confine  yourself  to  the  original  papers,  as  the  abstracts  have  been  provided  for 
otherwise. 

(2)  Do  not  abstract  or  list  methods  for  sugar,  tannin,  and  fermented  and  distiUed 
liquors,  as  these  will  be  looked  after  by  Messrs.  Beeson,  Krug,  and  Bigelow. 

The  work  of  the  committee  began  with  the  issues  of  journals  subsequent  to  Sep- 
tember 1, 1895,  where  it  was  discontinued  by  the  preceding  committee.  The  publi- 
cation of  the  abstracts  began  in  Experiment  Station  Record,  Vol.  YII,  No.  5,  and  has 
continued  through  each  number  up  to  Vol.  YIII,  No.  3,  now  in  press.  The  printed 
work  of  the  committee  has  occupied  over  75  pages  in  the  Record.  There  remain  a 
considerable  number  of  abstracts  received  since  the  last  Record  went  to^press,  which 
will  be  included  in  the  next  number.  It  is  believed  that  the  work,  in  most  lines  at 
least,  is  well  up  to  date. 

The  committee  desires  to  acknowledge  the  efficient  assistance  rendered  by  Mr. 
W.  H.  Beal,  of  the  Office  of  Experiment  Stations,  who  has  contributed  many  abstracts 
on  fertilizers  and  soils. 

E.  W.  Allen, 
J.  L.  Bebson, 
W.  D.  Bigelow, 

B.  W.  KU.GORE, 

W.  H.  Krug, 
H.  J.  Patterson, 
W.  L.  Parsons, 
A.  M.  Peter, 

F.  W.   WOLL, 

Committee, 
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The  president  called  for  the  report  of  the  committee  on  resolutions. 
'Ibe  committee  presented  the  following  report: 

Reaolved,  That  this  assooiation  has  heard  with  great  sorrow  of  the  death  of  Hou. 
Edwin  WmitSy  late  Assistant  Secretary  of  Agriculture ;  that  during  the  time  Mr. 
WiUits  was  Assistant  Secretary  we  found  him  a  true  and  helpful  friend  of  our  asso- 
ciatioD;  ready  at  all  times  to  assist  ns  with  word  and  deed.  After  he  returned  to 
private  life  he  did  not  lose  his  interest  in  our  welfare,  nor  did  he  fail  to  attend  our 
meetings.  We  remember  with  special  pleasure  his  presence  at  our  last  meeting,  and 
the  words  of  cheer  and  advice  which  he  gave  us.  His  manly  life  and  devotion  to 
duty  wiU  ever  be  to  us  a  support  and  inspiration  to  greater  endeavor. 

That  a  copy  of  this  resolution  be  printed  as  a  part  of  our  proceedings,  and  that  one 
be  sent  to  the  family  of  our  dead  friend. 

B.   W.  KlLGORE.^ 

H.  A.  Huston. 
H.  W.  Wiley. 

Mr.  Myebs.  I  move  that  the  association  extend  to  the  Secretary  of 
Agricultore  oar  most  hearty  thanks  for  the  courtesy  he  has  extended 
as  in  publishing  our  reports  and  in  providing  facilities  for  conducting 
our  meetings. 

Mr.  Huston.  I  think  we  should  adopt  a  resolution  of  thanks  to  the 
National  Museum. 

The  President.  Both  resolutions  will  be  presented  together.  Both 
are  unanimously  adopted. 

Galls  for  a  speech  from  the  president. 

The  Pebsident.  I  am  very  thankful  for  the  very  kind  and  courteous 
manner  in  which  the  presiding  officer  has  been  treated  by  all  the  mem- 
bers of  the  association. 

Motion  to  adjourn  sine  die  carried. 
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CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICULTU- 
RAL CHEMISTS. 


(1)  This  association  shall  he  known  as  the  Association  of  Official  Agricnltoral 
Chemists  of  the  United  States.  The  objects  of  the  association  shall  be  (1)  to  seonre 
nniformity  and  accoraoy  of  the  methods,  results,  and  modes  of  statements  of  analysis 
of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other  materials  connected  with 
agricultural  indastry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of 
interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Department  of  Agricul- 
ture, or  with  any  State  or  national  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,  shall  alone  be  eligible  to  membership; 
and  one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers.  Any  person  eligible 
to  membership  may  become  a  member  at  any  meeting  of  the  association  by  present- 
ing proper  credentials  and  signing  this  constitution.  All  members  of  the  association 
who  lose  their  right  to  such  membership  by  retiring  from  positions  indicated  as 
requisite  for  membership  shall  be  entitled  to  become  honorary  members,  and  to  have 
all  privileges  of  membership  save  the  right  to  hold  office  and  vote.  All  analytical 
ohemists  and  others  interested  in  the  objects  of  the  association  may  attend  its  meet- 
ings and  take  part  in  its  discussions,  but  shall  not  be  entitled  to  enter  motions  or 
vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president,  and 
a  secretary,  who  shall  also  act  as  treasurer ;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mittee. When  any  officer  ceases  to  be  a  member  by  reason  of  withdrawing  from  a 
department  or  board  whose  members  are  eligible  to  membership,  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee,  to 
continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  president,  at  the  regular  annual  meeting,  a 
reporter  and  associate  reporter  for  each  of  the  subjects  to  be  considered  by  the 
association. 

It  shall  be  the  duty  of  these  reporters,  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same ;  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thereof,  and  recommendations  of  methods  to  be  followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  the  association,  and  at  such  time  as  shall  be  decided  by  the  executive 
committee^  and  announced  at  least  three  months  before  the  time  of  meeting. 
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(7)  Ko  changes  shall  be  made  in  the  methods  of  fertilizer  analyses,  except  l>y 
unanimous  consent,  until  an  opportunity  shall  have  been  given  all  official  chemists 
having  charge  of  fertilizer  work  to  test  the  proposed  changes. 

(8)  Special  meetings  shall  be  called  by  the  executive  committee  when  in  its  judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report  from  such  com- 
mittee may  be  adopted  by  the  approval  of  two-thirds  of  the  members  present  enti- 
tled to  vote. 
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LEH  KR  OF  TRANSMl'ITAL 


TJ.  S.  Department  of  Agricultuee, 

Division  of  Chemistry, 

Washington^  July  25^  1898, 

Snt:  I  transmit  herewith,  for  your  inspection  and  approval,  the 
nianascript  of  Bulletin  No.  50  of  this  division,  relating  to  the  composi- 
tion of  maize  in  all  its  parts. 

The  material  contained  in  this  bulletin  has  been  compiled  from  the 
records,  mostly  recent,  of  the  investigations  of  the  Division  of  Chem- 
istry of  the  composition  of  maize.  Some  of  the  data  have  also  been 
derived  from  the  researches  of  the  agricultural  colleges  and  experi- 
ment stations.  No  attempt  has  been  made  to  give  a  complete  sum- 
mary of  the  work  which  has  been  done  in  this  country  on  this  product, 
but  simply  to  present,  in  a  condensed  form,  the  more  important  data 
in  connection  with  its  composition. 

The  immediate  object  of  the  preparation  of  this  bulletin  is  to  pre- 
sent it  to  the  Third  International  Congress  of  Applied  Chemistry,  in 
Vienna.  There  is  in  Europe  a  considerable  degree  of  prejudice  against 
the  use  of  Indian  corn  as  a  human  food,  and  its  value  as  a  cattle  food, 
both  in  respect  of  its  grain  and  its  stover,  is  not  fully  appreciated.  It 
is  believed  that  this  brief  ^summary  of  our  present  knowledge  on  the 
subject  win  prove  advantageous  both  to  the  maize  growers  of  this 
ooantry  and  to  the  food  consumers  of  Europe. 
Respectiiilly, 

H.  W.  Wiley, 

Chief  of  Division. 

Hon.  James  Wilson,  Secretary. 
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THE  COMPOSITION  OF  MAIZE  (INDIAN  CORN)  AND  SOME  OF 
ITS  PRINCIPAL  PRODUCTS. 


Maize  is  the  most  important  crop  cultivated  in  the  United  States. 
The  average  area  in  maize  for  the  ten  years  ended  December  31, 1897, 
was  75,061,112  acres  (30,370,815.86  hectares),  and  the  average  produc- 
tion of  the  grain  of  maize  for  the  same  period  was  1,844,951,786  bushels 
(6 -.0,167,446.52  hectoliters). 

Maize  is  not  only  valuable  for  the  grain  which  it  produces,  but  the 
fodder,  stalk,  or  stover,  has  a  high  commercial  value  as  feeding  mate- 
rial and  for  other  purposes.  It  is  true  that  the  greater  part  of  the  fod- 
der at  the  present  time  is  left  upon  the  fields  to  be  burned  before  the 
planting  of  the  next  crop.  In  the  older  parts  of  the  country,  however, 
the  fodder  is  now  carefully  preserved  and  is  found  to  be  equally  as 
valuable  as  the  grain  when  prepared  and  fed  in  the  proper  manner. 
The  purpose  of  this  paper  is  to  present,  in  ii  condensed  form,  some  of 
the  results  of  the  extensive  chemical  examinations  which  have  been 
made  in  the  laboratory  of  the  Department  of  Agriculture  at  Washing- 
ton on  the  composition  of  Indian  corn  in  its  entirety,  and  especially  in 
relation  to  some  of  its  principal  products. 

In  all  parts  of  the  country  maize  forms  a  considerable  percentage  of 
the  food  of  our  people,  and  especially  is  this  true  in  the  Southern  States, 
where  Indian  corn  bread,  among  parts  of  the  population,  is  the  chief 
bread  food  used.  In  various  other  forms,  as  hasty  pudding  (mush)  and 
other  methods  of  preparation,  it  enters  largely  into  our  dietaries. 
Although  important  as  a  human  food,  the  principal  use  of  maize  is  as 
feed  for  live  stock;  and  it  is  also  used  for  the  manufacture  of  starch,  of 
glucose,  and  of  whisky  and  alcohol.  On  account  of  its  great  impor- 
tance, a  somewhat  careful  study  of  its  composition  is  justifiable. 

COMPOSITION  OF  THE  GRAINS. 

For  the  typical  samples  of  grain  grown  in  the  United  States  and 
collected  at  the  World's  Columbian  Exposition  at  Chicago  the  following 
represents  the  constitution : 

Weight  of  100  kernels...  grams..  38.979     Crude  fiber percent..     1.71 

Moisture , percent..  10.93       Ash do 1.36 

Proteids do 9.88       Carbohydrates  other    than   crude 

Fatandoil • do 4.17  fiber perceut..  71.95 
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The  following  table  represents  the  maxima,  minima,  and  means  of 
the  constituents  of  maize  collected  in  all  parts  of  the  world: 

Table  of  maxima,  minimaf  and  means  of  constituents  of  maize. 


Kind  of  sample. 


Weight 

of  100     Moisture.!  Proteids. 
kernels.  |  | 


Domestic  corn : 

Maxima 

Minima 

Means 

Foreign  corn : 

Maxima : 

Minima 

Means 

Means  of  samples  from  the  I 
United  States  exhibited  at 
the  Columbian  Exposition 

(18  analyses) 

Means  of  foreign  samples  ex- 
hibited at  tlie  Columbian 

Exposition  (2  analyses) 

Means  of  former  analyses  of 
the  Department  of  Agricul- 
ture : 
United  States '... 

Northern  States 

Southern  States 

Middle  West 

Far  West 

Pacific  Slope 

Jenkins    and    Winton    (208 

analyses) 

Konig  (mean  composition  of 
samples  from  various  lo- 
calities) : 

Miscellaneous  origin  (137; 

Italian  samples  (24) I 

American  samples  (80) . . . 

Dentcom  (149) 

Sugar  com  (27) 

Southeastern  Europe  (19) . 

Southnvestem  Europe  (8) . 


Orams.  Per  cent. 

a  48. 312  &12.32 

clO.608  I  69.58 

38.979  I  10.93 

<'.48.487  !  /12.60 

/ 18. 428  1  «10.43 

28.553  1  11.71 

I 
1 

38.979  '  10.93 


28.553 


hW  747  I 
37.320  I 
40.859  I 
32.457  I 
37.528  I 


Per  eenl. 

a  11. 55 

68.58 

9.88 

9 11. 55 
e9.80 
10.72 


9.88 


11.71 


tl0.04 
9.98 
8.96 
12.33 
9.50 
27.900  i         9.78 


13.35 
13.13 
10.02 
10.14 
8.70 
14.53 
12.47 


Ether 
extract. 


Crude 
fiber. 


Ash. 


Carbo- 
hydrates. 


Per  cent.    Per  cent.  I  Per  cent.  ■  Per  cent 
6  2        I       61.55  '       675.07 
dl        I      a  1.19  I       a68.97 
1.71  1.36  I  71.95 


10.72  I 


I 


j  10. 39 
10.64 
10.95 
10.89 
10.43 
8.14 

10.50 


a  5.  06 

62.94 

4.17 

^4.85 

/4.02 

4.51 


4.17  i 


4.51  ' 


I 
t5.20  I 
5.11  ! 
4.94  I 
4.97  : 
5.30 
6.40 


/2.20 ; 

«1.57  I 

1.87  i 


1.87 


{2.09 
1.41 
1.72 
2.22 
2.47 
2.07  I 


9.45 

4.29 

1 

1 

2.29  ' 

10.26 

8.84 

2.88 

10.17 

4.78 

1.67' 

9.38 

4.96 

2.21  1 

11.43 

7.79 

2.86 

9.42 

4.13 

2.34 

8.84 

5.80 

4.16 

61.55  ' 
a  1.19  I 

1.36  I 
I 
i^l.80  ' 
/I.  26 

1.51 


a  Kentucky. 
6  Indiana. 


e  Wisconsin.  e  New  South  Wales. 

d  New  Hampshire.   /  Bulgaria. 


j  1.  55 
1.54! 
1.37  I 
1.43  ' 
1.55 

1.48  ' 

I 

1.50 


1.29 
1.95 
1.40 
1.47 
1.81  ' 
1.39  ' 

2.06  ' 

I 


€71.85 

968. 02 

69.65 


09.65 


t70.69 
71.32 
72.06 
68.16 
TO.  75 
72.13 


69.33 
67.72 
68.63 
68.65 
62.76 
69.37 
05.79 


g  Argentine  Republic. 
A  1,211  analyses. 


i  114  analyses. 
j  202  analyses. 


Comparing  the  means  of  the  analyses  of  American  samples  with 
those  of  foreign  origin,  we  are  struck  with  the  excess  of  moisture  in  the 
foreign  samples.  In  those  from  southwestern  Europe  are  found  4  per 
cent  more  moisture  than  in  samples  of  domestic  origin.  Among  the 
samples  grown  in  the  United  States,  those  in  the  Middle  West,  viz, 
Iowa,  Missouri,  Nebraska,  etc.,  contain  the  largest  amount  of  moisture, 
while  those  grown  in  the  arid  region  have  the  smallest  amount.  Of  the 
domestic  samples  exhibited  at  the  World^s  Fair  it  was  found  that  the 
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mean  content  of  water  was  10.93  per  cent,  nearly  1  per  cent  higher  than 
the  mean  of  former  analyses  of  the  Department.  The  weight  of  100 
kernels  was  a  little  more  than  that  before  found,  and  this  is  not  a  sur- 
prising fact,  inasmuch  as  it  would  be  natural  for  exhibitors  to  send  not 
only  the  largest  ears  but  also  the  largest  grains  to  the  Exposition. 
The  percentage  of  proteids  in  the  domestic  World's  Fair  samples  was 
surprisingly  low,  being  about  0.75  per  cent  less  than  was  found  in  the 
samples  examined  a  few  years  ago.  On  the  other  hand,  the  iiercentage 
of  carbohydrates  was  about  one  point  higher  than  that  obtained  in  the 
former  work.  In  the  above  table  will  be  found  a  convenient  compari- 
son of  the  means  of  maize  analyses  from  all  parts  of  the  world. 

The  typical  American  maize  has  approximately  the  following  comx>o- 
sition : 


Weight  of  100 kernels grams..  38.00 

Moisture percent..  10.75 

Proteids do....  10.00 

Oil do....     4.25 


Crude  fiber per  cent . .     1. 75 

Ash do....     1.50 

Carbohydrates    other  than  crude 
fiber per  cent..  71.75 


PBOTEIDS  OF  THE  KEBNELS. 

The  maize  proteids  have  been  studied  by  Chittenden  and  Osborne, 
who  divide  them  as  follows: 

Globulins:  Unnamed,  myosin,  vitellin. 

Albumins:  (1)  Existing  in  small  quantities,  (2)  existing  in  small 
quantities. 

Zeins:  (1)  Soluble  in  alcohol,  (2)  insoluble  in  alcohol. 

Of  these  bodies  the  albumins  have  not  been  obtained  sufficiently 
pure  to  give  the  final  data  of  composftion.  The  other  proteids  have 
the  following  composition : 


Compotition  of  maize  proteids. 


ConstitDeiit  elements. 


Carbon.... 
Hydrogen 
Nitrogen. 
Sulphur . . 
Oxygen.. 


Myosin. 


Per  cent. 
52.66 

7.02  I 
16. 76  i 

1.30 
22.26  ' 


ViteUin. 


Unnamed 
globulin. 


Percent.   I    Percent 


51.71 
6.85  ' 
18.12 


22.46 


52.38 
6.82 

15.25 
L26 

24.29 


Soluble 
zeins. 


Insoluble 
zeins. 


Per  cent. 

Per  cent. 

55. 28 

55.15 

7.27 

7.24 

16.09 

16.22 

.59 

.62 

20.77 

20.77 

The  relative  quantities  of  the  different  proteids  have  been  lately 
definitely  determined,  but  the  two  zeins  comprise  by  far  the  largest 
part.  As  a  result  of  Osborne's  latest  determination,  it  may  be  stated 
that  the  mean  percentage  of  nitrogen  in  maize  proteids  is  16.057,  equiv- 
alent to  the  factor  0.23.  This  is  so  near  the  old  factor  6.25  as  to  make 
unnecessary  any  correction  in  the  percentages  of  total  proteids  given 
above. 
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VARIATIONS  IN  COMPOSITION. 


Gertain  special  varieties  of  early  maturing  roaize,  or  sweet  maize 
intended  for  table  use  when  in  the  partially  ripe  state,  are  characterized 
by  the  large  quantity  of  sugar  which  they  contain,  especially  when  the 
starch  is  still  soft.  In  the  earlier  investigations  of  the  Department  it 
was  noticed  that  the  percentage  of  crude  fiber  was  somewhat  larger  in 
varieties  grown  in  the  West  and  South  than  in  those  from  the  North 
and  East,  and,  further,  that  in  samples  grown  on  the  Pacific  coast  there 
was  a  slight  deficiency  of  proteids.  Further  investigations,  however, 
would  be  necessary  to  determine  whether  or  not  this  apparent  increase 
in  fiber  be  due  to  the  accidental  constitution  of  the  sample  or  to  the 
real  influence  of  the  soil  and  climate.  It  is  reasonable  to  expect  that 
in  som'e  slowly  maturing  varieties,  such  as  would  grow  in  the  Southwest 
and  South,  the  jiercentage  of  fiber  in  the  grain  would  be  greater  than 
in  the  more  rapidly  maturing  varieties  growing  in  the  East  and  North. 

In  the  case  of  sugar  or  sweet  corn  Richardson  found  the  mean  com- 
position of  19  samples  to  be  the  following: 

Per  cent.    |  Per  cent. 

Moistare 8.44  |  Ash 1.97 

Ether  extract 8.57     Proteids 11.48 

Grade  fiber 2. 82  '  Carbohydrates,  other  than  fiber. . .  66. 72 

This  analysis  shows  that  the  sweet  corn  has  a  considerably  larger 
percentage  of  oil  than  the  field  varieties,  and  there  is  a  larger  percent- 
age of  sugar  in  the  carbohydrates. 

A  study  of  all  the  analyses  which  have  been  made  in  this  division 
reveals  the  fact  that  maize  is  one  of  the  most  invariable  of  the  cereals, 
maintaining  under  the  most  different  climatic  conditions  a  most  remark- 
able uniformity  of  composition,  and  varying  chiefly  in  the  size,  color, 
and  general  physfcal  characteristics  of  its  kernels  rather  than  in  their 
composition.  For  detailed  information  in  regard  to  the  variations  and 
general  characteristics  of  difterent  varieties  of  maize  grown  in  dif- 
ferent localities,  Bulletins  1  and  45  or  this  division  may  be  consulted. 

MILLINa  OP  MAIZE— QUALITIES  OP  MEAL. 

The  flour  made  from  Indian  corn  is  known  in  this  country  usually  as 
corn  meal.  There  are  many  different  methods  of  preparing  it.  The 
simplest,  and  one  of  the  most  prevalent  until  within  a  few  years,  con- 
sisted in  grinding  the  kernels  between  stones  and  using  the  whole  meal, 
coarsely  sifted,  thus  produced.  Very  large  quantities  of  corn  meal 
prepared  in  this  way  are  still  used  throughout  all  parts  of  the  country, 
esx)ecially  in  the  Southern  States.  It  is  evident  that  this  meal  would 
have  nearly  the  same  composition  as  the  kernels  from  which  it  is  pre- 
pared. A  finer  grade  of  Indian-corn  flour  is  produced  by  grinding  as 
above  indicated  and  bolting  to  remove  a  Large  portion  of  the  bran. 
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The  flour  thus  obtained  differs  only  from  that  first  described  in  hav- 
ing a  smaller  content  of  fiber  and  mineral  matters,  due  to  the  removal 
of  all  or  a  iwrtion  of  the  bran  by  bolting.  On  account  of  the  high  per- 
centage of  oil  in  the  germ  of  Indian  corn,  and  by  reason  of  its  hygro- 
scopic character,  the  flour  thus  prepared  is  apt  to  become  rancid  or 
moldy.  To  prevent  this  change  and  also  to  secure  a  more  palatable 
grade  of  flour,  the  modern  improved  processes  of  grinding  and  pre- 
paring Indian  com  have  been  introduced.  Following  is  the  description 
of  the  process  or  preparing  the  flour  from  Indian  corn  as  practiced  by 
one  of  the  largest  mills  in  this  country. 

The  Indian  corn  is  passed  through  a  machine  called  a  degerminator, 
which  breaks  the  grain  and  loosens  the  germ,  but  does  not  separate  it. 
The  separation  is  made  by  means  of  bolting  cloths  and  currents  of  air. 
After  the  germ  and  hull  are  removed  the  corn  is  ground  between  iron 
rolls  properly  corrugated.  The  meal  is  again  submitted  to  the  process 
of  bolting  and  purification  by  currents  of  air  and  the  refined  product 
is  the  granular  meal.  The  offal  consists  of  the  hull,  germ,  floury  parti- 
cles, and  some  of  the  flinty  portion  of  the  corn  which  is  lost  by  the 
process  not  being  sufficiently  perfect  to  remove  it  and  include  it  in  the 
granular  meal.  The  offal  thus  removed  constitutes  from  30  to  35  per 
cent  of  the  weight  of  the  corn,  depending  upon  the  conditions  of  the 
grain.  Artificial  heat  is  used  in  this  method  of  manufacture.  It 
insures  better  results,  and  the  meal  will  keep  longer.  This  granular 
meal  is  not  in  favor  in  the  Southern  States.  They  prefer  a  soft  meal, 
made  in  the  old  way. 

Aside  from  the  method  of  manufacture  there  are  two  distinct  kinds 
of  com  meal  in  the  United  States  distinguished  by  color,  viz,  the  white 
and  the  yellow.  White  corn  makes  a  flour  which  in  color  is  quite  like 
the  flour  made  from  wheat.  On  the  other  hand,  yellow  corn  makes  a 
flour  of  a  rich  yellow,  which  is  highly  prized  in  some  quarters  on 
account  of  imparting  its  color  to  the  bread  made  therefrom.  When 
prepared  in  the  same  way  there  is  probably  but  little  difference  in  the 
nutritive  value  and  palatableness  of  these  two  varieties. 

In  Europe,  as  has  been  mentioned  before,  Indian  corn  is  not  consid- 
ered fit  for  the  manufacture  of  bread  for  the  use  of  man.  This  preju- 
dice seems  quite  baseless  when  we  consider  the  very  extensive  use  of 
this  material  for  bread  making  in  this  country  and  the  high  nutritive 
properties  which  it  possesses.  With  a  diet  of  Indian-corn  bread  and 
pork  the  workmen  of  this  ex)untry  are  capable  of  enduring  the  greatest 
fatigue  and  performing  the  greatest  amount  of  physical  labor.  The 
high  nutritive  value  of  Indian-corn  bread  was  well  illustrated  in  a 
marked  degree  in  the  military  service  during  the  civil  war  between  the 
States.  Both  experience  and  chemical  analysis  show  that  there  *!s 
little,  if  any,  difference  between  the  nutritive  properties  of  bread  made 
from  wheat  and  that  from  the  whole  Indian  corn  deprived  only  of  the 
coarsest  parts  of  the  bran. 
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Miciioscopic  Character  of  Meal. 

Maize  floar  is  of  a  yellowish  or  white  color  and  rough  to  the  touch. 
The  starch  is  in  grains  of  a  tolerably  uniform  volume.  The  minimum 
diameter  appears  to  be  about  6  micromillimeters,  while  the  largest  may 
reach  as  much  as  17  micromillimeters.  The  greater  part  have  diameters 
of  from  13  to  15  micromillimeters.  The  starch  granules  are  polyhedric 
in  shape  when  they  come  from  the  external  zone.  They  are  of  roundi'd 
shape,  on  the  contrary,  in  the  floury  zone.  The  upper  face  appears  to 
be  somewhat  spherical.  The  hiluni  is  puuctiform  and  sometimes  stel- 
lated. The  concentric  layers  are  well  marked  and  the  fracture  is  most 
frequently  from  the  exterior  toward  the  interior.  Heated  in  water  at 
62.5^  the  starch  granules  swell  up  and  become  deformed,  except  a  few-^ 
especially  the  smaller  ones — which  resist  the  action  of  water  at  that 
temperature. 

In  maize,  as  in  oats,  the  starch  granules  are  polyhedric,  but  the 
resemblance  extends  no  further,  the  maize  granules  being  larger  and 
never  becoming  agglomerated  and  forming  comimund  particles.  Their 
action  also  on  polarized  light  is  characteristic.  The  starch  granules  of 
maize  depolarize  the  light  and  present  a  black  cross  very  marked  and 
very  distinct  when  the  field  is  obscure.  This  cross  persists  for  a  long 
time  when  the  field  is  illuminated  little  by  little,  and  it  is  distinguished 
much  more  easily  and  with  an  illumination  much  more  pronounced  than 
that  which  suffices  to  extinguish  this  phenomenon  in  other  common 
starches.  Nevertheless,  tbis  cross  is  not  long  visible  when  the  field  is 
fully  illuminated.  With  the  seleuite  plates,  by  preference  working  on 
a  neutral  field,  the  grains  of  starch  of  the  maize  are  seen  to  be  col- 
ored red,  with  a  green  cross,  or  reciprocally.  This  coloration  is  very 
brilliant. 

If  the  starch  granules  be  treated  with  caustic  potash,  there  is  found 
in  the  midst  of  the  dr^bris  a  number  of  amorphous  cellules  of  the  amy- 
laceous tissue  irregularly  arranged,  in  which  may  sometimes  be  dis- 
tinguished a  final  residue  of  the  protoplasmic  matter  which  surrounds 
the  starch  granules. 

The  glutinous  cells  of  maize  resemble  those  of  rye.  They  are  dis- 
X>osed  in  a  single  row,  quadrangular,  a  little  rounded  on  the  angles  and 
much  thicker  on  the  exterior  side  than  on  the  others.  The  stanch  (;ells 
of  maize  are  easily  distinguished  from  those  of  the  rye  by  their  form 
and  by  their  action  on  polarized  light. 

Composition'  of  Fine  Meal. 

The  composition  of  the  ordinary  Indian-cx>rn  meal  produced  by 
grinding  the  whole  grain  and  removing  only  the  coarser  bran  is,  as 
has  already  been  said,  practically  that  of  the  whole  grain  itself. 
Analyses  of  the  refined  Indian -corn  flours  show  that  they  diflPer  chiefly 
itom  the  whole  grain  in  having  a  smaller  content  of  fat,  fiber,  and 
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proteids  and  a  correspondingly  higher  content  of  carbohydrates.  The 
low  content  of  proteids  is  dae  to  the  fact  that  the  germ  and  the  finer 
envelopes  are  rich  in  proteid  matter  and  are  removed  in  the  process  of 
milling.  The  low  content  of  oil  is  due,  of  coarse,  to  the  fact  that  the 
germ  has  been  extracted.  The  content  of  fiber,  while  low  compared 
with  the  whole  grain,  is  high  compared  with  a  high-grade  wheat  flour. 
A  description  of  the  samples  analyzed  and  their  composition  follows: 

Composition  and  description  of  Indian-cornflours. 
[Pnrchiwed  for  United  States  Army  by  yLaj.  H.  G.  Sharpe,  St.  Louis,  Mo.] 


Serial  No. 


Moist- 
!   ure. 


Pro- 
teids, 
NX  6.25. 


Peret.  Per  et. 

15058 12.66  6.94 

15090 12.05  j  8.50 

15060 ;  13.01  !  5.04 


Average. 


12.67 


7.13 


Ether 
extract. 


Peret. 


Ash. 


Peret.  Peret. 


Crude 
fiber. 


Carbohy 
drates. 


Per  et. 
78.67 
76.86 
79.56 


1.21  0.52  0.63 
1, 76  0. 83  1. 17 
1. 02  '    0. 47       0. 80 

1. 33  ,     0. 61       0. 87  I        78.  36  I    3, 836. 8       3, 883. 3 

111  I  I 


Caicu-    I 
lateil  cal-     Ascer- 


ories  of 
combus- 
tion. 


3,827.3 
3, 805. 1 
3,  787. 9 


tained 
calories. 


3,840 
3,808 
3.912 


Descriptioi 


•'Best." 

"Topeka." 

•'Decatur.' 


RELATIVE  NUTRITIVE  PROPERTIES  OF  WHEAT   AND  MAIZE. 

There  is  a  widespread  opinion  that  the  products  of  Indian  corn  are 
less  digestible  and  less  natritions  than  those  from  wheat.  This  opinion, 
it  appears,  has  no  justification,  either  from  the  chemical  composition  of 
the  two  classes  of  bodies  or  from  recorded  digestive  and  nutritive 
experiments.  A  study  of  the  analytical  data  of  the  whole  grain  shows 
that,  in  so  far  as  actual  nutrients  are  concerned,  the  maize  is  fully  as 
nutritious  as  wheat.  The  ash  content  of  maize  and  its  products  is  prob- 
ably not  quite  so  high  as  that  of  wheat,  and  there  is,  therefore,  a  silght 
deficiency  of  the  mineral  foods  employed  in  the  nourishment  of  the  body. 
Inasmuch,  however,  as  the  cereals  contain  an  excess  of  mineral  matters 
above  the  needs  of  the  body,  this  slight  deficiency  is  of  no  consequence. 
In  respect  of  its  content  of  fat,  Indian  corn  and  its  products  easily  take 
precedence  of  all  the  other  cereals,  with  the  exception  of  hulled  oats. 
In  round  numbers,  it  contains  twice  as  much  fat  or  oil  as  wheat,  three 
times  as  much  as  rye,  twice  as  much  as  barley,  and  two- thirds  as  much 
as  hulled  oats.  In  regard  to  digestible  carbohydrates,  that  is,  starch, 
sugar,  dextrin,  and  digestible  fiber,  it  possesses  a  higher  content  than 
linlled  oats,  almost  the  same  as  wheat,  and  slightly  less  than  rye  or 
barley.  Comparing  the  content  of  nitrogenous  matters  with  that  of 
oth6r  cereals,  it  is  found  that  the  first  place  must  be  awarded  to  oats, 
especially  if  they  have  been  hulled.  Indian  corn,  however,  has  nearly 
the  same  quantity  of  proteid  matter  as  the  other  leading  cereals,  oats 
excepted. 

K.XPERIMENTH  IN   FEEDING  MaIZB  AND  WhRAT. 

In  regard  to  the  digestibility  of  Indian  corn  and  wheat,  it  must  be 
admitted  that  a  larger  amount  of  expeiience  has  accumulated  with 
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Indian  corn  than  with  wheat.  The  low  price  of  wheat  in  the  last  few 
years  has,  however,  directed  a  considerable  amount  of  attention  to  the 
use  of  that  cereal  instead  of  Indian  corn  in  the  feeding  of  animals. 
The  data  which  have  been  obtained  in  this  country,  secured  from  com- 
parative feeding  experiments,  are  not  always  uniform.  In  some 
instances  it  has  been  found  that,  i)ound  for  pound,  wheat  gave  a 
slightly  better  result  in  feeding  animals  than  Indian  corn,  while  in 
others  the  preference  is  given  by  the  experimenter  to  Indian  com.  In 
experiments  made  at  the  South  Dakota  station  (Bulletin  38)  pigs  were 
fed  with  different  cereals,  among  others  with  ground  Indian  corn  and 
ground  wheat.    The  comparative  results  obtained  are  as  follows: 

Summarized  results  of  experiments  with  pigs. 


Kind  of  cereal, 


Weight    Average 
oflotat  I     daily 
begin-    i  gain  per 
ning.  \)'\4. 


Total         Grain 


grain  con-  eaten  peri  p_  .r^r. 
ftiimed  ;  pound  ^fFJ^i 
by  lot.    .orgain.,.^X. 


Average  gain.         prfce 
realized 

per 
bushel 


I  Poundt. 
Lot  3,  ground  com . . . '  191 

Lot  4,  ground  Avheat.  205 


Pounds. 
1.40 
J.  32 


Pounds.     Poxtndt.  I  Pounds. 
1, 159  4. 58  I        21. 83 

1, 144  ,  4. 81  20. 79 


Per 
buslu'l 
of  grain,  'of  grain. 


Pounds. 
12.22 
12.49 


Cents. 
GO.  00 


Shrink- 
age in 
dress- 
ing. 


Per  cent. 
14.0 
16.5 


In  the  data  obtained  in  this  experiment  the  Indian  corn,  pound  for 
pound,  was  found  to  give  the  better  results  in  every  respect. 

COMPARATIVE  ASSIMILATION   OF   WHEAT  AND   MAIZE. 

The  comparative  digestibility  of  wheat  and  Indian  com  has  been 
studied  in  the  Minnesota  station  (Bulletin  No.  36).  The  data  obtained, 
with  the  exception  of  the  digestibility  of  the  ash,  are  as  follows: 

Digestion  coefficients  of  wheat  and  other  grains. 


Constituentji. 


I  Cracked 
wheat. 


Dry  matter 

Proteids 

Ether  extract 

Crude  fiber 

Nitrogen-free  extract 


Cracke<1 
corn. 

90 
90 
78 
48 
94 


From  these  data  it  is  seen  that  tbe  wheat  was  slightly  less  digestible 
than  the  Indian  corn.  From  a  study  of  the  data  at  the  Minnesota  station 
it  maybe  stated  that  when  corn  and  wheat  are  both  selling  at 50  cents 
per  bushel,  the  50  cents  will  purchase  the  same  amount  of  digestible 
dry  matter  in  both  instances.  In  the  case  of  wheat,  however,  the  pur- 
chaser will  obtain  2^  pounds  more  of  digestible  protein,  and  in  the  case  of 
Indian  corn  2^  pounds  more  of  digestible  carbohydrates.  The  quantity 
of  heat  generated  by  the  food  in  each  case  is  almost  exactly  the  same. 
The  result  of  these  experiments,  therefore,  is  to  establish  with  certainty 
that  the  digestible  coeflficieut  of  Indian  corn  is  not  inferior,  but,  if  there 
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be  any  differeuce,  superior  to  that  of  wheat.  Data  of  the  kind  men- 
tioned above,  based  on  carefully  controlled  feeding  experiments,  cheeked 
at  every  point  by  chemical  analyses,  are  evidently  of  far  greater  value 
than  those  which  are  reported  by  the  Kansas  State  board  of  agriculture 
for  the  quarter  ending  September  30, 1894,  where  circulars  were  sent  to 
prominent  growers  of  stock  and  reports  of  their  observations  on  the 
comparative  value  of  wheat  and  Indian  corn  were  tabulated.  As  a 
re^iult  of  the  i)reponderance  of  testimony  given  by  these  circulars,  it 
was  concluded  that  wheat  was  superior  to  Indian  corn,  pound  for  pound, 
as  a  food  for  animals.  These  reports,  however,  were  based  merely  ux>on 
observation,  and  were  not  controlled  in  any  way  by  weighing  or  chemi- 
cal analysis.  The  conclusion,  therefore,  is  uot  valuable  as  evidence 
when  contrasted  with  that  of  the  feeding  experiments  at  the  Minnesota 
station  above  mentionecL 

COMPARATIVE  PRODUCTION   OF   PORK  FROM   WHEAT   AND  MAIZK. 

Ill  experiments  made  at  the  Ohio  State  University,  collected  in 
The  Experiment  Station  Record,  vol.  6,  page  466,  it  was  found  that  a 
bushel  of  wheat  produced  13.7  jiounds  of  pork,  while  a  bushel  of  corn 
made  12.3  iiounds.  When  the  difference  of  weight  between  a  bushel  of 
wheat  and  a  bushel  of  corn  is  considered,  the  actual  gain,  it  is  seen,  is 
almost  the  same  for  both.  Calculated  on  the  market  price  of  wheat  and 
Indian  com,  it  cost  $4.01  to  produce  100  pounds'  increase  with  wheat, 
and  $2.85  to  produce  the  same  increase  with  Indian  corn. 

Carefully  weighing  all  the  reliable  evidence  at  hand,  the  conclusion 
is  inevitable  that  from  the  point  of  view  of  chemical  composition,  of 
digestibility,  and  of  nutritive  value  Indian  corn  with  its  products, 
pound  for  pound,  is  fully  equivalent  to  wheat.  In  the  case  of  food  for 
man,  which  this  bulletin  particularly  has  to  consider,  there  must  be 
taken  into  account  the  additional  element  of  palatability.  It  is  evi- 
dent that  in  the  case  of  two  given  foods  of  almost  the  same  chemical 
composition,  and  of  equal  digestibility,  the  more  palatable  will  be  the 
more  valuable  food  for  man.  In  regard  to  palatability,  as  has  already 
been  mentioned,  there*  is  the  widest  difference  of  opinion.  European 
writers  on  dietetics  uniformly  condemn  Indian  corn  and  its  products 
as  being  unfit  for  food  for  man.  On  the  other  hand,  the  ample  experi- 
ence of  our  own  country  shows  that  it  is  an  extremely  palatable  food, 
as  well  as  nutritious,  and  a  large  part  of  our  population  prefer  it,  from 
a  gustatory  point  of  view,  to  wheat.  It  must  be  admitted,  therefore, 
that  in  respect  of  palatability  usage  is  an  important  factor,  and  it  is 
evident  that  other  nations,  when  accustomed  to  the  use  of  Indian  corn 
and  its  products  as  food  for  man,  would  find  it  equally  as  palatable  as 
it  is  found  to  be  in  the  United  States. 

BREAD  FROM  MAIZE  MEAL. 

Bread  made  from  Indian  corn  is  a  popular  diet  in  the  southern  part 
of  the  United  States,  although  it  is  not  used  very  extensively  in  the 
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northern  part  nor  in  the  western  portions  where  Indian  corn  is  most 
extensively  grown.  The  best  and  most  palatable  breads  made  from 
Indian  corn  are  those  made  from  the  coarsely  ground  meal  which  is 
simply  sifted  fine  enough  to  remove  the  coarser  parts  of  the  bran.  The 
meal  is  mixed  with  a  little  salt  and  water  and  baked  into  hard,  unleav- 
ened cakes.  In  some  of  the  more  primitive  methods  of  making  this 
bread  the  dough  is  spread  on  an  oak  board  and  baked  by  exposure  to 
the  radiating  heat  of  a  wood  fire.  This  kind  of  bread  is  known  as 
johnnycake,  probably  a  corruption  of  journey  cake.  In  some  parts  of 
the  North  the  term  johnny  cake  is  applied  to  a  thick  corn  bread  made 
of  a  mixture  of  corn  meal,  milk,  eggs,  salt,  and  baking  powder.  Indian- 
corn  bread  is  sometimes  leavened  by  a  fermentation  with  yeast,  baked 
in  iron  vessels,  and  is  in  this  form  known  as  pone.  It  is  quite  fre- 
quently leavened  with  baking  powders,  and  the  corn  meal  is  sometimes 
mixed  with  wheat  flour,  either  for  domestic  use  or  with  fraudulent 
intent. 

Ratio  of  Nitrogenous  to  Other  Digestible  Constituknts. 

From  a  study  of  the  composition  of  the  typical  maize,  as  deduced  by 
the  examination  of  hundreds  of  samples  by  the  Division  of  Chemistry, 
it  is  seen  that  the  ratio  of  the  proteids  to  other  digestible  matters 
(namely,  carbohydrates  -j-  fat  x  2.25)  is  about  as  10  to  80,  or  1  to  8.  This 
is  a  somewhat  wide  ratio  as  determined  by  the  ordinary  rules  of  nutri- 
tion. When  it  is  considered,  however,  that  if  we  exclude  the  fat,  which 
is  the  most  digestible  of  the  constituents  of  the  maize,  the  ratio  as 
given  above  is  1  to  7,  it  is  seen  that  there  is  practically  no  objection, 
from  a  nutritive  point  of  view,  to  the  consumption  of  maize  as  food  for 
man  or  beast. 

Experience  is  also  a  factor  of  some  value  in  this  connection.  Atten- 
tion has  already  been  called  to  the  fact  that  the  manual  labor  of  the 
southern  part  of  the  United  States  is  done  almost  exclusively  on  a 
diet  of  Indian-corn  bread  and  fat  pork.  These  produce  a  ratio  between 
the  i)rotein  and  other  nutrients  even  larger  than  the  one  given  above. 
And  yet  with  this  food  the  most  severe  manual  labor  is  performed  in  a 
climate  which  is  excessively  trying  to  the  laborer  on  account  of  its 
intense  heat.  It  should  also  be  remembered,  as  shown  in  the  data 
given  on  the  relative  digestibility  of  the  protein  in  the  Indian  corn  and 
in  wheat,  that  in  many  instances  it  has  been  found  that  protein  in 
Indian  corn  has  the  larger  percentage  of  digestible  constituents.  Fur- 
ther, it  should  be  remembered  that  in  the  data  above  stated  the  ratio  is 
g.ven  upon  the  whole  of  the  constituents  as  determined  by  chemical 
analysis,  and  not  upon  those  only  which  are  digestible,  which  is  the 
usual  method  for  calculating  the  proteo-carbohydrate  ratio. 

Judged,  therefore,  by  chemical  composition,  digestibility,  and  expe- 
rience, it  is  seen  that  the  Indian  corn  contains  a  sufficient  amount  of 
protein  to  make  a  well-balanced  ration  for  those  engaged  in  manual 
labor.  It  is  true  that  a  ration  made  of  Indian  corn  is  more  fattening 
than  one  based  upon  oats,  rye,  or  wheat,  but  in  case  of  manual  labor 
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this  tendency  to  the  accumulation  of  fat  is  corrected,  and  no  trouole 
arises  in  that  direction. 

It  appears  that  the  fat  materials  of  Indian  corn  are  easily  digested, 
well  assimilated,  and  practically  consumed  without  waste  in  maintain- 
ing a  high  degree  of  muscular  exertion.  Even  should  we  grant  a  slight 
deficiency  in  the  ration  of  corn  bread  due  to  the  low  content  of  proteid 
matter,  it  is  certain  that  this  defect  would  be  remedied  by  the  devel- 
opment of  a  variety  of  maize  richer  in  proteid  matter.  This  could  be 
easily  accomplished  by  pursuing  the  system  of  development  which 
was  used  by  this  division  in  increasing  the  content  of  sugar  in  sorghum. 
Properly  conducted  experimental  work  covering  a  period  of  ten  years 
would  result  in  the  development  of  a  variety  of  Indian  com  with  a 
higher  and  reasonably  constant  content  of  proteid  matter.  This  devel- 
opment could  be  secured  by  taking  advantage  of  natural  and  cultural 
conditions,  combined  with  chemical  studies  of  the  grains,  selecting  for 
seeds  those  which  show  marked  increments  in  the  content  of  the  pro- 
teid matter. 

MAIZE  on.. 

In  the  manufacture  of  starch  and  glucose  and  in  some  varieties  of 
maize  meal  the  germ  of  the  grain,  which  contains  the  larger  percentage 
of  oil,  is  extracted.  From  this  germ  a  valuable  oil  is  expressed,  while 
the  residue  forms  a  food  material  as  valuable  in  every  respect  as  that 
derived  by  the  expression  of  the  oil  from  ordinary  oily  seeds.  Maize 
oil  is  easily  purified  and  forms  a  light,  amber-colored,  perfectly  trans- 
parent liquid,  without  rancidity  and  of  a  pleasant  taste.  It  has  been 
used  to  some  extent  as  a  salad  oil,  and  doubtless  will  in  the  future  be 
very  greatly  employed  for  that  purpose.  It  can  also  be  used  for  lubri- 
cating delicate  machinery,  has  fine  burning  properties,  and  can  be  used 
as  a  lamp  oil.    The  coarser  and  less  pure  oil  makes  a  valuable  soap. 

In  general,  it  may  be  said  that  maize  oil  has  a  commercial  value,  gal- 
lon for  gallon,  quite  equal  to  the  oil  derived  from  cotton  seeds. 

COlffiPOSmON  AND  PROPERTIES  OF  THE  STALKS. 

Until  within  a  few  years,  the  stalks  of  maize  have  been  considered  of 
no  value  for  feeding  or  other  purposes.  The  blades  of  the  stalks  have 
been  used  from  earliest  times  as  cattle  food,  and  a  portion  of  the  stalks 
also  has  been  eaten  by  the  cattle,  but  their  true  value  as  feeding 
materials  has  not  been  appreciated. 

In  the  investigations  which  are  given  here,  it  was  first  deemed 
advisable  to  determine  the  relative  proportion  of  the  distinct  materials 
in  the  stalk,  viz,  the  nodes  or  joints,  the  pith,  and  the  outer  hull.  The 
material  was  prepared  in  the  following  manner. 

DIVISION  AOOOEDING  TO  PHYSICAL  PEOTTLIARITIES. 

The  stalks  were  received  in  bundles  consisting  of  piei^es  about  2  feet 
in  length  and  free  of  blades  and  closely  adhering  envelopes.    Since  the 
22569— No.  50 2 


Digitized  by 


Google 


18 

coDstitaents  of  tbe  stalks  vary  greatly  in  their  nature,  it  was  deemed 
advisable  to  separate  them  first  by  mechanical  means  into  groups  of 
approximately  like  nature.  To  accomplish  this  purpose,  the  stalks 
were  cut  in  such  a  manner  as  to  separate  the  nodes  as  completely  as 
possible  from  the  internodes.  It  is  evident  that  this  separation  is  not 
complete,  because  of  the  difficulty  of  cutting  the  stalk  in  every  instance 
at  a  point  which  is  in  the  line  of  true  demarcation  between  the  two 
parts.  After  the  nodes  had  been  removed  the  internodes  were  sepa- 
rated, by  means  of  a  knife,  into  pith  and  external  fiber.  By  reason 
of  the  sharp  distinction  which  can  be  made  between  these  two  parts  of 
the  internodes,  this  separation  was  accomplished  in  almost  a  qnautitive 
way.  The  respective  per  cents  of  the  three  parts  separated  are  given 
in  the  following  table: 

Per  cent. 

Nodes 26.08 

PithofinteTDodes 20.25 

Shells  of  internodes 53.67 

In.  round  numbers  it  may  be  said  that  100  pounds  of  Indian-corn 
stalks  contain  26  pounds  of  nodes,  20  of  pith  cellulose,  and  54  of  inter- 
nodular  shells. 

GENERAL  COMPOSITION  OF  PORTIONS. 

Each  of  the  various  portions  described  above  was  ground  to  a  fine 
powder  and  subjected  to  a  general  analysis.  The  results  obtained  are 
shown  in  the  following  table: 

Analysis  of  stalks  of  maize. 


CoDstituente. 


Pith  of    SbelU  of 
inter-         inter- 
nodes.      nodes. 


Moisture 

Grade  fiber 

Ash 

Fat 

Proteids 

Carbohydrates  other  than  crude  fiber. 


DIGESTIBILITY. 

The  samples  were  subjected  to  artificial  digestion  in  order  to  deter- 
mine the  digestibility  of  the  proteids  therein.  It  was  found  that  the 
following  percentages  of  the  protein  were  digestible : 

Per  cent. 

In  the  nodes 60.05 

In  the  pith 67.70 

In  the  shells 71.72 

From  the  above  data  it  is  seen  that,  in  so  far  as  the  protein  is  con- 
cerned, the  nodes  are  the  least  and  the  shells  the  most  digestible,  the 
pith  occu])ying  an  intermediate  position. 
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SOLUBILITY  WITH  SEVEUAL   REAGENTS. 

It  is  important  in  studying  the  properties  of  the  stulks  to  determine 
their  solubility  in  different  reagents.  Since  dilute  acids  and  alkalies 
are  the  common  hydrolyzing  agents,  the  iirst  determination  was  that  of 
the  percentage  of  material  dissolved  by  these  bodies.  The  process 
was  conducted  as  follows: 

Ten  grams  of  the  material  were  digested  half  an  hour  at  three 
atmospheres  with  200  cc.  of  1.25  per  cent  sulphuric  acid.  After  cool- 
ing the  mass  was  thrown  on  a  filter  and  washed  with  water  until  the 
acid  reaction  disappeared.  The  residue  was  dried  and  weighed.  The 
percentages  given  below  are  on  the  material  free  of  water : 

Solubility  of  different  portions  in  {taid. 


Division  of  the  stalk. 


Percent- 
age un- 
dissolved. 


Nodes 

Pith  trmn  internodes . . . 
Shells  from  iuteruodes . 


55.72 
45.73 
62.81 


I 


Percent- 
age dis- 
solved. 


44.28 
54.27 
37.60 


It  will  be  seen  by  the  above  figures  that  this  reagent  reacts  most 
vigorously  on  the  pith  and  least  vigorously  on  the  shells,  the  nodes 
occupying  an  intermediate  position. 

DiGBSTION  WITH  ALKALI. 

The  digestion  with  alkali  was  carried  on  at  ordinary  pressures  and 
in  the  autoclave  at  a  pressure  of  three  atmospheres.  The  time  of  diges- 
tion in  each  case  was  half  an  hour.  In  each  instance  10  grams  of  the 
different  materials  were  digested  with  200  cc  of  a  1  per  cent  caustic 
soda  solution.  The  residue  on  cooling  was  washed  thoroughly  with 
water,  then  with  dilute  acetic  acid,  and  again  with  water,  dried,  and 
weighed.  The  solubility  of  the  different  materials  in  this  reagent 
under  the  two  conditions  named  was  as  follows: 

Solubility  of  different  portions  in  alkali. 


Division  of  stalk. 


Kodes 

Pith  from  intemodes  . . 
SheUa  from  intemodes . 


Digestion  without 
pressare. 

Digestion  with 
pressare. 

Dis- 
solved. 

Undis- 
solved. 

Dis-         Undis- 
solved.   1   solved. 

Percent. 

Per  cent. 

Percent.    Percent. 

44.28 

56.72 

51. 45            48. 55 

45.74 

54.26 

53:11 

46.89 

43.12 

5(i.88 

48.03 

51.97 

The  action  of  caustic  alkali  at  atmospheric  pressure  and  at  a  boiling 
temperature  is  less  efficient  than  heating  under  pressure.  The  latter 
process  dissolves  about  half  of  the  material  and  the  former  about  44 
I>er  cent. 
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The  pentose  sugars,  that  is,  those  containiDg  five  atoms  of  carbon  to 
each  molecule,  are  the  chief  products  of  hydrolysis,  boh  with  acid  and 
an  alkali.  They  are  recognized  by  the  fact  that  when  distilled  with 
hydrochloric  acid  they  give  rise  to  furfurol,  which  can  be  collected  and 
determined,  and  thus  the  actual  quantities  of  these  sugars,  as  well  as 
the  bodies  in  the  cornstalk  from  which  they  are  derived,  can  be  approx- 
imately ascertained. 

FuRFUKOL  Content  of  the  Samples. 

It  is  of  interest  to  know  what  quantities  of  pentose-yielding  bodies 
(xylan)  are  contained  in  the  various  Samples.  The  furfurol  determi- 
nations gave  the  following  results : 

Results  for  furfurol  and  xylan. 


Division  of  atalk. 

Furfurol. 

Xylan. 

Nodes 

Per  cent. 
13.75 
12.98 
12.56 

Per  cent. 
22.53 

P  i th  from  in temodes 

21.29 

Shells  from  interuodes 

20.60 

Sugars. 

The  sugars  which  are  formed  by  digestion  with  acid  and  alkali,  fol- 
lowed by  an  acid,  have  both  the  property  of  rotating  polarized  light 
and  of  reducing  an  alkaline  copper  solution.  In  the  absence  of  a  bet- 
ter method,  it  is  customary  to  report  the  whole  of  the  reducing  sugar 
aa  dextrose.  This,  at  best,  is  only  an  approximation ;  but  it  is  the  only 
method  available  until  more  definite  knowledge  is  obtained  respecting 
the  properties  of  the  mixture  of  sugars  in  the  products  obtained. 

In  the  data  which  follow,  the  sugars  removed  by  the  alkali  were  not 
directly  determined.  The  total  quantity  of  reducing  sugars  in  the 
sample,  hydrolyzed  by  dilute  sulphuric  acid,  was  determined ;  in  another 
portion,  the  matters  removable  by  digestion  with  dilute  alkali  were 
ascertained;  and  in  the  residue  the  remaining  sugar-producing  bodies 
removed  by  digestion  with  dilute  acid.  Xylose  and  arabinose,  which 
are  the  chief  sugars  produced  by  the  above-described  operations,  have 
reducing  properties  that  are  not  greatly  different  from  those  of  dex- 
trose, and  therefore  when  expressed  in  terms  of  dextrose  a  near 
approximation  to  the  true  amount  of  them  is  secured.  The  following 
data  give  the  copper-reducing  properties  of  the  several  products: 

Copper-reducing  properties. 


Division  of  .stalk. 


Nodes 

ritb  from  internodes.. 
Shells  from  internodes 


Per  cent 

soluble 

inH.SOv 


44.28 
54. 27 
37.60 


Per  cent 
of  reduc- 
ing sug. 
arsas 
dextrose. 


28.86 
23.10 
25.48 
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These  data  show  that  more  than  half  of  the  material  dissolved  from 
the  nodes  and  internodal  fiber  consists  of  reducing  sugars,  while  in  the 
case  of  the  pith,  less  than  half  of  the  soluble  matter  belongs  to  that 
category. 

After  heating  the  various  samples  with  an  alkali,  the  residues,  after 
washing  with  water,  and  acetic  acid  and  water,  were  digested  with  dilute 
sulphuric  acid  and  the  reducing  sugars  in  the  products  ascertained. 
The  following  results  were  obtained  : 

BesulUfar  reducing  sugars. 


Solable  in  dilnte  alkali 

Seducing  sngars  in  residue  after  hydrolysis  with  HtS04 

ReduciDfc  sugars  in  original  sample 

Reducing  sugars  dissolved  by  allcali 


Nodes. 
Per  cent. 

Pith  from 
inter- 
nodes. 

Inter- 
nodal 
shells. 

Per  cent. 

Percent. 

51.45 

53.11 

48.21 

14.97          10.07 

11.15 

28. 86          23. 10 

25.48 

51!.  22           56. 41 

1 

56.24 

The  difference  in  the  nature  of  the  bodies  dissolved  by  acid  and 
alkali  are  brought  out  in  a  striking  manner  by  the  above  data.  The 
actaal  quantity  of  material  dissolved  by  alkali  is  considerably  greater 
than  is  removed  by  an  acid  in  the  nodes  and  shells  and  only  slightly 
less  in  the  pith.  The  bodies  removed  by  alkali,  however,  contain 
only  a  little  more  than  half  the  quantity  of  reducing  sugar  found 
in  the  matter  removed  by  acids.  For  instance,  it  is  known  that  xylan 
is  quite  soluble  in  an  alkali.  It  is  also  soluble  in  an  acid,  being  con- 
verted by  the  latter  into  xylose.  The  alkali,  however,  dissolves  a  large 
quantity  of  material  which  sulphuric  acid  does  not  convert  into  reduc- 
ing sugars.  In  the  nodes,  sulphuric  acid  dissolves  44.28  per  cent  of  mat- 
ter which  has  a  reducing  power  equivalent  to  28.86  per  cent  of  dextrose. 
In  the  same  material,  caustic  soda  dissolves  51.45  per  cent  of  matters 
which  have  a  reducing  power  equal  to  13.89  per  cent  of  dextrose.  It 
is  not  convenient  to  directly  convert  the  alkali  extract  into  reducing 
sugars  by  hydrolysis  with  sulphuric  acid,  because  of  the  large  quantity 
of  sodium  sulphate  which  would  be  present.  The  approximate  amount 
is  therefore  obtained  by  the  indirect  method  given  above. 

Successive  Digestion  with  Acid  and  Alkali. 

The  total  quantity  of  matter  dissolved  by  successive  treatments  of 
the  samples  at  3J  atmospheres  with  1.25  per  cent  sulphuric  acid  and 
1  per  cent  caustic  soda  solution  is  shown  in  the  following  tabular 
statement: 

Soluhilily  in  acid  and  alkali. 


Division  of  stalk. 


I)i8-      I    VndJH- 
H(»lved.       solved. 


I  Percent. 

Nodes '        66.19 

Pith  from  intemodes 64.36 

SheUs  from  Intemodes '       eo.ri? 


I 


1 


Per  cent 
33.81 
35.64 
39.43 
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The  soluble  matter  is  composed  of  the  following  parts: 
Composition  of  soluble  portion. 


Division  of  Atulk. 


Nodes 

IMth  from  intemodos — 
Shells  from  intemodea  . 


K«i-'°8(«&. 


sugars 
(AS  dex- 
trose). 


Per  cent. 
28.86 
23.10 
25.48 


ash, 

protein, 

fat,  etc. 


Per  eenL 
37.33 
41.26 
35.09 


The  composition  of  the  samples,  as  determined  by  successive  diges- 
tion with  acid  and  alkali,  and  determination  of  the  other  ingredients 
on  a  water- free  basis,  is  shown  by  the  following  table: 


Division  of  stalV. 


Ash. 


I 


Fat. 


Per  cent. '  Per  cent. 


Nodes 2.26  \ 

Pith  from  intemodes '         3.01  ^ 

Shells  from  intemodes 2. 04  , 

I 


l.Ol 
1.26 
0.82 


Proteids. 


Insolohle 
csrbohy* 
drates. 


Per  cent.    Per  cent. 


8.76  ' 
2.57 


33.81 
85.64 
39.43 


Soloble 
carbohy- 
drates. 


Per  cent. 
68.23 
56.33 
44.86 


These  data  show  that  if  tlie  matters  are  treated  with  both  alkali  and 
acid  in  preparing  them  for  paper  pulp  they  will  yield  of  that  material 
only  about  one-third  of  their  weight.  On  the  other  hand,  when  treated 
by  an  alkali  or  acid  alone  they  will  yield  about  one-half  of  their  weight 
as  paper  pulp. 

KINDS  AND   QUANTITIES   OF  SUGARS  FORMED. 

The  sugars  formed  by  hydrolysis  with  sulphuric  acid  are  principally 
(pentose)  xylose  and  dextrose.  The  relative  quantities  of  these  sugars 
are  diflftcult  to  determine  with  exactness.  A  satisfactory  approxima- 
tion may,  however,  be  secured.  The  quantity  of  dextrose  formed  on 
hydrolysis  may  be  determined  with  quite  a  degree  of  accuracy  by  fer- 
mentation. Tiieoretically,  dextrose  should  yield  half  its  weight  of 
alcohol.  Practically,  in  favorable  condition  for  fermentation  about  48 
per  cent  of  aleoliol  may  be  obtained.  The  conditions  of  fermentation 
in  the  present  instances  were  unfavorable  by  reason  of  the  great  dilu- 
tion of  the  sa<'charine  solution.  We  may  assume,  therefore,  that  the 
dextrose  present  yielded  only  40  per  cent  of  its  weight  as  alcohol.  The 
quantities  of  dextrose  obtained  by  this  method  of  calculation  are  given 
in  the  following  table : 

Results  for  alcohol  and  dextrose. 


Division  of  stalk. 

'  Alcohol.  'Dextrose. 

Nodes 

Per  cent    Per  cent. 
1^36'           3.40 

Pith  from  intemode-s 

2.16  1           5.40 

Shells  from  intemodH  . . . . 

1.02'            4.80 

- 
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Sugar  in  thk  Nodes. 

In  respect  of  pentose  sugar  it  may  be  calculated  on  tlie  assumption 
tbat  all  the  pentose  sugar  present  is  xylose,  or  that  it  is  a  mixture  of 
xylose  with  other  pentose  sugars.  We  prefer  the  former  assumption. 
The  quantity  of  pentose  is  therefore  calculated  by  the  formula  (per 
cent  furfurol  x  1.64) -^-0.88.' 

The  total  quantity  of  furfurol  in  the  nodes  was  13.75.  Of  this  quan- 
tity 92.73  i)er  cent  was  extracted  by  the  sulphuric  acid,  viz,  12.75.  Then 
12.75  multiplied  by  1.64  equals  20.91,  and  20.91  divided  by  0.88  equals 
23.76. 

Adding  together  the  dextrose  and  xylose  the  total  i>ercentage  is  found 
to  be  27.16.  The  total  per  cent  of  sugar  dissolved  was  Jbund  to  be 
28.86. 

In  this  instance  the  quantity  of  sugars  separately  determined  lacks 
1.70  per  cent  of  reaching  the  quantity  determined  as  a  whole  by  alka- 
line copx)er  solution. 

Sugar  in  the  Pith. 

The  total  sugars  produced  from  the  pith  by  hydrolysis  with  sulphuric 
acid  were  23.10  per  cent. 

The  total  quantity  of  furfurol  in  the  pith  was  12.98  per  cent,  of  which 
94.22  per  cent  (equal  to  12.23  of  the  weight  of  the  substance)  was 
removed  by  the  sulphuric  acid.  This  is  equivalent  to  22.77  per  cent  of 
xylose.  The  quantity  of  dextrose  in  the  pith,  ascertained  by  fermenta- 
tion, was  5.40  per  cent,  which,  added  to  the  xylose  calculated,  gives 
28.17  per  cent,  a  quantity  5.07  per  cent  greater  than  was  given  by  direct 
titration  as  dextrose. 

SEPARATION  OF  CELLULOSES  BY  THE  OHLORINATION  PROCESS. 

It  will  be  observed  from  the  foregoing  data  that  when  the  materials 
under  examination  are  treated  successively  with  dilute  acid  and  alkali 
under  pressure,  about  two-thirds  of  the  total  quantity  is  dissolved.  If, 
therefore,  cellulose  fiber  were  prepared  by  these  methods,  only  about 
33  pounds  on  each  100  pounds  of  the  dry  material  would  be  secured.  It 
is  evident,  therefore,  that  a  method  which  would  give  a  larger  yield  of 
cellulose  from  a  commercial  aspect  would  be  more  desirable.  For  this 
reason  determination  of  the  available  cellulose  is  best  secured  by  what 
is  known  as  the  chlorination  method.  This  process  is  carried  on  in  the 
following  way. 

About  5  grams  of  the  finely  ground  material,  free  of  water,  are  boiled 
for  thirty  minutes  with  a  1  per  cent  sodium  hydrate  solution  in  a  vessel 
furnished  with  a  reflux  condenser.  The  undissolved  portion  is  washed 
with  water  on  a  cloth  filter  and  pressed  to  remove  the  excess  of  water, 
disintegrated,  and  placed  in  a  covered  beaker  into  which  a  slow  stream 
of  well-washed  chlorin  gas  is  conducted.    The  delivery  tube  conveying 


I  Principles  and  Practice  of  Agricultural  Analysis,  vol.  iii,  p.  587. 
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the  chloriii  ^as  must  reach  to  the  bottom  of  the  beaker.  The  moist 
fiber,  under  the  action  of  the  chlorin,  changes  in  color  to  a  golden 
yellow  as  the  process  of  absorption  of  chlorin  gas  goes  on.  The 
chlorination  should  last  for  at  least  an  hour.  The  chlorinated  fiber  is 
removed,  washed  two  or  three  times  with  water  to  remove  excess  of 
hydrochloric  acid,  and  placed  in  a  2  per  cent  solution  of  sodium  or 
potassium  sulphite.  The  mixture  is  gradually  brought  to  the  boiling 
point,  a  small  quantity  of  0.2  per  cent  caustic  soda  solution  added, 
and  the  boiling  continued  for  five  minutes.  This  separation,  as  a 
rule,  is  sufficient  to  dissolve  all  of  the  lignone  bodies  present,  and 
leaves  a  mixture  of  cellulose  which  consists  of  two  kinds,  known  as  a 
and  fi.  The  cellulose  is  obtained  in  a  pure  state  by  washing  with  hot 
water  on  a  cloth  filter.  It  is  also  bleached  by  immersion  in  a  O.l  per 
cent  solution  of  sodium  hypochlorite  and  afterwards  treated  with  a  0.1 
per  cent  solution  of  potassium  permanganate.  It  is  thoroughly  washed 
free  of  these  oxidizing  solutions  and  finally  bleached  with  sulphurous 
acid  on  the  filter,  well  washed  with  water,  pressed,  dried,  and  weighed. 
The  quantities  of  cellulose  obtained  on  the  dry  substance  by  this 
method  were  as  follows : 

Content  of  cellulote. 


Div^ision  of  stalk. 


Nodes 

Pith  of  intcmodes. 


Total  eel-    a  cellu- 
lalose.         lose. 


Per  cent. ,  Per  eeiU. 
50.96  35.12 


51.57 


Shells  of  internodes 53.44 


33.07 
40.35 


SQMMARY  OF  ANALYSES. 

Summing  up  the  resulte  of  the  investigations,  in  so  far  as  they  have 
been  made,  it  is  seen  that  the  material  examined  consists  of  several 
different  kinds  of  matter.  It  contains  a  small  ([uantity  of  mineral 
matter,  of  ash,  of  proteid  matter,  and  of  matter  soluble  in  ether,  but 
is  chiefly  composed  of  carbohydrate  material.  This  material  is  of 
various  kinds.  A  part  of  it  will  yield  by  hydrolysis  with  an  acid  a 
small  quantity  of  dextrose  capable  of  fermentation.  A  larger  part, 
on  hydrolysis,  is  converted  into  a  pentose  sugar,  presumably  xylose, 
incapable  of  fermentation,  but  capable  ot  reducing  an  alkaline  copper 
solution.  Another  quantity,  perhaps  larger  than  that  just  mentioned, 
passes  into  solution  under  the  influence  of  hydrolyzing  agents,  but 
does  not  seem  to  produce  a  sugar  capable  of  reducing  alkaline  copper 
solution.  The  largest  portion  of  carbohydrate  matter  consists  of 
cellulose  of  two  varieties,  which  may  be  designated  as  a  and  /!/. 
Both  of  these  celluloses  are  insoluble  in  chlorin,  but  the  /3  cellulose 
may  be  dissolved  in  dilute  nitric  acid.  The  bodies  which  are  capable 
of  yielding  furfurol  (consist  largely  of  xylan  and  allied  pentosan  sub- 
stances.    There  is,  however,  as  the  data  have  shown,  a  considerable 


Digitized  by 


Google 


25 

quantity  of  matter  present  capable  of  yielding  furfiirol  on  distillation 
with  hydrochloric  acid,  and  yet  not  possessing  the  proi)erties  of  pen- 
tosan bodies.  The  character  and  quantity  of  this  fnrfarol-yielding 
complex  is  not  known,  and  requires  further  investigation  for  its  sep- 
aration and  study.  It  is  evident  that  the  material  could  not  be 
profitably  employed  as  a  source  of  ethylic  alcohol,  as  the  quantity 
yielded  is  not  quite  2  per  cent  in  weight  of  the  whole  mass.  The  pos- 
sibility of  obtaining  methyl  alcohol  from  this  matter  by  distillation  in 
closed  retorts  is  a  subject  for  further  investigation. 

MAIZE   STOVER  AS  CATTLE  FEED. 

The  relative  proportions  of  the  different  parts  of  maize  stover  have 
been  determined  by  the  agricultural  experiment  station  at  Geneva, 
N.  Y.,  with  the  following  results: 

Proportions  of  Btorer. 


Division  of  stalk. 


Weight. 


Propor- 
tion. 


Leaves  and  husks . 
Stalks  minus  pith . 
Pith 


Orams. 

Pounds. 

Per  cent. 

23.021 

55.0 

65.2 

»,046 

20.7 

24.5 

3.948 

8.7 

10.3 

The  chemical  composition  of  the  maize  stover  was  found  to  be  as 
follows: 

Chemical  composition  of  stover. 


Division  of  stalk. 


Air-dry  materials. 


Whole  stover 

Stover  without  pith . 
Pith 


Moisture. 


Per  cent. 
I        10. 81 
12.21 
\X  27 


I 


Watsr-free  material*. 


Whole  stover 

Stover  without  pith. 
Pith 


Ash. 


Protein. 


j    Carbo- 
hydrates 
Fil>er.    I     other 
>     than 
K     fiber. 


Fat. 


Per  cent.  Per  cent,  i  Per  cent. 

4. 55  4. 10          26. 02 

4  58  4. 60  I        28, 55  I 

3.02  3.02  I        29.15 


5.68 
5.22 
4.52 


5.22 
5.24 


32.45 
32.52  I 
33.61  I 


Per  cent. 
42.87 
47.35 
45.77 


53.46 
53.93 
52.77 


Per  cent. 
2.56 
2.71 

4.87 


3.19 
3.09 


Following  are  the  figures  obtained  on  the  analysis  of  a  sample  of 
thoroughly  air-dried  maize  stover,  containing  the  whole  plant  with  the 
exception  of  the  root  and  ear : 


Per  cent. 

Moisture 9.80 

Proteids 4.31 

Etber  extract 2.37 

Crude  fiber 28.29 


Per  cent. 

Ash 4.50 

Caboh  yd  rates    <»ther    than     crude 

fiber 40.33 
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Maize  stover  in  some  form  or  otber  is  one  of  tbe  most  abundant  foods 
in  tbe  United  States  for  all  kinds  of  farm  animals.  In  some  localities 
it  almost  excludes  otber  forms  of  coarse  feed,  sncb  as  timotby  bay, 
clover,  etc. 

Preparation  of  Maize  Foddkr. 

As  bas  before  been  intimated,  tbis  fodder  is  often  fed  in  tbe  coarse 
state  witbout  any  preparation  whatever.  In  tbis  condition  a  very  large 
I)ercentage  of  it  is  wasted,  tbe  cattle  eating  little  except  tbe  blades, 
and  perbaps  some  of  tbe  smaller  and  tenderer  parts  of  tbe  stalk.  In 
tbe  older  parts  of  tbe  country  it  is  now  becoming  quite  general  to 
have  tbe  maize  stover  finely  shredded  before  being  fed.  This  not  only 
increases  the  quantity  whicb  becomes  available  for  feed,  but  also  leaves 
the  manure  in  a  much  better  condition  for  spreading  on  tbe  field. 

separation  ok  the  pith  from  the  fiber. 

The  pith  of  tbe  stalks,  as  will  be  seen  furtber  on,  has  valuable 
properties  aside  from  its  digestibility  as  a  feed.  In  tbe  separation  of 
tbe  pith,  tbe  outer  portion  of  the  stalk  remains,  and  it  bas  been  found  to 
be  largely  increased  in  value  for  cattle  food  by  tbe  separation  of  tbe 
pitb. 

Extensive  experiments  have  been  made  in  feeding  cattle  with  tbis 
material,  by  tbe  agricultural  experiment  station  of  Maryland  and  by 
tbe  Geneva  station  of  New  York.  The  composition  of  tbe  outer  shell 
of  the  stalk  wben  finely  ground  and  subjected  to  analysis  bas  been 
found  at  the  Maryland  station  to  be  the  following: 

Per  cent. 

Moisture 9. 22 

Proteids 6.38 

Ether  extract 2. 84 

Crudefiber 28.70 

Experiments  were  made  in  testing  tbe  comparative  digestibility  of 
the  finely  ground  outer  shell  of  the  maize  stalk  in  comparison  with  tbe 
coarsely  sbredded  whole  stover.  Tbe  percentages  of  tbe  materials 
digestible  in  these  two  products  were  found  to  be  as  follows: 

Vigestibility  of  ground  and  shredded  stalks. 


Per  oeot. 

Ash 4.00 

Carbohydrates    other  than  crude 

fiber 48.86 


CouatitneutA. 


Dry  substance 

Ash 

Protein - 

Grade  fiber 

Carbohydrates  other  than  crude  fiber. 

Fat 

Nutritive  ratio 


Ground 
Hholls. 

Shredded 

corn 

fodder. 

Per  cent. 

Per  cent. 

57.6 

46.8 

1.9 

1.3 

3.8 

1.6 

17.3 

19.0 

32.2 

23.2 

2.4 

1.7 

1:14.4 

1:28.7 
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The  genern]  resalts  of  the  feeding  experiments  made  with  this  prod- 
uct show  that  as  a  feed  the  stover  is  greatly  increased  in  value  by  the 
removal  of  the  pith,  the  pith  being  less  digestible  and,  on  account  of 
ita  high  absorptive  properties,  consuming  too  much  of  the  gastric  excre- 
tions. There  seems  to  be  no  doubt  of  the  fact  that  the  feeding  value  of 
the  maize  stover  is  very  considerably  increased  both  by  the  removal  of 
the  pith  and  by  finely  grinding  the  residual  shells  of  the  stalks. 

PROPERTIES  OF  THE  PITH. 

The  i>erceiitage  of  pith  in  the  stalks  and  its  chemical  composition 
have  been  previously  given. 

The  pith  has  a  remarkably  high  absorptive  capacity  for  liquids. 
Experiments  show  that  it  will  absorb  twenty-five  times  its  weight  of 
water. 

Compressibility. — The  pith  is  also  capable  of  being  compressed  into 
a  very  much  smaller  bulk,  but  without  losing  its  resiliency.  The  com- 
pressed blocks  of  pith  still  are  to  a  certain  degree  flexible  and  are 
capable  of  absorbing  immense  quantities  of  water,  but  not  so  large  as 
in  the  uncompressed  state.  This  pith  has  been  used  with  the  greatest 
success  in  the  construction  of  battle  ships  in  the  American  Kavy,  the 
compressed  blocks  being  placed  between  the  two  walls  of  armor  and 
by  reason  of  their  resiliency  they  are  found  to  completely  close  up  the 
hole  made  by  a  projectile  so  as  to  prevent  the  entrance  of  water  for  a 
very  considerable  length  of  time.  For  this  purpose  it  has  been  found 
to  be  immensely  superior  to  other  forms  of  pith  which  have  been  in  use 
for  this  purpose  heretofore,  for  instance  the  pith  of  the  cocoanut. 

Nitrating  properties. — The  pith,  either  directly  or  after  extraction  with 
a  dilute  alkali,  is  easily  nitrated  into  all  the  various  forms  of  material 
commonly  made  from  cotton.  It  has  many  advantages  over  cotton  for 
nitrating  purposes,  especially  in  the  manufacture  of  explosive^  of  all 
kinds,  by  reason  of  its  more  perfect  keeping  qualities.  As  is  well 
known,  the  fibers  of  cotton  are  hollow  and  are  filled  with  a  mixture  of 
acids  during  the  process  of  nitration.  It  is  found  very  difficult  to 
remove  these  traces  of  acid  by  subsequent  washing,  and  therefore  the 
keeping  qualities  of  explosives  made  from  cotton  are  not  of  the  best. 
The  pith  of  Indian  com  stalks  is  not  open  to  the  objection  just  urged 
against  the  fibers  of  cotton.  It  is  easily  nitrated,  easily  washed,  and 
makes  an  excellent  article  for  solution  in  amyl  acetate  or  other  solvent 
for  the  manufacture  of  varnish  of  difierent  kinds  and  also  for  making 
anbstitutes  for  gun  cotton  for  the  purpose  of  manufacturing  smokeless 
powder  and  other  explosives. 

COMPOSITION  OF  THIS  COBS. 

The  cobs  of  Indian  corn  have  high  nutritive  values,  but  have  been 
used  in  this  country  mostly  for  fuel,  and  not  for  cattle  feeding.  In  the 
last  few  years  they  have  been  used  in  some  localities  for  cattle  feed 
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after  having  been  previously  ground  to  a  fine  meal.  The  average 
composition  of  the  whole  cob,  calculated  from  a  mean  of  18  analyses, 
is  as  follows: 


Per  cent. 

Moisture 10.7 

Proteids 2.4 

£ther  extract 5 


Per  cent. 
Ash 1.4 

Crude  fiber 30.1 

Carbohydrates  not  crude  fiber 54. 9 


The  cob  contains  a  small  interior  core  of  fine  i)ith.  In  the  separa- 
tion of  the  pith  from  the  exterior  substance  the  following  proportions 
were  found : 

Percentage  of  pith 1.5 

Percentage  of  shell 98. 5 

The  pith  of  the  corncob  has  many  of  the  properties  characteristic 
of  that  of  the  stalk,  is  finer  in  texture,  however,  and  less  absorptive. 
By  experiment  it  was  found  that  one  gram  of  the  air  dry  pith  absorbs 
10.43  grams  of  water.  The  chemical  composition  of  the  pith  and  the 
shell  of  the  cob  are  found  in  the  following  table : 

Chemical  compoaiiion  of  comcoh. 


Coustitaeuts. 


Moiflture 

Ether  extract 

Fiber 

Ash 

Prot«in 


Pith. 


Percent. 
8.11 
.52 
34.15 
2.43 
2.06 


Shell. 


Per  cent. 

9.08 

.23 

32.17 

1,55 

1.75 


Maize  cobs  are  used  to  a  large  extent  in  the  manufacture  of  pipes  for 
smoking  tobacco. 

MANUFACTURE  OP  STARCH. 

Practically  all  of  the  starch  which  is  made  in  the  United  States  is 
made  from  the  grains  of  the  Indian  corn.  In  a  few  localities  a  small 
quantity  of  starch  is  made  from  potatoes,  and  in  Florida  and  some  other 
parts  of  the  South  still  smaller  quantities  from  the  cassava.  The  starch 
of  commerce,  however,  for  the  whole  country  is  derived  exclusively 
from  Indian  corn.  The  grains  of  the  Indian  corn  contain  from  60  to  65 
per  cent  of  starch,  and  nearly  all  of  this  is  secured  in  commercial 
operations  in  a  merchantable  form.  The  process  of  starch  making  is 
extremely  simple.  The  grains  are  softened  in  hot  water  until  they  can 
be  easily  crushed  between  stones  or  rollers  into  a  fine  pulp.  This  pulp 
is  carried  onto  shakers  lined  with  fine  cloth,  and  as  the  pulp  passes  over 
these  the  starch  is  washed  through  the  meshes  of  the  cloth  by  a  stream 
of  water.  It  is  customary  in  some  localities  to  treat  the  separated 
starch  with  a  dilute  alkali,  usually  caustic  soda,  for  the  purpose  of 
freeing  it  more  completely  from  attached  particles  of  a  nitrogenous 
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nature.  The  dissolved  uitrogeuous  bodies  and  the  alkaline  waters  are 
sabsequeutly  removed  by  washing  with  pure  water.  The  starch  is  then 
allowed  to  settle,  and  the  moist  blocks  are  placed  upon  drawers  and 
brought  to  the  proper  state  of  dehydration  for  commercial  purposes. 
Starches  intended  for  cooking  purposes  receive  special  treatment,  and 
are  purer  and  whiter  thau  those  made  for  laundry  purposes.  The  quan- 
tity of  Indian  corn  used  for  starch  making  in  the  United  States  is  not 
actually  known,  but  is  doubtless  greater  than  the  amount  used  for 
glucose  making. 

MANUFACTURE  OF  GLUCOSE. 

The  manufacture  of  starch  sugars  of  various  degrees  of  hydrolyza- 
tion  is  an  important  industry  in  the  United  States.  These  products  of 
the  hydrolysis  of  starch  are  known  as  glucose  or  grape  sugar.  The 
glucoses  represent  those  in  which  the  hydrolysis  is  less  complete,  and 
consist  largely  of  dextrin,  dextrose,  a  little  maltose,  and  water.  These 
are  made  into  thick  and  white  sirups,  used  largely  for  table  sirups, 
for  adulterating  molasses  and  honey,  and  for  confectioners'  purposes. 
Grape  sugar  is  a  term  applied  to  the  solid  product  obtained  by  the 
hydrolysis  of  starch  in  which  the  hydrolysis  is  carried  to  a  greater 
extent,  the  resulting  product  consisting  chiefly  of  dextrose.  This 
product  is  chiefly  used  as  a  substitute  for  malt  in  the  brewing  of  beer 
and  ale.  This  industry  has  assumed  immense  proportions  in  the 
United  States,  the  quantity  of  Indian  corn  annuiilly  consumed  in  the 
manufacture  of  glucose  being  about  40,000,000  bushels,  or  14,095,922 
hectoliters. 

MANUFACTURE  OF  W^HISKT  AND  ALCOHOL. 

Large  quantities  of  Indian  corn  are  used  in  the  United  States  for 
the  manufacture  of  the  beverage  known  as  whisky.  There  is  proba- 
bly more  Indian-corn  whisky  made  in  the  United  States  than  is  made 
from  all  other  grains  combined.  Indian- corn  whisky  is  generally  des- 
ignated by  the  term  '*  Bourbon,"  to  distinguish  it  from  the  rye  whisky, 
which  is  the  other  whisky  chiefly  used.  The  process  of  manufacture 
is  entirely  analagous  to  that  used  in  making  whisky  from  other  cereal 
grains.  The  conversion  of  the  starch  into  fermentable  sugars  is 
accomplished  by  diastatic  action,  and  the  resulting  mash  fermented 
.and  subjected  to  distillation.  Certain  volatile  matters  besides  ethyl 
alcohol  pass  over  into  the  distillate,  especially  of  that  group  of  higher 
alcohols  known  under  the  name  of  <<  fusel  oil."  The  aromatic  flavoring 
essential  oils  of  Indian  corn  also  appear  in  the  distillate.  After  proper 
rectification  the  distilled  whisky  is  colored  with  burnt  sugar,  placed  in 
oak  barrels,  and  allowed  to  lie  in  warehouses  for  from  three  to  five 
years.  Daring  this  period  the  fusel  oils  are  largely  oxidized  to  aro- 
matic ethers,  the  whisky  is  rendered  mild  and  agreeable  in  flavor,  and 
the  general  improvement  due  to  aging  takes  place. 
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Indian  corn  is  also  practically  the  source  of  all  the  commercial  alco- 
hols, Cologne  spirits,  high  wines,  and  other  alcoholic  products  made 
in  the  United  States.  The  distillation  of  high  wines,  Cologne  spirits, 
and  alcohols  is  a  great  industry,  consuming  annually  about  15,000,000 
bushels,  or  6,285,971  hectoliters  of  Indian  corn. 

BT-PRODUCTS    IN   THE    MANUFACTURE    OF    STARCH,   GLUCOSE, 
WHISKT,   AND  ALCOHOL. 

The  glutinous  and  other  residues  from  the  manufacture  of  starch, 
glucose,  whisky,  and  alcohol  are  used  as  cattle  feed.  Formerly  it  was 
the  custom  to  employ  these  waste  matters  in  the  moist  state,  but  in 
most  parts  of  the  country  this  method  has  been  superseded  by  the 
method  of  drying  the  residues  and  selling  them  in  the  practically 
anhydrous  condition.  In  this  state  they  are  much  more  easily  trans- 
ported, the  objectionable  odors  which  were  a  predominant  character- 
istic of  the  moist  foods  are  removed,  and  the  wholesomeness  of  the  food 
is  in  every  way  promoted.  The  method  of  preparing  these  foods  is 
practically  the  same  as  that  used  in  the  saving  of  residues  from  brew- 
eries for  feeding  purposes,  and  the  nutritive  value  of  the  Indian-corn 
residues  is  quite  equal  to  that  of  brewers'  grains. 

CONCLUSION. 

An  attempt  has  thus  been  made  to  briefly  review  the  chief  points 
connected  with  the  constitution  and  economic  value  of  the  Indian- 
corn  plant.  It  is  predominantly  the  characteristic  cereal  crop  of  the 
United  States,  and  its  money  value  is,  perhaps,  greater  than  that  of  any 
one  crop,  with  the  exception  of  cotton.  It  has  been  shown  that  it  is  a 
valuable  food  for  man  and  that  it  is  tlie  chief  food  of  the  domestic  ani- 
mals of  our  great  country.  In  addition  to  this,  large  quantities  of 
starch  are  made  from  it,  and  also  glucose  and  grape  sugar.  It  not 
only  serves  as  our  food,  but  also  furnishes  a  part  of  our  drink,  in  the 
form  of  the  various  grades  of  Indian-corn  whisky.  In  addition  to  this, 
it  is  the  source  of  an  immense  industry  in  the  manufacture  of  alcohols, 
high  wines,  and  Cologne  spirits.  The  stalks,  which  a  few  years  ago 
were  considered  an  injurious  residue,  have  been  found  to  possess  most 
valuable  properties  as  cattle  food.  Especially  is  this  true  of  the  outer 
shells.  The  inner  portion  of  the  stalk— the  pith — possesses  remark- 
able properties  as  an  obturator  in  the  manufacture  of  battle  ships.  It 
possesses  a  high  degree  of  resilience  and  porosity,  and  when  perforated 
by  a  shot  or  shell  it  instantly  closes  the  aperture  made  by  the  projectile, 
and  thus  prevents  the  entrance  of  water  into  the  vessel.  It  also  has 
peculiar  properties  rendering  it  suitable  for  the  manufacture  of  pyrox- 
ylin varnishes,  gun  cotton,  and  high  explosives.  By  reason  of  the 
nature  of  its  construction  it  is  easily  nitrated.  The  acids  are  completely 
removed  by  washing,  and  the  resulting  compound  is  mose  stable,  and 
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therefore  more  valuable,  than  that  which  is  derived  from  cotton  under 
similar  treatment. 

It  has  been  deemed  wise  to  collect  the  above  results  of  recent  work 
which  has  been  done  in  the  Chemical  Division  of  the  Department  of 
Agriculture  on  the  subject  of  Indian  corn,  especially  because  the  merits 
of  this  plant  are  not  well  appreciated  in  Europe,  where  Indian  corn 
is  not  regarded  as  a  fit  source  of  human  food,  and  where  its  genuine 
nutritive  properties  and  the  properties  of  the  stalks  are  not  known.  It 
is  believed  that  by  calling  the  attention  of  the  scientific  men  of  Europe 
to  Indian  corn,  good  will  result,  not  only  to  the  country  which  is  in- 
terested in  the  growth  of  this  great  cereal,  but  to  Europe,  where 
cheap  and  nutritious  food  products  are  desired. 
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PROCEEDINGS  OF  THE  FOURTEENTH  ANNUAL  CONVENTION  OF 
THE  ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


KIRST   DAY.    • 
TUESDAY— MORHnrO  SESSION. 

The  fourteenth  annual  convention  of  the  Association  of  Official  Agri- 
cultural Chemists  was  held  in  the  lecture  hall  of  the  Columbian  Uui- 
versity,  beginning  October  26, 1897.  The  meeting  was  called  to  order 
by  the  president,  Mr.  William  Frear,  who  appointed  Messrs.  Patterson, 
Davidson,  and  Hills  a  committee  on  order  of  business.  The  committee 
reported  as  follows: 

First.  Report  on  nitrogen. 

Second.  Report  on  potash. 

Third.  Report  on  phosphoric  acid. 

Fourth.  Report  on  soils  and  ash. 

Fifth.  Rex)ort  on  foods  and  feed  stuffs. 

Sixth.  Report  on  food  adulteration. 

Seventh.  Report  on  dairy  products. 

Eighth.  Report  on  sugars. 

Ninth.  Report  on  fermented  and  distilled  liquors. 

Tenth.  Report  on  tannin. 

The  election  of  officers  was  made  a  special  order  for  Wednesday, 
October  27,  at  3  p.  m. 

Fpon  motion  the  rejwrt  was  adopted. 

The  president  read  the  following  annual  address  to  the  association. 

ADDRESS  OF  THE  PRESIDENT. 

Membsbs  op  thb  Association  of  Official  Chemists:  It  is 
customary,  at  the  opening  of  each  annual  convention  of  the  association, 
for  your  presiding  officer  to  make  a  few  introductory  remarks  relative 
to  its  aims  and  work.  It  is  well  for  the  ship  if  the  officers  and  the 
lookouts  be  not  satisfied  with  the  progress  indicated  by  the  beating 
throb  of  the  engine,  but  are  also  keenly  observant  of  her  course  and 
her  speed,  keeping  a  watchful  eye  upon  compass  and  log. 

It  is  likewise  well  for  such  an  association  as  ours  if  those  concerned 
in  its  work  are  not  content  simply  with  the  performance  of  much  routine 
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work  along  lines  already  well  fixed  by  the  earlier  work  of  the  associa- 
tion, but  stady  also  the  logic  of  its  progress  and  growth,  the  new 
demands  each  step  in  the  science  of  the  chemist,  the  art  of  the  tech- 
nologist, and  the  statute  of  the  legislator  makes  upon  it. 

The  early  inception  of  the  idea  of  this  organization  was  due  to  the 
friction  between  buyer  and  seller  and  their  arbitrators,  the  chemists, 
resulting  from  differences  in  themethodsof  determining  the  phosphoric 
acid  in  that  ill-defined  group  of  materials  called  ^^  reverted  phosphates". 
The  purpose  of  the  association  was,  by  study  of  details  of  method,  to 
arrive  at  uniformity  of  analytical  processes;  and,  by  comparison  of 
results  of  manipulation  in  the  laboratories  concerned,  to  arrive  at  iden- 
tity of  analytical  n^sults  by  different  chemists  upon  the  same  material. 

The  striking  benefits  that  followed  these  efforts  induced  those  inter- 
ested in  the  work  of  the  agricultural  experiment  stations,  organized 
not  long  after,  to  attempt  a  similar  unification  of  methods  for  the 
determination  of  the  ill-defined  groups  of  substances  whose  separation 
is  attempted  in  the  course  of  investigations  upon  animal  nutrition. 
Work  upon  soil  and  ash  analysis,  upon  dairy  products,  and  apon  other 
products  of  rural  industry,  such  as  sugar  products,  wines,  etc.,  was 
undertaken  soon  after. 

Finally,  the  growing  recognition  of  the  value  of  chemical  analysis  in 
the  control  of  tanning  operations  has  led  to  the  formation  of  a  group 
of  workers  upon  the  methods  applicable  to  the  analysis  of  tanners' raw 
materials  and  their  products. 

Primarily,  the  work  of  the  association  has  been  chiefly  along  the 
lines  of  importance  to  the  official  chemist.  This  must  still  be,  to  a 
large  extent,  true  of  the  association's  work.  But  it  will  fail  of  its  high 
opportunities  and  choose  an  ideal  lower  than  it  may  properly  select  if 
its  work  be  not  pushed  also,  in  a  large  measure,  along  more  distinctly 
scientific  lines. 

The  work  in  determination  of  available  plant  food  in  soils,  the  study 
of  the  methods  of  analysis  applicable  to  slag  phosphates,  the  test  of 
various  methods  for  the  separation  and  determination  of  simple  sub- 
stances and  narrower,  better-defined  groups  of  substances  in  cattle 
foods  and  dairy  products,  the  studies  of  solubilities  of  various  phos- 
phates, may  be  cited  as  illustrations  of  valuable  work  by  the  associa- 
tion in  this  field.  If  we  would  accomplish  most,  we  must  remember 
that  the  ideal  accora[)li8hment  is  not  the  perfection  of  an  arbitrary 
method  for  the  determination  of  an  ill-defined  group  of  substances,  but, 
much  further  on,  the  attainment  of  a  method  by  which  such  a  group 
may  be  resolved  into  its  simple  components,  and  the  effective  value  of 
each  determined.-  For  example,  the  work  upon  phosphoric  acid  will 
not  be  finished  by  the  shaping  of  a  method  capable  of  yielding  excellent 
duplicate  results  upon  dissolved  phosphate,  raw  phosphates — calcic  and 
ferruginous — upon  bones  and  slag  alike;  but  only  when,  by  the  methods 
devised  (probably  a  separate  method  for  each),  it  is  made  possible  to 
gain  an  idea  of  the  available  plant  food  that  each  will  yield  under  some 
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normal  conditiou,  or,  it  may  be,  under  several  distinct  classes  of  con- 
ditions. This  is,  indeed,  a  far  more  difficult  field  of  operation,  but  it  is 
none  the  less  important. 

It  may  be  well,  at  this  point,  to  refer  to  an  impression  prevailing  in 
the  miuds  of  some  of  our  associates.  As  an  incident  to  the  perfection 
of  fertilizer  methods  there  came  the  opportunity  of  comparison  of  the 
results  of  manipulation  by  different  analysts.  A  valuable  training  was 
thus  afforded  to  the  young  beginners  with  whom  our  laboratories, 
spmug  suddenly  into  existence,  were  largely  manned.  The  opportu- 
nity thus  afforded  is  extremely  valuable  in  its  influence  both  upon  the 
accuracy  of  the  analyst  and  upon  the  confidence  of  the  man  whose 
goods  he  values.  Some,  indeed,  came  to  regard  this  as  the  chief  raison 
tPetre  of  the  association,  and  have  suggested  the  desirability  of  so  con- 
ducting its  work  that  it  shall  become  practically  a  <^moot  court"  for 
tyros  in  analysis.  Without  depreciating  at  all  the  value  of  such  com- 
parison, I  protest  earnestly  against  such  a  conception  of  the  work  to  be 
done.  There  is  ample  scope  for  the  exercise  of  generalship  on  the  part 
of  our  more  experienced  members,  as  well  as  for  drill  to  the  juniors  of 
our  organization. 

With  these  brief  comments  upon  the  general  work  of  the  association, 
I  desire  to  again  call  your  attention  to  the  fact  that  the  prime  work  of 
the  association  is  along  lines  important  to  the  official  agricultural 
chemist.  At  first  his  work  was  confined  almost  exclusively,  in  Amer- 
ica, to  the  fertilizer  control.  The  association's  transactions  in  this 
domain  have  been  of  great  helpfulness  to  those  concerned  in  the  anal- 
ysis of  fertilizers,  whether  as  manufacturers,  as  sellers,  as  buyers,  or 
as  control  officials. 

But  parallel  with  the  fertilizer  control  work,  there  has  arisen  a  demand 
upon  the  agricultural  chemist  for  the  application  of  analytical  methods 
to  the  detection  of  food  adulterations,  with  a  view  to  insuring  their 
prevention.  For  the  chemist  engaged  in  this  work  the  association  has 
done  little  that  is  directly  and  specifically  useful — this  is  said  with  full 
remembrance  of  our  work  on  milk  and  its  products,  sugar  products, 
and  alcoholic  liquors.  Our  effort  has  been  chiefly  directed  toward  the 
perfection  of  methods  devised  to  determine  the  normal  constituents  of 
certain  food  materials,  scarcely  at  all  to  the  detection  and  estimation 
of  foreign  admixtures.  The  former  work  should  be  continued,  but 
there  is  a  pressing  demand  for  the  latter.  I  wish  particularly  to  note 
a  few  facts  and  to  offer  a  few  suggestions  with  reference  to  this  latter 
work. 

It  may  not  be  amiss  to  consider  the  great  values  concerned.  Wald- 
ron  (Handbook  of  Currency  and  Wealth,  1896,  p.  101)  estimates  the 
nation's  expenditure  for  food  to  be  $3,305,000,000,  and  for  liquors 
•900,000,000,  making  a  grand  total  of  $4,205,000,000,  or  nearly  31  per 
cent  of  the  entire  expenditure  for  necessaries,  luxuries,  and  capital  j 
and  this  grand  total  does  not  include  those  articles  of  food  properly 
classed  as  luxuries. 
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Edge  (Bept.  Pa.  Dept.  of  Agricnltare,  1895^  p.  215)  estimates  the  value 
of  the  food  consumed  in  the  country  at  $4,500,000,000;  and  Commia- 
sioner  Mcl^eal,  of  Ohio,  that  of  foods,  drinks,  and  drugs  at  $7,280,000,000. 

From  the  records  prepared  under  the  direction  of  Hon.  GarroU  D. 
Wright,  United  States  Commissioner  of  Labor  (Sixth  and  Seventh 
Annual  Reports),  showing  the  earnings  and  itemized  expenditures  of 
6,809  families,  containing  35,312  persons,  representing  the  iron  and 
steel  workers,  bituminous  coal  miners,  ore  miners,  limestone  quarry- 
men,  glass  workers,  and  cotton  and  wool  workers  of  the  country,  I  And 
that  the  average  family  spent  upon  its  food  39.4  per  cent  of  its  total 
income — a  proi)ortion  much  larger  than  that  given  by  Waldron,  who 
fixed  the  average  at  24.23  per  cent.  These  figures  from  Wright's  rec- 
ords do  not  include  expenditures  for  alcoholic  liquors.  If  applied  to 
the  whole  population,  they  would  bring  thQ  total  to  $3^244,000,000;  of 
this  amount  52  per  cent,  or  $1,687,000,000,  was  spent  upon  adulterable 
foods. 

The  following  statement  of  the  values  of  the  food  products  manufac- 
tured in  the  United  States  in  1889  I  have  summarized  from  the  figures 
of  the  Eleventh  Census: 

Floor,  milllDg  and  bakery  prodncts  (leas  the  materialB  used  in  bakeries)  $569, 885, 430 
Fruit,    vegetables,    food    preparations,   pickles    (inclading    canned 

oysters) 68,991,790 

SagsKs,  simps  (refining),  ^(Inoose,  and  oonlections  (less  materials  nsed 

by  confectioners) 155,755,417 

Dairy  prodncts,  lard,  andoleo 71,149,146 

Condiments,  flavoring  extracts,  salt,  and  vinegar  (including  cider) .. .  22, 155, 288 

Table  beverages  and  bottled  drinks  (including  spices) 92, 847, 103 

Alcoholic  liquors 289,775,638 

Total 1,265,559,763 

But  this  category  omits  many  highly  important  food  products — not 
only  such  as  undergo  no  manufacturing  process  before  they  come  to 
the  kitchen  and  are  little  liable  to  adulteration,  such  as  fresh  meats, 
eggs,  firuits,  vegetables,  and  nuts — ^but  also  canned  and  pickled  meats 
and  fish,  honey,  crude  sirups  and  sugars,  and  milk.  Neither  does  it 
include  those  materials  ready  for  family  use. 

The  census  figures  show  the  following  amounts  for  certain  of  these 
products  in  1890: 


Prodncto. 


Honey ponnds.. 

CaDeniolMses eallons.. 

Sorj^hiim  molasaea do — 

Maple  simp do j 

Maple  sugar pounda. 


AmooBt. 


BoQghly  valued  at . 


03,807,827 
25,400,228 
24,235,210 
2.268,376 
32,052,027 


Price. 


Cents. 

5 

30 
28 
60 

8 


Total. 


$3,104,866.35 
7,622,768.40 
6,785,861.82 
1,365,025.60 
2,636,234.16 


21,504,755.83 
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l%e  Eleventh  Censns  makes  the  totai  valiie  of  the  homemade  and 
&ctory-made  dairy  producta  and  of  the  milk  not  transformed  into 
mannfactared  products  $411,976^522.  Alvord  (Bulletin  ISo.  11,  Bureau 
of  Animal  Industry)  makes  a  higher  estimate,  $454,900,000,  which,  in 
view  of  the  fact  that  the  census  figure  includes  statements  from  only 
such  factories  as  made  returns,  and  many  failed  to  make  the  proper 
returns,  is  probably  not  too  high.  Alvord  includes  the  yield  of  town 
cows,  omitted  by  the  census. 

Much,  however,  of  this  dairy  product  never  leaves  the  farm.  How 
much  is  sold  it  is  difficult  to  estimate.  From  my  own  observation  I 
incline  to  believe  that  the  per  capita  consumption  of  whole  milk,  butter, 
and  cheese  is  less  on  the  farm  than  elsewhere. 

In  1890  the  per  capita  production  of  butter,  according  to  the  census, 
was  19  i)ounds,  deducting  the  amount  exported;  21.7  pounds  accord- 
ing to  Alvord's  estimates;  of  cheese,  according  to  the  census,  3.7 
I>ound6;  according  to  Alvord,  4.1  pounds.  Alvord  also  estimates  the 
average  direct  milk  consumption  at  25^  gallous  of  whole  milk  per 
capita. 

In  1890  Boston  had  a  population  of  488,477;  it  has  probably  grown 
somewhat  since  then.  Correspondence  with  Hon.  Oeorge  M.  Whit- 
aker,  executive  officer  of  the  Massachusetts  dairy  bureau,  places  the 
annual  milk  delivery  in  Boston  at  about  31,800,000  gallons;  and  of 
butter — ^based  upon  five  months'  returns,  less  corresponding  exports — 
at  54,067,200  pounds.  Estimating  that  the  market  supplies  600,000 
population  with  butter  and  500,000  with  milk,  this  makes  the  annual 
consumption  per  capita  90  pounds  of  butter  and  60^  gallons  of  milk. 
The  amount  of  both  butter  and  milk  made  up  into  other  food  prepa- 
rations and  exported  in  such  guise  I  have  not  been  able  to  estimate. 

In  1890,  New  York  had  a  population  of  1,515,301.  The  New  York 
dairy  and  food  commissioner  states  the  annual  consumption  of  that 
city  to  be: 

Batter poundB..     85,880,442 

Cheese do....     38.224,752 

Condensed  milk,  cream,  and  whole  miUc,  equivalent  to  the 
whole  milk  (oiroa) gallons..  107,410,000 

Equivalent  per  capita,  assuming  a  present  population  of  1,750,000,  to — 

Batter pounds..     49.1 

Cheese do....    21.8 

Milk gallons..     61.4 

These  i>er  capita  figures,  while  doubtless  excessive,*  indicat/C,  never- 
theless, that  the  rate  of  consumption  of  these  dairy  products  on  the 

iJn  a  recent  letter  Mr.  Whitaker  says:  "The  city  of  Boston  proper  is  surrounded 
by  a  circle  of  towns  and  cities.  The  business  interests  of  these  places  are  united 
with  the  business  interests  of  Boston,  and  they  are  collectively  called  '  Greater 
Boston/ 

'^The  milk  of  Greater  Boston  comes,  first,  by  rail  ftom  a  territory  roughly  stated 
tm  between  25  and  150  miles  distant  from  Boston ;  second,  by  wagon  from  a  territory 
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farm  mast  be  far  less  than  the  most  urban  communities.  So  that  an 
assignment  of  one-fourth  of  these  dairy  products  to  the  rural  commu- 
nitieSy  a  proportion  equal  to  that  their  working  population  bears  to  the 
entire  working  population  of  the  country,  leaves  a  balance  for  dairy 
products  sold  upon  the  market  and  liable  to  adulteration  that  is  cer- 
tainly too  low.  This  balance,  after  deducting  the  nearly  $63,000,000 
worth  of  dairy  products  made  in  the  factories,  is  about  $350,000,000 
worth. 

For  pickled  and  canned  meats  I  have  obtained  no  satisfactory  figures. 

So  many  of  our  imports  of  food  materials  have  already  been  accounted 
for  as  raw  materials,  that  I  will  not  consume  your  time  by  any  elabo- 
rate showing  ot  their  importauQC,  but  will  simply  note  the  following 
items  for  the  year  ending  June  30, 1896: 

Bottled  drinks,  nonalcoholic $288,963 

Macaroni 599,836 

Infants' foods 66,545 

Lemon  jnioe,  etc 84, 073 

Vanilla  bean 1,013,609 

Chocolate,  chicory,  cocoa,  and  coffee,  with  subs titn tea 88, 151,  593 

Farinaceous  substances 257, 588 

Anchovies 956,255 

Maltliqnors 1,652,971 

Vegetable  oils 2,688,051 

Extract  of  beef 214,932 

Rice  flour 916,512 

Saccharin 53,760 

Salt 752,108 

Spices 2,137,197 

Mustard 227,928 

DistiUed  spirits 2,098,122 

Sugar,  molasses,  and  confectionery 84, 369, 504 

Tea 12,688,740 

Vegetables,  canned  and  pickled 1, 045,  999 

Waters,  soda,  etc 585,694 

Wines 7,212,997 

When  it  is  further  shown,  as  the  records  of  our  various  State  food 
controls  amply  proye,  that  from  5  to  15  per  cent  of  the  entire  food 

within  25  miles  of  the  city ;  and  third,  a  small  amount  is  produced  in  this  territory, 
for  as  we  go  out  of  Boston  some  of  the  towns  shade  off'  to  agricultural  communities 
and  keep  quite  a  number  of  cows.  The  figures  which  I  gave  you  refer  to  the  milk 
supply  of  Greater  Boston. 

"Second,  as  to  your  inquiry  about  butter:  The  expression  'butter  exported' 
means  butter  exported  across  the  water,  particularly  to  England.  The  Chamber  of 
Commerce  receives  from  the  railroads  the  amount  of  butter  brought  to  the  city. 
From  this  the  butter  exported  is  deducted,  and  the  balance  is  called  'domestic  con- 
sumption.' This  is  butter  which  goes  into  the  ordinary  lines  of  trade  from  Boston 
as  a  commercial  center,  but  is  almost  entirely  consumed  in  eastern  Massachusetts, 
southern  New  Hampshire,  and  a  little  in  Rhode  Island.  Occasionally  a  drummer 
finds  his  way  into  the  western  part  of  the  Stat«,  but  that  is  an  agricultural  com- 
munity and  very  largely  supports  itself.  The  same  is  true  for  eastern  Connectioot. 
Western  Connecticut  is  principally  supplied  from  the  New  York  market,  and  New 
York  firms  compete  with  Boston  firms  for  the  business  of  Rhode  Island.'* 
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sapply  upon  the  markets  is  adulterated,  and  that  fnlly  10  per  cent  of  the 
adnlteration  is  injorious  to  health,  little  further  is  needed,  it  seems  to 
me,  to  emphasize  the  importance  of  the  work  of  the  food  control  and  of 
all  subjects  relating  thereto. 

There  are  two  ways  in  which  this  association  can  aid  the  food-control 
chemist: 

(1)  By  the  careful  selection,  accurate  description,  and  test  of  methods 
fitted  for  the  control  examination  of  the  various  classes  of  adulterable 
food  materials  ui)on  the  market.  Food-control  chemists  differ  to-day  in 
their  results  even  more  than  fertilizer-control  chemists  differed  when 
this  association  wa§  organized,  and  both  from  the  same  cause,  namely, 
the  use  of  different  methods  for  the  same  determination.  The  preva- 
lence of  these  differences  among  reputed  experts  seriously  impairs  the 
confidence  of  judicial  and  administrative  officers  in  the  chemist's  work 
and  begets  a  justifiable  timidity  on  the  part  of  the  honest  manufacturer 
and  dealer,  whose  hearty  cooperation  is  most  important  to  the  success 
of  the  control.  All  concerned  in  this  work  have  much  to  hope  for  from 
the  unification  and  improvement  of  analytical  methods  in  this  field  of 
operation.  Toward  this  end  the  association  looked  in  the  appointment 
last  year,  for  the  first  time,  of  a  reporter  on  food  adulteration. 

(2)  By  taking  steps  to  secure  the  establishment  of  standards  of  com- 
position for  pure  food  substances,  just  as  the  druggists  have  done  for 
drugs.  The  United  States  Pharmacopoeia  is  the  accepted  authority  as 
to  standards  for  the  purity  of  drugs,  and  incidentally  for  a  few  food 
substances.  Most  State  and  municipal  laws  relating  to  the  control  of 
drug  adulteration  distinctly  accept  the  pharmacopceial  standards  of 
purity.  A  similar  work  must  be  done  for  foods.  In  the  absence  of 
such  an  accepted  set  of  standards  each  food  chemist  is  compelled  to 
formulate  his  own.  The  result  is  that  the  standards  used  by  different 
chemists  are  based  upon  insufficient  data  and  are  formulated  according 
to  different  canons,  with  the  consequence  that  legal  actions  are  insti- 
tuted in  good  faith  by  control  officers  only  to  be  lost  by  the  failure 
of  the  several  experts  to  agree  upon  the  essential  bases  of  comparison. 

Another  result  of  this  lack  of  consensus  of  expert  opinion,  based 
upon  the  most  reliably  ascertained  facts  of  food  composition,  is  the 
incorx)oration  into  legislation  of  arbitrary  standards  that  work  serious 
injustice  to  innocent  producers  and  dealers. 

I  earnestly  hope  that  this  year  this  association  may,  from  its  vantage 
point  of  successful  attainment  in  other  directions,  begin  a  movement 
to  overcome  these  difficulties  under  which  the  official  food  analyst 
to-day  labors. 

MBMBBRS  AND  VISITORS  PRESENT. 

The  following  members  and  visitors  were  present: 

Allen,  E.  W.,  Office  of  Experiment  Stations,  United  States  Department  of  Agiioolture, 

Washington,  D.  C. 
Anderson,  James  T.,  Alabama  Experiment  Station,  Auburn,  Ala. 
Atwater,  B.  M.,  Syracuse,  N.  Y.  f^  ,^r^n]r> 
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Bartletty  J.  M.^  Agricultural  Experiment  Station,  Onmo,  Me. . 

Beal,  W.  H.,  United  States  Department  of  An^rioolture,  Washington,  D.  C. 

Bigelow,  W.  D.,  Division  of  Chemistry,  United  States  Department  of  Agricaltnre, 

Washington,  D.  C. 
Bryant,  A.  P.,  Storrs  Experiment  Station,  Middletown,  Conn. 
Carpenter,  F.  B.,  Virginia-Carolina  Chemical  Company,  Richmond,  Ya. 
Carr,  Oma,  Corry,  Pa. 

Chesnat,  Y.  K.,  Department  of  Agrioaltore,  Washingtoo,  D.  C. 
Clark,  Reed  Paige,  Washington,  D.  C. 

Coates,  Charles  B.  Jr.,  Louisiana  State  University,  Baton  Rouge,  La. 
Craighill,  G.  P.,  Lynchburg,  Ya. 

Crampton,  C.  A.,  Treasury  Department,  Washington,  D.  C. 
Cutter,  W.  P.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Davidson,  R.  J.,  Experiment  Station,  Blacksburg,  Ya. 
Dickeson,  William  £.,  United  States  Appraiser's  Office,  Philadelphia,  Pa. 
Ellett,  W.  B.,  Experiment  Station,  Blacksburg,  Ya. 
Ewell,  £.  £.,  Department  of  Agriculture,  Washington,  1).  C. 
Femandez-Cavada,  Fernando,  Audubon  Park,  New  Orleans,  La. 
Frear,  William,  Experiment  Station,  State  College,  Pa. 
Fulmer,  Elton,  Experiment  Station,  Pullman,  Wash. 
Gaines,  Richard  H.,  Department  of  Agriculture,  Richmond,  Ya. 
Hand,  W.  F.,  Agricultural  College,  Miss. 

Haywood,  J.  K.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Hills,  Joseph  L.,  Experiment  Station,  Burlington,  Yt. 
Hird,  J.  D.,  Washington,  D.  C. 

Hite,  B.  H.,  Experiment  Station,  Morgantown,  W.  Ya. 
Huston,  H.  A.,  Experiment  Station,  Lafayette,  Ind. 
Jenter,  C.  G.,  Experiment  Station,  Geneva,  N.  Y. 
Jones,  Charles  H.,  Experiment  Station,  Burlington,  Yt. 
Kilgore,  B.  W.,  Agricultural  College,  Miss. 
Knox,  Roy,  Morgantown,  W.  Ya. 

Krug,  William  H.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Krumbhaar,  Charles  Conrad,  Audubon  Park,  New  Orleans,  La. 
Langworihy,  C.  F.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Laughlin,  J.  R.,  Maryland  Agricultural  College,  College  Park,  Md. 
Lehmann,  G.  W.,  Chemist,  Board  of  Health,  Baltimore,  Md. 
Lindsey,  J.  B.,  Hatch  Experiment  Station,  Amherst,  Mass. 
McDonnell,  H.  B.,  Maryland  Agricultural  College,  College  Park,  Md. 
Moore,  C.  C,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Munroe,  C.  E.,  Columbian  University,  Washington,  D.  C. 
North,  J.,  205  Third  avenue.  New  York  City,  N.  Y. 

Patrick,  George  £.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Patterson,  H.  J.,  Experiment  Station,  College  Park,  Md. 
Peacock,  S.,  Philadelphia,  Pa. 
Penny,  C.  L.,  Experiment  Station,  Newark,  Del. 
Perkins,  George  E.,  72  Jackson  street.  Providence,  R.  I. 
Persons,  A.  A.,  Experiment  Station,  Lake  City,  Fla. 
Ross,  B.  B.,  Auburn,  Ala. 

Runyan,  E.  G.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Schweinitz,  de,  E.  A.,  Department  of  Agriculture,  Washington,  D.  C. 
Scovell,  M.  A.,  Experiment  Station,  Lexington,  Ky. 
Skinner,  W.,  Maryland  Agricultural  College,  College  Park,  Md. 
Spencer,  G.  L.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 
Street,  John  Phillips,  Experiment  Station,  New  Brunswick,  N.  J. 
Sweetser,  W.  S.,  Experiment  Station,  State  College,  Pa. 
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ThigpoDy  J.  H.,  WMhington,  D.  C. 

Trescot,  T.  C,  United  Stotes  Depiurtoient  of  Agrionlture,  Washington,  D.  C. 

Van  81yke,  L.  L.,  Experiment  Station,  Geneva,  N.  Y. 

Yeitch,  F.  P.,  Maryland  Agricultural  College,  College  Park,  Md. 

Wainwright,  J.  H.,  United  States  Appraiser's  Oflice,  New  York  City,  N.  Y. 

Welty,  Harry  T.,  College  Park,  Md. 

Wheeler,  Edward  J.,  Department  of  Agriculture,  Albany,  N.  Y. 

Wheeler,  H.  J.,  Experiment  Station,  Kingston,  R.  I. 

Wiley,  H.  W.,  United  States  Department  of  Agriculture,  Washington,  D.  C. 

Williams,  C.  B.,  Experiment  Station,  Raleigh,  N.  C. 

Winton,  A.  L.,  Experiment  Station,  New  Haven,  Conn. 

Withers,  W.  A.,  Experiment  Station,  Raleigh,  N.  C. 

Yocum,  J.  H.,  United  States  Leather  Company,  New  York  City,  N.  Y. 

The  Pbbsident.  It  is  customary  at  this  time  to  appoint  a  committee 
to  acquaint  the  honorable  Secretary  and  Assistant  Secretary  of  Agri- 
culture with  the  fact  that  we  are  in  session  and  request  their  presence 
at  such  time  as  they  may  find  it  possible  to  come.  If  there  be  no 
objection,  the  Chair  will  now  appoint  as  such  committee  the  vice-pres- 
ident of  the  association,  Mr.  Winton,  and  Mr.  Eilgore,  of  Mississippi. 

Upon  Mr.  Wiley's  suggestion,  the  committee  was  directed  to  invite 
the  Secretary  (the  Assistant  Secretary  being  out  of  town)  to  be  present 
on  Wednesday  morning  at  11  o'clock,  at  which  hour  probably  a  larger 
number  of  members  would  be  present. 

Mr.  Street,  of  the  New  Jersey  station,  then  read  the  report  on 
nitrogen,  as  follows : 

SEPOBT  Oir  HITBOaEN. 
By  John  Phillips  Street,  Referee, 

The  work  for  the  year  will  be  con8idere<l  under  three  heads. 
I.  The  determination  of  nitric  nitrogen. 
II.  The  determination  of  total  nitrogen. 

III.  The  determination  of  the  availability  of  organio  nitrogen. 

Early  in  Jannary  a  letter  requesting  cooperation  was  addressed  to  fifky-five  chem- 
ists, representing  all  of  the  American  experiment  stations  and  several  commercial 
firms.  Twenty-five  favorable  replies  were  received  to  this  letter,  fifteen  chemists 
agreeing  to  do  the  regular  work  and  ten  the  work  on  organic  nitrogen.  Of  this 
number,  eight  have  reported  results  on  nitric  and  total  nitrogen  and  seven  on  organic 
nitrogen.  On  February  8  a  letter  of  instruction  was  sent  to  those  who  had  signified 
a  wish  to  take  part  in  the  work. 

Preparation  of  Samples. 

Thiee  samples  of  fertilizers  were  prepared  for  d^tribution.  The  materials  used 
in  eompounding  these  mixtures  were  nitrate  of  soda,  cottou«seed  meal,  acid  phos- 
phate, potassium  chlorid,  and  Lobos  guano.  The  sample  of  nitrate  of  soda  was 
prepared  by  recrystallizing  a  quantity  of  commercial  nitrate  twice,  with  a  final 
evaporation  to  dryness.  No  attempt  was  made  to  secure  an  absolutely  pure  product, 
and  traces  of  chlorids,  sulphates,  and  moisture  were  shown  to  be  present  by  subse- 
quent tests.  The  Lobos  guano  was  a  complete  fertilizer,  the  source  of  whose  nitrogen 
was  a  natural  guano.  It  was  thought  by  the  referee  that  the  use  of  such  a  material 
would  be  as  severe  a  test  of  the  methods  as  could  be  desired. 
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These  ingredients  were  dried  for  five  hours  at  firoin  60°  to  70°  C,  and  then  were 
allowed  to  stand  exposed  to  the  air  for  fifteen  honrs,  in  order  that  they  might  become 
in  equilibrium  with  the  atmosphere.  They  were  then  ground  to  pass  through  a  one 
twenty-fifth  inch  sieve,  except  the  nitrate  of  soda  and  potassium  hlorid,  which 
were  passed  through  a  one  fiftieth-inch  sieve.  The  samples  were  then  thoroughly 
mixed  and  portions  selected  for  analysis,  the  results  of  which  follow : 

Composition  of  samples. 


Substance. 


Nitrate  of  soda.. 
Cotton-seed  meal. 
Lobosguaoo 


Nitric 
nitrogen. 


Percent. 
16.25 


Ammonia.  '  <>f««»»c 
I  nitrogen. 


Per  cent. 
16.25 


Per  cent. 


Total 
nitrogen. 


1.99 


Per  cent. 

I        1*6.25 

6.93  I         6.93 
.94  3.26 


No  traces  of  nitrogen  were  found  in  the  acid  phosphate  or  potassium  chlorid. 

The  ingredients  of  the  different  mixtures  were  then  spread  out  on  a  heavy  paper 
and  thoroughly  mixed  by  turning  with  a  spatula.  They  were  then  bottled  and 
securely  sealed. 

The  mixtures  were  made  up  as  follows : 

Sample  1 : 

1,000  grams  nitrate  of  soda,  containiug  162.50  grams  nitrogen, 
Or  16.25  per  cent  nitric  nitrogen. 
Sample  2 : 

100  grams  nitrate  of  soda,  containing  16.25  grams  nitrogen ; 
300  grams  cotton-seed  meal,  containing  20.80  grams  nitrogen ; 
500  grams  acid  phosphate; 
100  grams  potassium  chlorid, 

Or  3.71  per  cent  total  nitrogen,  containiug  1.63  per  cent  nitric  nitrogen. 
Sample  3 : 

100  grams  nitrate  of  soda,  containing  16.25  grams  nitrogen ; 
900  grams  Lobos  guano,  containing  29.34  grams  nitrogen. 

Or  4.56  per  cent  total  nitrogen,  containing  1.66  per  cent  nitric  nitrogen  and 
1.79  per  cent  as  ammonia. 

I.— The  Determination  of  Nitric  Nitrogen. 

The  work  on  nitric  nitrogen  consisted  in  a  test  of  the  Ulsch-Street  method  in  com- 
parison with  the  Scultze-Tiomann  method.  It  was  the  expressed  sentiment  of  the 
last  convention  that  the  Ulsch-Street  method  should  be  given  a  fair  and  general  trial 
this  year.  In  light  of  this  fact,  it  was  hoped  that  a  large  nnmber  of  analysts  would 
test  it  in  their  work.  The  chemists  who  objected  so  strongly  to  the  adoption  of  this 
method  last  year  have  shown  their  deep  interest  in  its  success  this  year  by  refiraining, 
with  hardly  an  exception,  from  using  it  in  a  single  test. 

The  modified  Ulsch  method  recommended  was  the  same  as  that  given  in  Bulletin 
49,  United  States  Department  of  Agricultnre  (p.  13),  except  that  from  7  to  10  grams  of 
heavy  oxid  of  magnesia  free  from  carbonates  were  suggested  instead  of  the  smaller 
quantity  previously  used.  The  Schulze-Tiemaun  method  used  was  that  given  by 
Fresenius  in  his  Quantitative  Analysis  (Amer.  £d.,  1886,  pp.  473-475). 
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Comparison  of  methoda. 


Analysta. 


T.  C.  TrMcot,  TT.  S.  D«pt.  of  Agr. . . . 

H.K.  Miller,  testation 

C.  H.  Jonea,  Vt  Station 

F.  B.  Bomberger,  Hd.  Station 

R.  J.  Davidson,  Va.  Station 

C.S.Catbcart,  Liater's  Agricultural 

Chemical  Works 

A.  M.  Peter,  Ky.  Station 

H.  £.  Cartis,  Ky.  Station 

J.  P.  Street,  N.J.  Station 

A.  W.  Ogden,  Conn.  Station 


Nitrate  of  soda. 


No.  1. 


No.  2. 


No.  3. 


QQ 


^     I 


a 

a 
a 


5 
< 


Peret. 
16.23 
16.30 
*15.99  '. 
16.14  |. 
16.13  |. 

I 
16.12    . 

«15.70  '. 

n5.66  L 

16.24 

16.20 


\  Peret. 
\  16.22 


Peret.]  Peret. 

1  I 


16.28 


Arerage 16.19 

Theory 16.25 


16.32 


16.10 


16. 25     16.  U 


16.27  ,  16.25  I  16.12 


Peret. 
16.26 


16.26 


I 


Peret. 
1.64 
1.68 


Per  et. 
1.60 


1.61 

1.63 

1.64 

1.70 

1.70 

1.71 

1.70 

1.71 

1.62 

1.70 

1.52 

1.68 

1.60 

1.63 

Per  et.\  Peret. 


1.77 
1.74 
L76 
1.68 
1.72 

1.61 
1.68 
"1.51 
1.73 
1.77 


1.72 
1.66 


1.72 


1.69 


1.66 
1.62 


1.67 


1 1.86  per  cent  ammonia  deducted.  "Omitted  from  the  averages. 

COMMENTS  OF  ANALYSTS. 

T,  C.  TrwooU — ^The  results  obtained  on  sample  1  by  the  Ulsch-Street  method  were 
very  onsatisfactory.  The  result  reported  is  the  average  of  the  three  highest  (16.21, 
16.22,  and  16.28)  of  many  determinations. 

H.  K.  Miller. — In  working  on  sample  1  by  the  Ulsch-Street  method  I  found  it 
necessary  to  use  dropping  bulbs  to  prevent  loss.  I  was  unable  to  get  satisfactory 
results  with  the  Schulze-Tiemann  method,  as  I  was  unable  to  get  apparatus  perfectly 
tight ;  and  in  working  with  samples  2  and  3  by  this  method  frothing  was  so  bad  that 
I  had  to  give  up  making  determinations  on  these  two  samples.  I  used  caustic  soda, 
also,  in  determining  nitric  nitrogen  by  the  Ulsch-8treet  method  in  Nos.  2  and  3  and 
obtained  higher  resolts,  though  I  send  you  only  the  results  obtained  £rom  using 
magnesium  oxid. 

A.  M.  Peter, — Instead  of  using  the  small  amount  of  water,  as  per  your  instructions, 
and  distilling  nearly  to  dryness,  I  used  300  cc  of  water,  and  in  the  case  of  Nos.  2 
and  3  mixed  the  magnesium  oxid  with  part  of  this  water  to  a  cream,  for  the  sake  of 
more  thorough  action,  and  distilled  off  about  220  or  230  cc.  By  subsequently  carry- 
ing the  distillation  nearly  to  dryness,  it  was  found  that  in  each  case  practically  all 
the  ammonia  had  been  obtained  in  the  first  distillate.  The  largest  amount  obtained 
in  the  second  distillation  was  only  0.07  per  cent  in  No.  2,  the  others  being  mere  traces 
or  none  at  all.  My  idea  is  that  if  from  300  to  350  cc  of  water  be  used  and  the  pre- 
caution taken  to  mix  the  magnesium  oxid  with  part  of  the  waters  so  that  it  will 
not  form  lumps  and  interfere  with  the  action,  there  will  be  no  difficulty  in  obtain- 
ing all  the  ammonia  by  distilling  off  not  less  than  two-thirds  of  the  total  volume  of 
the  liquid. 

A.  W,  Ogden, — We  found  the  Ulsch-Street  method  as  applied  to  nitrate  salts  very 
satisfactory  indeed.  We  will  probably  use  it  next  year  in  the  analysis  of  our  nitrate 
of  soda  samples,  'llie  Ulsch-Street  method  gave  very  good  results  on  mixed  fertll- 
15663— No.  61 2 
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izers,  altfaongh  it  is  not  certain  that  it  will  prove  in  onr  hands,  all  things  consid- 
ered, superior  to  onr  old  standby,  the  Sohulze-Tiemann. 

Ten  chemists  reported  results  by  the  modified  Ulsch  method.  The  results  this 
year  on  the  nitrate  of  soda  sample  are  a  decided  improvement  on  those  of  past  years. 
Seven  of  the  ten  analysts  secure  results  withiaO.13  per  cent,  while  four  axe  within 
0.05  per  cent  of  theory.  One  of  the  others  is  0.26  per  cent  low,  while  the  other  two, 
representing  the  work  of  two  chemists  at  the  same  station,  are  from  0.56  to  0.59  per 
cent  low.  Eliminating  these  two  results,  which  were  obtained  by  a  method  not 
strictly  in  accord  with  that  sent  out,  the  difference  between  the  lowest  result  of  the 
others  and  theory  represents  a  variation  of  but  0.016  per  cent  of  the  total  nitrogen 
in  the  sample.  Had  these  results  been  secured  on  a  4  per  cent  sample  this  variation 
would  represent  a  difference  of  but  0.06  per  cent. 

The  results  secured  on  samples  2  and  3  are  also  excellent,  the  extreme  range 
between  highest  and  lowest  being  0.10  per  cent  in  No.  2,  and  omitting  one  result, 
0.16  per  cent  in  No.  3.  The  greatest  variation  from  theory  in  No.  2  is  0.08  per  cent 
and  in  No.  3,  with  one  exception,  0.10  per  cent.  Attention  is  called  to  the  fact  that 
the  low  result  on  No.  3  is  reported  by  the  same  chemist  who  reported  a  low  result  on 
No.  1.  This  would  seem  to  indicate  that  the  method  was  not  altogether  respoDsible 
for  the  discrepancies. 

The  comparison  of  results  by  the  Ulsch-Street  and  the  Schulze-Tiemann  methods, 
while  representing  the  work  of  but  four  chemists,  is  very  satisfactory,  the  average 
difference  being  0.08  per  cent  in  No.  1,  0.08  per  cent  in  No.  2,  and  0.05  per  cent  in 
No.  3.  It  would  seem  that  a  fairer  comparison  of  these  two  methods  would  be 
secured  by  using  the  results  of  only  those  chemists  who  tried  both  methods.  On 
this  basis  we  have — 


Uluch-Street. 

SchnlEe-Tiemann. 

No.l. 

No.  2. 

No.  8. 

No.  1. 

No.2.- 

No.  8. 

Percent. 
16.23 
16.30 
16.24 

Percent. 
1.64 
1.68 
1.71 

Percent. 
1.77 
1.68 
L77 

Percent. 
16.22 
16.28 
16.32 

Per  cent. 
1.60 
1.64 
1.52 

PereefU. 
1.72 
1.69 
1.62 

U6.26|        U.67 

U.74 

U6.27 

U.60 

»1.67 

>  Average. 

These  results  are  excellent,  and  show  that  the  Ulsch-Street  method,  instead  of 
giving  low  results  as  has  been  claimed,  has,  on  the  other  hand,  a  tendency  to  give 
slightly  higher  resultH,  the  differences  being  0.07  per  cent  in  favor  of  the  Ulsoh 
method  in  both  samples  2  and  3.  This  is  quite  in  accord  with  the  well-known  fact 
that  the  Schulze-Tiemann  gives  low  results  unless  the  utmost  care  is  exercised  in  its 
manipulation. 

In  a  comparison  of  these  methods  on  samples  of  commercial  nitrate  of  soda,  the 
referee  secured  the  following  results:  In  a  total  of  thirteen  samples  the  Ulsch 
method  gave  higher  results  in  nine  samples  and  lower  in  four.  The  greatest  varia- 
tion was  O.ll  per  cent;  the  averages  were  15.87  per  cent,  being  identical  by  the  two 
methods. 

The  results  secured  by  the  UlHch-Street  method  this  year  confirm  the  referee's 
belief  in  its  accuracy,  its  efficiency,  and  its  adaptability  to  the  work  of  this  associa- 
tion. That  the  method  requires  care  in  its  manipulation  is  not  peculiar  to  this 
method  alone,  and  should  be  no  objection  to  its  use.  Aside  from  its  accaracy,  its 
rapidity  is  one  of  its  strongest  recommendations.  This  advantage  may  not  appeal 
stnmgly  to  many  of  the  chemists  who  have  little  work  to  do  along  this  line,  but  to 
those  stations  where  several  hundred  nitrate  determinations  are  required  each  year, 
as  in  the  New  Jersey  Station,  a  rapid  method  is  essential.  As  has  been  pointed  out 
beforci  nearly  one-half  the  time  can  be  saved  by  using  this  method. 
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U.— ThB  DaTBBMINATlON  OF  TOTAL  NITROGEN. 

At  the  last  meeting  of  this  aasociatioii  the  referee  was  reqaested  to  aacertain 
whether  the  method  called  the  Fasshander  method  was  not  erroneously  named.  In 
obedience  to  this  request,  the  referee  wrote  to  Dr.  Faesbiinder,  who  first  called  it  to 
the  attention  of  this  association,  and  received  the  following  reply : 

Kempbm  am  Rhsin,  Ajpril  £1, 1897, 
Mr.  JoHif  P.  Street,  Kew  Brumwickf  K.  J. 

Dear  Sir:  The  method  which  1  employed  In  1894  in  the  determination  of  nitrogen 
in  the  presence  of  nitrates  was  not  first  suffgested  by  me,  but  by  Dr.  V.  Schencke  in 
No.  54  of  the  Chemilcer  Zeitunff  for  1893.  It  is  known  here  as  the  Ulsch-EJeldahl 
method,  and  is  rapidly  coming  Into  general  use. 

Bespeotftelly,  yours,  Dr.  FasbbXndbr. 

The  work  on  total  nitrogen  this  year  consisted  of  an  examination  of  the  Ulsch- 
Kjeldahl  and  Ulsch-Gunning  methods  in  comparison  with  those  already  in  use.  The 
IHsch-KJeldahl  and  Ulsch-Gunning  methods  are  simply  a  combination  of  the  Ulsch 
method  with  the  EJeldahl  and  Gunning  methods,  respectively.  The  former  is  the 
method  suggested  by  Dr.  Schencke ;  the  latter  was  suggested  to  the  referee  by  Mr. 
A.  L.  Winton,  of  the  Connecticut  Station,  in  private  correspondence.  The  methods 
as  outlined  by  the  referee  in  his  letter  of  instructions  are  as  follows: 

ULSCa-KJBLDAHL  METHOD. 

Weigh  1  gram  of  material  into  a  Kjeldahl  flask,  cover  with  20  oo  of  water,  shake 
and  allow  to  stand  for  ten  minutes.  Then  add  two  grams  of  powdered  iron  (reduced 
iroR  answers  very  well)  and  10  co  of  sitlphuric  acid  (sp.  gr.  1.35).  Warm  gently  on 
furnace  until  evolution  of  hydrogen  ceases.  Add  0.7  gram  of  mercurie  ozid  and  30 
ec  of  strong  sulphuric  acid^  and  then  proceed  as  in  the  regular  Kjeldahl  method. 

ULSCH-GUNNING  METHOD. 

Make  the  preliminary  conversion  as  above  with  reduced  iron  and  dilute  sulphuric 
acid.  Proceed  as  in  the  regular  Gunning  method  as  given  in  Bulletin  46^  United 
States  Department  of  Agriculture,  page  17.  In  samples  rich  in  carbon,  as  sample  No. 
2«  it  is  necessary  to  boil  for  some  time  after  the  liquid  becomes  colorless. 

Omaparimm  9f  meik^dB. 


Analyvto. 


T.  C.  TrtMOl,  U.  S.  Dept  of  Agr. . . 

H.K.Mll]«r,K.  a  Station 

C.H.Joiie«.yt.  Station 

r.  B.  Bomberger,  Md.  Station 

B.  J.  Davidaon,ya.  Station 

A.  W.Ogden,  Conn.  Station 

C.S.CaUicart»Li0ter'8A«ri6nltnral 

Chenieai  Works 

H.K.Cartia,Ky.  Station 

A.  L.  Em«ry,  UUandt  f^BrtUiC6r 

Works  

J.P.Street,K.J.8Ution 

Avoniga 

Theory 


No.  2. 


8.72 
3.71 


I 


Perct. 


3.78 
8.65 
8.68 
8.74 


3.76 
8.83 


8.82 
8.72 


I 

3 
o 


Peret. 
3.76 


8.76 
3.67 


8.74 
3.77 


3.79 


8.7S 


8.79 


Perct. 
8.76 
3.81 
8.68 
3.76 
8.75 
8.66 


3.78 


3.84 
3.68 


8.74 


No.  3. 


I 


Peret. 
4.51 
4.67 
4.50 
4.68 
4.61 
4.41 

4.58 
4.48 

4.66 
4.49 


4.65 
4.57 


P 


Peret. 


4.68 
4.52 
M.83 
4.46 
4.50 

4.52 
14.38 

4.68 
4.52 


4.55 


I 


Per  et. 
4.54 


4.58 


4.5S 
4.55 


4.60 


4.54 


PercL 
4.52 

»4.72 
4.52 

»4.78 
4.48 
4.42 


4.46 


4.66 
4.50 


4.51 


1  Not  included  in  average. 
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COMMXNT8  OF  AITALTSTS. 

T.  C,  Tresoot— The  data  obtained  by  the  Ulsch-KJeldahl  method  were  so  unsatis- 
factory tbat  no  report  is  made  of  them. 

A,  L.  Emery, — I  am  unable  to  nuderstand  why  the  Gunning  method  on  sample  3 
should  run  low.  In  other  comparative  results  I  have  found  it  to  agree  very  closely. 
I  am  very'  much  pleased  with  the  Ulsoh-Gunning  method.  It  is  rapid  and  the 
reaction  seems  to  be  clean  and  complete  in  both  low  and  high  grade  material. 

A.  W.  Ogden, — ^The  Gunning  methods  gave  rather  higher  results  on  sample  2  than 
the  Jodlbauer.  These  high  results  I  believe  are  nearest  correct  and  give  us  a  point 
in  favor  of  the  sulphate  of  x>otash  methods.  In  our  regular  fertilizers  we  have  not 
found  such  a  difference,  and  we  conclude  the  sample  must  be  extraordinary. 

While  there  are  no  wide  variations,  the  results  by  the  KJeldahl  method,  which  is 
an  official  method  of  this  association,  are  not  entirely  satisfactory.  There  is  a 
variation  of  over  0.10  per  cent  in  three  results  on  No.  2  and  in  two  on  No.  3,  which 
is  greater  than  we  usually  expect  by  this  method.  The  Gunning  results  are  excel- 
lent, the  greatest  variation  in  No.  2  being  0.08  per  cent  and  on  No.  3,  0.06  per  cent. 

The  results  secured  by  both  of  the  new  methods  are  quite  satisfactory.  With  the 
Ulsch-Kjeldahl  method  the  greatest  variation  from  theory  on  No.  2  is  0.12  per  cent 
and  on  No.  3, 0.28  per  cent.  Six  of  the  eight  results  on  No.  2  vary  less  than  0.08  per 
cent  and  six  of  the  nine  results  on  No.  3  vary  less  than  0.10  per  cent.  With  the 
Ulsch-Gunning  method  the  greatest  variation  from  theory  on  No.  2  is  0.13  per  cent 
and  on  No.  3, 0.22  per  cent.  Two  results  vary  by  more  than  0.10  per  cent  on  No.  2 
and  three  on  No.  3.  By  eliminating  the  few  wide  results,  we  secure  averages  by  the 
two  methods  almost  identical  on  both  samples.  The  results  obtained  by  both  of 
these  methods  are  quite  as  good  as  those  secured  by  the  modified  Ejeldahl  method 
in  both  samples. 

One  hundred  and  ninety-four  comparative  tests  have  been  made  between  the  Ulsch- 
KJeldahl  and  the  official  methods  by  Mr.  L.  H.  Merrill,  of  the  Maine  Station,  and  the 
referee  during  the  last  two  years.  The  averages  secured  by  the  two  methods  are 
identical  by  both  methods.  It  is  believed,  however,  that  this  method,  as  well  as 
the  Ulsch-Guuning  method,  may  be  further  perfected,  and  the  referee  does'not  feel 
justified  in  recommending  their  adoption  until  a  more  general  trial  has  been  made. 

III. — ^Thic  Determination  of  the  Availability  of  Organic  Nitrogen. 

Ten  chemists  signified  a  desire  to  receive  samples  for  the  study  of  the  availability 
of  organic  nitrogen ;  of  this  number,  seven  have  returned  results. 

It  was  the  plan  of  the  referee  to  make  a  further  study  of  the  pepsin-hydrochloric 
aoid  and  the  permanganate  of  potash  methods.  For  this  purpose  ten  samples  of 
organic  nitrogenous  materials  were  prepared.  These  samples  were  carefully  dried, 
gronnd,  bottled  and  sealed  as  described  in  the  earlier  part  of  this  report.  A 
description  of  the  samples  follows : 

No.  4.  Dried  blood. — A  high-grade  sample  in  good  mechanical  condition. 

No.  5.  Cotton-seed  meal. — A  fine  yellow  sample  of  the  decorticated  meal,  contain- 
ing 3.74  per  cent  phosphoric  acid  and  1.9^  per  cent  potash. 

No.  6.  Dried  ground  fish. — Containing  8.02  per  cent  phosphoric  acid. 

No.  7.  Tankage. — An  average  sample,  containing  14.78  per  cent  phosphoric  acid. 

No.  8.  Hoof  meal,  "E"  brand. — A  fine  dry  product. 

No.  9.  Raw  leather. — Pure  sole-leather  shavings  obtained  from  a  local  factory. 

No.  10.  Wool  waste. — An  unusually  good  sample  of  this  product,  containing  0.53 
per  cent  phosphoric  acid  and  2.42  per  cent  potash. 

No.  11.  Bone  sawings. — A  hard,  dry  bone  obtained  from  a  button  factory.  It  con- 
tained 25.42  per  cent  phosphoric  acid. 

No.  12.  Steamed  bone. — In  very  fine  mechanical  condition,  and  containing  26.92 
per  cent  phosphoric  acid. 

No.  13.  Baw  bone  meal. — An  average  sample,  containing  22.70  per  cent  phosphoric 
acid. 

The  value  of  work  of  this  kind  is  greatly  enhanced  by  the  use  of  vegetation  cul- 
tures.   With  this  idea  in  mind,  the  referee  starte<l  twenty-four  veeetation  experi- 
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meDts  with  oats  and  fifteen  witL  sweet  potatoes.  The  oat  crops  were  harvested  on 
Angnst  17,  but  the  pressnre  of  work  has  been  so  great  that  it  has  been  impossible 
to  make  the  analyses  of  the  different  crops.  The  sweet  potato  crops  are  still 
nnharvested.  In  these  vegetation  tests  portious  of  the  samples  of  organic  nitrogen 
sent  ont  for  analysis  were  used.  It  is  unfortunate  that  this  work  coald  not  be  com- 
pleted prior  to  this  convention,  and  the  referee  is  forced  to  defer  any  further  report 
on  it  until  our  next  meeting. 

The  ten  samples  selected  were  thought  to  fairly  represent  the  most  common  sources 
of  organic  nitrogen.  The  blood,  cotton-seed  meal,  fish,  tankage,  and  hoof  repre- 
sented materials  known  to  possess  a  high  degree  of  availability,  while  the  wool 
waste  and  raw  leather  were  considered  to  have  their  nitrogen  in  a  comparatively 
insoluble  form.  The  three  samples  of  bone  were  selected  to  furnish  a  comparison 
as  to  the  availability  of  the  nitrogen  in  the  three  main  classes  of  ground  bone.  The 
first  was  a  button  bone  which  had  been  thoroughly  dried  and  which  contained  little 
fatty  matter.  The  second  was  a  steamed*  bone  of  very  fine  mechanical  condition, 
from  which  nearly  all  of  the  fatty  matter  had  been  extracted  by  the  process  of 
steaming,  which  also  destroyed  the  cellular  structure  of  the  bone,  and  is  supposed 
to  render  its  ingredients  more  available  to  the  plant.  The  sample  of  raw  bone 
consisted  of  untre^ited  bone;  quite  a  large  amount  of  fatty  matter  was  present. 

In  sending  ont  the  samples  the  referee  requested  that  four  series  of  determinations 
should  be  made : 

(1)  Total  nitrogen  by  the  Kjeldahl  method. 

(2)  The  digestibility  of  the  organic  nitrogen  in  pepsin  solution. 

(3)  The  digestibility  of  the  organic  nitrogen  in  acid  permanganate  solution. 

(4)  The  digestibility  of  the  organic  nitrogen  in  alkaline  permanganate  solution. 


(1)  Total  Nitrogen  by  thk  K.ikldahl  Method. 
Determination  of  organic  nitrogen  by  Kjeldahl  meihod. 


Analysts. 

I 

i 
1 

j 

i 

t 

1 
1 

1 
1 

1 

1 

f 

1 

Peret. 

1 

1 

Peret. 

Perct, 

Peret. 

Peret. 

Peret. 

Peret. 

Peret. 

Peret. 

Peret 

B.  J.  DaTidaon,  Va.  Station  . . 

J.P.Sti«et,17.J.Station 

T.  C.  Treacot,  U.  8.  Dept.  of 
Agr 

13.98 
14.07 

18.86 
14.19 
14.08 

7.23 
7.38 

7.80 
«7.60 
7.48 
7.28 

8.80 
8.82 

>8.67 
8.73 

6.82 
6.83 

»6.09 
6.42 
6.33 

14.11 
14.12 

U3.61 
13.05 
13.97 

»7.32 
7.68 

7.66 
7.65 
7.40 
7.67 

•7.21 

2.63 
2.48 

3.91 
3.02 

2.72 
2.80 

4.16 
4.16 

4  18 

H.B.  Slade.  Me.  Station 

4.08 

O.  W.  Knight,  Me.  Station  . . . 

4.08 

L.  M.  Bloomfleld,  Ohio  Station 

2.42 
2.66 

3.95 

2.80 
2.80 

4  17 

W.  H.  Heileman,  Waahing* 
ton  Station 



»13,68 

Average 

14.04 

7.33 

8.78 

6.35 

14.04 

7.36 

2.61 

3.03 

2.78 

•4.14 

iD'ot  inelnded  in  arerageB. 
COMMENTS  OF  ANALYSTS. 

T.  C.  TresooU — The.  nitrogen  was  determined  in  samples  4  and  8  by  the  regular 
methods  and  also  by  the  absolute  method  of  combustion  in  copper  ozid.  This 
method  was  also  used  with  all  the  samples.  The  nitrogen  as  determined  by  the 
moist  combustion  process  agreed  very  closely  with  that  obtained  by  the  combustion 
in  copper  oxid. 

L,M,  Bloomfleld, — I  made  a  number  of  redeterminations,  using  0.5  gram  of  material 
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and  boiling  abont  six  lioiiTa.  noagh  the  dnplieatee  do  not  agree  aa  olotely  as  I 
Qsnallj  am  able  to  get  them,  they  are  much  better  than  the  other  resalte  sent  yon. 
The  boiling  was  evidently  the  fanlt.  Not  having  had  experience  with  materiala  of 
that  kind,  I  had  overlooked  the  fact  that  seems  to  be  well  established  that  they 
need  prolonged  treatment  with  the  acid  in  order  to  get  all  of  the  nitrogen.  The 
following  are  my  new  determinations : 


Sample. 

Per  cent 

Per  cent. 

No.S 

7.42 
9.10 
7.28 

7.70 
9.2i 
7.66 

Ho.6 

No.9 

The  results  of  these  analyses  show  quite  clearly  the  necessity  of  earefal  manipn* 
lation  in^even  such  a  reliable  and  well-established  method  as  that  of  Kjeldahl.  As 
a  rule  the  chief  difficulty  seemed  to  be  the  analyst's  inability  to  secure  ail  the  nitro* 
gen  in  the  sample.  In  every  case  bnt  one,  where  there  was  a  wide  dlscrepaney,  the 
results  were  too  low.  The  low-grade  samples,  tbto  three  bones  and  the  wool  waate, 
oceasioned  little  trouble,  but  the  high-grade  materials  show  variations  not  to  be 
expected  from  the  hands  of  experienced  analysts.  In  blood  the  variatloi^  was 
0.33  per  cent;  in  cotton-seed  meal,  0.37  per  cent;  in  fish,  0.23  per  cent;  in  tankage, 
0.33  per  cent ;  in  hoof  meal,  0.54  per  cent,  and  in  leather,  0.41  per  cent.  It  is  the  belief 
of  the  referee  that  as  a  rule  the  low  results  were  caused  by  insufficient  digestion.  It 
is  well  known  that  in  analyzing  such  refractory  materials  as  cotton-seed  meal,  hoof 
meal,  and  leather,  it  is  necessary  to  digest  for  some  time  after  the  liquid  becomes 
colorless.    Failure  to  take  this  precaution  is  sure  to  cause  low  results. 

(2)  The  Digestion  of  Organic  Nitbogisn  in  Pepsin-hydbochloric  Acid 

Solution. 

The  method  used  was  substantially  the  same  as  that  given  in  the  Report  of  the 
Connecticut  Experiment  Station  for  1893,  page  219. 

Table  I. — Organic  nitrogen  indigeaiibU  in  pepsin  solution. 


AnalyBts. 


R.  J.  DaYidBon,y».  Station.  .| 

J.  P.  Street,  N.  J.  Station. . . .  | 
T.  C.  Tresoot,  U.  S.  Dept.  of 

Agr 

H.  B.  Slade,  Me.  Station 

O.  W.  Knight,  Me.  Station  . . . 
L.  M.  Bloomfleld,  Oliio  Station 

W.  H.  Heileman,  Washing- 
ton Station  


Average. 


■8 


Per  el. 
0.42 
0.52 
0.40 
0.54 

0.44 

10.14 

0.48 


0.48 


I 

5 


Perct. 
0.84 
0.84 
0.71 
0.88 

0.06 
0.S1 
0.06 
0.08 

>i.8a 


0.81 


i 
■s 
g 


Peret 
1.06 
1.96 
1.60 
1.76 


2.10 
2.17 

1.64 
1.66 


1.87 


Peret. 
1.60 
1.68 
1.60 

U.86 

1.40 

>2.48 

L64 


I 


Peret. 
6.68 
6.78 
7.15 
7.22 

6.67 

>8.85 

6.00 


15.00 
16.27 


1.62  :    6.89 


1 
I 


Peret 
4.51 
4.55 
5.10 
5.21 

»8.75 
16.65 


■8.85 
4.60 

4.62 
4.82 


4.80 


Peret. 
1.78 
L70 
1.61 
1.71 


1.82 
L80 

L55 
1.64 


1.72 


I 


Peret. 
0.10 
0.17 
0.14 
0.20 


0.03 
0.08 


0.12 


I 


00 


Pertt. 
0.46 
0.68 
0.4S 

0.56 


10.70 
tl.05 

0.43 
a46 


0.49 


PereL 

ass 

a46 
0.36 
0.42 

0.39 

iLll 

0.39 

0.40 

11.82 


0.80 


>  Not  Inoiaded  in  ayerages. 
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Five  of  the  aeven  analysts  obtained  concordant  results  by  this  method.  Two 
chemists  report  results  widely  divergent  from  the  others.  In  one  case  the  analyst 
seemed  to  have  difficnlty  Id  securing  closely  agreeing  duplicates,  one  set  of  results 
agreeing  closely  with  those  of  other  analysts,  and  the  other  being  mnch  too  high. 
The  other  chemist  failed  to  secure  agreement  with  a  chemist  working  in  the  same 
laboratory.  It  would  appear,  therefore,  that  these  variations  can  not  be  charged  to 
lack  of  uniformity  in  the  samples  or  reagents,  as  the  same  were  doubtless  nsed  in 
both  cases,  but  to  that  old  friend  of  the  referees  of  this  association,  the  ]>er8onal 
factor. 

To  show  the  full  significance  of  the  results  more  clearly,  the  referee  has  recalcu- 
lated them  on  the  basis  of  the  per  cent  of  availability. 

Table  II. — AvaildbiHty  of  organic  nitrogen  in  pepsin  solution. 


Analysts- 


B.  J.  DsvidsoD,  Ta.  Station . . . 

J.P.Street.K.J.8totion 

T.  C.  Treaoot,  U.  S.  Dept  of 

Agr 

H.B.SUde,He.SUtion 

O.  W.  Knight,  Me.  Station  . . . 
L.  M.  Bloomfleld,Ohio  Station 
W.  H.  Helleman,  Washington 

Station 


Peru. 
96.6 
96.4 

96.8 
199.1 
96.5 


Average 

On  basis  of  blood  =  68 . 
Yegetation  onltnres  . . . 


96.6 

68 

68 


1 
e 


1 


& 

a 

3 


5 


Ptret.  PereL.Pertt.'Peret. 


1 


88.5 
89.2 

91.0 
87.6 
91.0 


77.7 
80.4 


74.2 
73.4 


52.3 
48.9 


I 


s 

3 

1 


8) 

a 


'ji 


Perei.  Peret.  Peret. 

40.1  I    29.9  !     96.7 

31.2  33.9       95.7 


75.8 


81.2 


89.0 


74 


78.8 

56 

69 


76.5  52.5 
'61.0  »37.0 
74. 2      50. 9 


'  >56.7 


74.6 

53 

61 


52.3 


67 


150.4 
'26.3 


38.0 
87.6 


26.3 
36.7 


6.7  I 


26 


31.7 
22  . 
31 


8.7 


Peret.  Peret 
82.4  90.3 
81.3       90.6 


'68.7 


84.2 


90.6 
'73.2 
93.0 
88.2 


97  •   I    82. 6 


G8 


58 
60 


90.5 
64 


1  Not  included  in  averages. 


As  was  pointed  ont  last  year,  a  difference  of  a  few  hundredths  makes  quite  a  large 
difference  when  the  results  are  calculated  on  this  basis.  For  instance,  the  extreme 
variation  in  the  cotton-seed  meal  from  86.6  per  cent  to  91  per  cent  is  caused  by  a 
difference  of  but  0.32  per  cent,  while  the  variation  in  the  leather  of  8.9  per  cent  is 
doe  to  a  difference  of  but  0.57  per  eent.  When  considered  from  this  standpoint  the 
results  are  remarkably  uniform  and  show  that  this  method  will  give  concordant 
results  in  the  hands  of  different  analysts  in  different  laboratories.  The  value  of  the 
method  depends,  however,  on  how  far  it  is  an  interpreter  of  the  actual  results  secured 
by  the  growing  plant.  As  pointed  out  above,  the  referee  was  unable  to  finish  his 
vegetation  tests  in  time  to  secure  data  on  this  point.  However,  as  the  materials  used 
were  of  average  grade,  except  possibly  the  wool  waste,  which  was  an  unusually  good 
sample  of  that  product,  a  rough  comparison  may  be  made  with  vegetation  tests  on 
the  same  class  of  materials  by  other  workers.  Using  the  results  obtained  by  Dr. 
Jenkins,  we  find  a  fair  agreement  in  all  classes  of  goods  except  in  the  case  of  the 
hoof  meal,  whose  vegetation  test  availability  is  67  but  whose  pepsin  availability  is 
but  36.  This  fiiet  merely  emphasizes  what  has  been  noted  by  other  workers,  that  the 
pepsin  digeatibility  of  hoof  meal  is  no  measure  of  its  availability  to  the  plant. 

(3)  Thb  Digestion  of  Organic  Kitrogkn  in  Permanganate  of  Potash  Solittion. 

Method  in  €uAd  solution, — Weigh  1  gram  of  material  into  a  500  co  flask,  add  a  little 
paraffin  and  100  oc  of  permanganate  solution  (consisting  of  16  grams  of  potassium 
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permanganate  and  100  co  of  concentrated  c.  p.  snlphnric  acid  to  the  liter).  Con- 
nect with  distilling  apparatus  and  heat  at  a  low  temperature  jast  below  boiling  for 
one  hour.  Then  add  50  cc  of  saturated  sodium  hydrate  solution,  distill  for  thirty 
minutes,  and  titrate  as  usual. 

Method  in  alkaline  solution. — Weigh  1  gram  of  material  into  a  500  cc  flask,  add  a 
little  paraffin  and  100  cc  of  permanganate  solution  (consisting  of  16  grams  of  potas- 
sium permanganate  and  .300  cc  of  saturated  sodium  hydrate  solution  to  the  liter). 
Connect  as  before  and  heat  below  boiling  for  one  hour.  Then  increase  the  tempera- 
ture and  distill  for  thirty  minutes  as  above. 

Tablk  III. — Availability  of  nitrogen  in  alkali  permanganate. 


Analysts. 

2 

s 

Peret. 

P 
Peret. 

.1 

Peret. 

1 

1 

Peret. 

1 
1 

Peret. 

1 

1 

CO 

Peret. 

1 
1 

Peret. 

Peret. 

Peret. 

Peret 

R.  J.  Davidson,  Va.  Station. . . 

42.2 

38.1 

40.8 

55.3 

46.6 

24.6 

60.3 

7s0 

78.8 

76.1 

J.  P.  Street,  N.  J.  Station 

26.6 

23.0 

23.9 

20.4 

25.2 

0.3 

33.9 

54.4 

40.3 

44.0 

T.  C.  Trescot,  U.  S.  Dept  of 

AflT 

60.9 

64.3 

76.1 

67.9 

43.3 

82.6 

H.  B.  Slade,  Me.  Station 

0.  W.  Knight,  Me.  Station. . . . 

31.8 

81.8 

48.5 

30.6 

17.2 



78.0 

L.  M.  Bloomfield,  Ohio  Station 

30.6 

32.8 

10.4 

58.6 

68.0 

62.6 

W.  H.Heileman,  Washington 

Station 

20.8 

28.7 

12.6 

50.2 

68.2 

63.7 

Table  IV. — Availability  of  nitrogen  in  acid  permanganate. 


Analysts. 


S 


Per  et. 
B. J. Davidson, Va. Station... I    42.9 

J.  P.  Street,  N.J.  Station 38.7 

T.  C.  Trescot,  U.  S.  Dept.  of 

Agr 63.1 

H.  B.  Slade,  Me.  Station '    35.2 

0.  W.  Knight,  Me.  Station . ...     34.  7 

L.  M.  Bloomfield,  Ohio  Station 

W. H.Heileman, Washington ' 

Station 


a 

s 
I 


s 


Perot. 
42.  Z 
36.6 


65.8 
32.7  • 
31.1  I 
30.6  I 


•a 

a 


I 


- 

Peret. 

Perot. 

53.5 

64.4 

48.0 

62.4 

66.1 

58.0 

56.4 

31.0 

40.2 

5 

I 


1       s 


Peret.  Peret.  Peret.  Per  et.\  Per  et.Peret, 


46.4  I 
42.3  ; 


20.1 
21.2 


51.7  I  65.3 
49.0  I  22.5 
33.5       17.6 

18.5  I    61.4 


62.0  I 
61.8 


70.0 
74.3 


35.7 


I 

16.1       38.6       63.1 

I  I 


77.7 
73.4 


70.5 
61.9 


77.7 
71.3 

74.4 
69.3 
70.0 
54.1 


There  is  an  utter  lack  of  agreement  in  the  results  by  these  two  methods,  especially 
where  the  alkaline  permanganate  is  used.  The  referee  was  unable  to  test  this 
method  thoroughly  before  sending  out  the  instructions,  and  in  this  way  certain  pos- 
sible sources  of  error  escaped  his  attention  which  would  liave  been  otherwise  noticed. 
In  the  work  with  this  method  last  yeur,  Mr.  K.  J.  Davidson  and  the  referee  were 


Digitized  by 


Google 


25 

the  only  chemists  who  reported  results,  and  their  work  was  npon  a  limited  number 
of  materials.  Their  results  agreed  qnite  closely  and  compared  well  with  the  vege- 
tation tests  in  the  same  samples.  The  acid  eolation  appeared  to  be  particularly 
promising. 

After  making  a  number  of  tests  this  year,  it  became  evident  to  the  referee  that 
the  method  as  suggested  was  a  difficult  one  to  control.  The  directions  provided 
that  during  the  digestion  the  solutions  should  be  heated  just  below  boiling.  This 
wsLB  found  to  be  almost  an  impossibility,  and  it  was  very  difficult  to  maintain 
uniform  conditions  in  two  different  sets  of  tests.  It  is  more  than  likely,  therefore, 
that  this  inability  to  control  the  temperature  and  keep  it  uniform  is  in  a  large 
measure  responsible  for  the  poor  agreement  of  the  results.  A  stndy  of  the  table 
shows,  however,  that  notwithstanding  this  failure  to  agree  with  each  other,  the 
results  of  the  different  analyses,  if  taken  separately,  show  a  very  decided  uniformity 
in  the  relative  availability  of  the  different  organic  forms.  The  three  forms  of  bone 
were  found  to  be  the  most  available,  while  the  others  followed  in  this  order :  tankage, 
wool  waste,  fish,  hoof  meal,  blood,  cotton-seed  meal,  and  leather.  These  results 
were  far  from  satisfactory,  as  it  was  known  that  with  the  exception  of  the  leather 
the  order  of  their  availability  should  be  almost  reversed. 

AVAILABIUTY  OF  NrTROGEN  TAKEN  IK  EQUAL  AMOUNTS. 

It  then  occurred  to  the  referee  that  the  difficulty  might  be  obviated  were  the 
same  amount  of  organic  nitrogen  used  in  each  determination  instead  of  the  same 
amount  of  material.  Accordingly  a  new  series  of  determinatious  was  made,  where 
an  amount  of  organic  nitrogen  equivalent  to  that  contained  in  one  gram  of  cotton- 
seed meal  was  taken  in  each  case.     The  results  of  these  analyses  follow : 

Table  Y. — Jvailability  of  nitrogen  in  equal  amounts . 


Substances. 


Dried  blood 

Cotton-seed  meal 

Dried  fish 

Tankage 

Hoof  meal 

Raw  leather 

Wool  waste 

Bone  sa  wings. . . 
Steamed  bone... 
Raw  hone 


Amount 
taken. 

Availa- 
biUty. 

Oram*. 

Prreent. 

26,8 

23,9 

23.9 

29.4 

.        25.2 

9.3 

33.9 

54.4 

49.3 

"•• 

Grams. 
0.5 
1.0 
.8 
1.2 
.5 
1.0 
3.0 
L9 
2.6 
1.8 


Per  cent 
26.9 
21.0 
23.7 
28.7 
32.9 
9.2 
25.1 
81.1 
26.8 
30.5 


The  relation  shown  by  these  results  was  much  more  in  accord  with  the  vegetation 
tests,  and  the  results  appeared  to  determine  quite  closely  the  relative  availability  of 
the  different  forms. 

The  failure  of  the  method  in  the  hands  of  different  analysts  led  the  referee  to 
attempt  to  devise  some  method  whereby  the  conditions  could  be  controlled  more 
accurately.  It  was  suggested  by  the  Maine  Station  that  a  3  per  cent  neutral  solution 
of  permanganate  be  used  and  that  the  digestion  take  place  on  a  steam  bath.  Acting 
on  this  suggestion,  the  referee  adopted  the  following  line  of  treatment,  and  secured 
very  promising  results. 

Method. — Weigh  1  gram  of  material  into  a  500  cc  Erlenmeyer  flask;  add  100  cc  of 
neutral  3  per  cent  permanganate  of  potash  solution,  and  digest  on  a  steam  bath  for 
thirty  minutes,  shaking  occasionally  to  moisten  any  particles  of  the  material  adhering 
to  the  sides  of  the  flask.    Add  200  co  of  cold  water,  and  filter  and  wash  tbree  or  four 
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timet,  using;  from  125  to  150  oo  of  water.  Determine  the  lotal  nitrogen  in  the 
undigested  residue  by  the  ordinary  KJeldahl  method. 

In  the  first  testa  by  this  method  an  attempt  was  made  to  filter  the  solutions  while 
still  hot,  but  it  was  found  that  aside  from  the  difficulty  of  handling  a  hot  solution 
the  great  concentration  of  the  liquid  made  the  filtration  very  tedious.  It  was  dem- 
onstrated by  comparative  results,  as  will  be  noted  later^  that  dilution  of  the  solu- 
tion gave  even  better  results,  and  this  practice  was  employed  in  all  subsequent  tests 
by  this  method. 

In  the  following  table  are  also  incorporated  some  tests  made  by  Mr.  H.  B.  Slade, 
of  the  Maine  Station.  In  his  report  Mr.  Slade  did  not  specify  the  method  of  filtra- 
tion used,  and  it  is  assumed  that  it  was  carried  on  while  the  solutions  were  still  hot. 
The  calculations  are  made  on  the  basis  of  per  cent  of  availability. 

Tablr  VI. — AvailaJHUty  of  nitrogen  in  eqndl  amounts. 


Sabstaooes. 


Dried  blood 

Cotton-seed  meal 

Dried  fish 

Tankage 

Hoof  meal 

Raw  leather 

Wool  waste 

Bone  sawmgs  — 
Steamed  bone — 
Raw  bone 


Street. 


A  study  of  the  table  shows  a  very  marked  difference  between  the  availability  of 
the  leather  and  the  other  materials,  the  availability  ranging  from  94.8  per  cent  in  the 
case  of  the  blood  to  45.3  per  cent  in  the  case  of  the  leather.  The  wool  waste  shows 
an  availability  of  90  8  per  cent,  higher  than  one  would  expect,  but,  as  was  pointed 
out  earlier  in  the  report,  this  sample  was  an  unusually  good  product  and  probably 
does  not  fairly  represent  the  average  wool  waste  on  the  market.  It  is  impossible  to 
draw  any  positive  conclusions  from  these  results  without  vegetation  teste  as  a  basis  of 
comparison,  but  it  is  believed  that  further  study  of  this  method,  possibly  with  varia- 
tions in  the  strength  of  the  permanganate  solution,  may  point  out  a  chemical  method 
which  will  secure  results  in  close  accord  with  vegetation  cultures. 

Rkcommemdatioms. 

(1)  That  the  Ulsch-Street  method  for  nitric  nitrogen  be  made  an  official  method. 

(2)  That  the  study  of  the  Ulsch-Kjeldahl  and  Ulsoh-Guuning  methods  for  total 
nitrogen  in  the  presence  of  nitrates  be  continued  next  year. 

(3)  That  the  permanganate  of  potash  method  for  determining  the  availability  of 
organic  nitrogen  be  further  studied  next  year,  with  especial  reference  to  materials 
of  known  inferiority. 

COMMITTBB    ON   RSCOMMBI?DATIONS— DISCT7S8ZON    ON   NITRO- 

OBN. 

Upon  the  conclasion  of  Mr.  Street's  paper  the  chair  appointed  the 
following  committee  upon  recommendations :  Messrs.  Bartlett, Wheeler, 
Scovell,  Van  Slyke,  and  Hite. 

Mr.  Win  TON.  I  woald  like  to  say  a  word  with  regard  to  this  Ulsch- 
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Oanning  or  FassbaDder-QnimiDg  method,  as  we  have  been  aecastomed 
to  call  it.  This  method  has  given  very  good  results  indeed  at  our 
station.  We  have  tried  it  during  the  past  year  on  every  uitrate-oon- 
taining  fertilizer  that  has  come  into  our  laboratory,  and  it  has  given 
very  good  satisfaction  on  all  samples,  with  a  few  exceptions.  You  will 
notice  that  the  samples  the  referee  sent  out  contained  in  no  case  more 
than  If  per  cent  of  nitric  nitrogen.  On  such  samples  of  fertilizers  the 
method  is  perfectly  satisfactory.  The  time  of  digestion,  in  our  experi- 
ence, has  been  a  little  more  than  half  that  required  in  the  modified 
Kjeldahl  method.  It  seems  to  meet  every  requirement  in  the  case  of 
such  samples,  but  when  the  percentage  gets  up  to  3,  4,  or  5,  or  higher, 
it  is  not  at  all  accurate.  We  lose  several  tenths  of  a  per  cent  of  nitro- 
gen. This  point  was.  brought  out  by  Mr.  Ogden,  of  our  station,  some 
years  ago  iii  connection  with  the  Dlsch  method.  He  found  that  2 
grams  of  iron  would  not  give  him  theoretical  results  on  pure  salts 
where  the  percentage  was  15  or  16;  that  is,  when  the  nitric  nitrogen 
present  was  as  much  as  .07  gram.  In  such  cases  it  required  more  iron. 
Of  course,  it  naturally  followed  in  this  Ulsch-Gunniug  method,  which 
is  merely  the  Ulsch  method  carried  a  little  further,  that  a  larger  quan- 
tity of  iron  was  necessary,  so  that  in  these  exceptional  samples,  with 
more  than  3  per  cent  of  nitric  nitrogen,  we  were  obliged  to  use  more 
iron.  We  did  it  reluctantly,  because  the  extra  amount  very  mate- 
rially interferes  with  the  distillation  and  causes  bumping  too  early  in 
the  process.  We  made  numerous  experiments  with  various  quanti- 
ties of  acid  to  see  if  it  were  not  possible  to  get  along  with  a  smaller 
amount,  but  we  were  not  successful.  Working  on  pure  nitrate  of  pot- 
ash in  half-gram  portions,  in  no  case  was  I  able  to  get  over  13.30  per 
cent,  whereas  the  theoretical  per  cent  was  13.80,  or  a  loss  of  one-half 
of  1  (0.5)  x)er  cent.  So  it  seems  necessary  in  such  cases  to  use  a  larger 
quantity  of  iron.  Now,  I  think  3  grams  of  iron  will  meet  every  possi- 
ble case  likely  to  be  encountered  in  the  analysis  of  mixed  fertilizers,  but 
our  experiments  show  that  when  the  percentage  of  nitrogen  is  as  high 
as  7,  even  that  quantity  is  insufQcient.  But  such  fertilizers  are  not 
likely  to  be  encountered.  I  think,  however,  it  will  be  well  if  in  the 
ensuing  year  the  point  can  be  taken  into  consideration  whether  or  not 
it  is  desirable  to  modify  the  method  in  such  a  way  as  to  give  results  for 
fertilizers  containing  high  percentages  of  nitrogen. 

I  want  to  say  a  word  as  to  the  availability  of  nitrogen  in  different 
solutions.  It  seems  to  me  that  the  pepsin  solution  tells  a  better  story 
than  any  of  these  other  solutions.  For  example,  you  are  probably 
familiar  with  the  work  that  has  been  done  at  the  Connecticut  Station 
on  a  variety  of  substances,  and  if  you  remember  those  results,  they 
showed  that  while  dried  blood  and  cotton-seed  meal  did  not  give  as 
high  as  96.89  per  cent  available  nitrogen,  nevertheless,  with  the  pepsin 
solution,  a  better  clew  to  the  available  organic  nitrogen  in  these  sub- 
stances was  obtained  than  by  any  other  reagent  that  had  been  used. 
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The  point  I  wish  to  make  is,  that  although  this  pepsin  solution  will  not 
coincide,  percentage  for  percentage  of  available  nitrogen,  at  all  closely 
with  actual  results  obtained  from  pot  experiments,  yet  it  gives  much 
better  results  than  other  solutions. 

With  anything  that  has  somewhere  about  80  or  90  per  cent  of  avail- 
able nitrogen  the  pepsin  solution  will  show  a  very  high  percentage 
when  tested  with  pot  experiments.  When  we  came  to  wool  waste  and 
raw  leather  we  found  the  pepsin  solution  in  a  pot  experiment  gave 
much  lower  results  than  that.  Now,  Dr.  Jenkins  has  proved  that  raw 
leather  contains  not  over  6  to  7  per  cent  available  nitrogen.  In 
experiments  conducted  at  our  station  for  two^years  on  raw  leather,  we 
found  just  the  same  thing,  whereas  the  availability  is  as  high  as  36 
per  cent.  So  we  established  the  rule  that  anything  under  50  per  cent, 
using  the  pepsin  solution,  would  be  considered  nonavailable,  but  any- 
thing running  above  60  per  cent,  with  the  pepsin  solution,  would  be 
available.  The  pepsin  solution,  considered  in  that  way,  gave  us  a  very 
good  idea  of  the  relative  availability  of  diflFerent  organic  matters. 

The  President.  I  did  not  notice  that  you  said  anything  with  refer- 
ence to  hoof  meal. 

Mr.  WiWTON.  There  was  one  case  where  it  did  not  work.  I  think 
hoof  meal  was  proved  by  pot  experiments  to  be  quite  valuable.  Taken 
in  a  general  way,  the  pepsin  solution  seemed  to  be  the  best  thing  we 
could  employ  for  the  purpose.  I  think  it  does  give  us  a  very  good  clew 
to  the  available  organic  nitrogen. 

Mr.  Street.  The  chief  reasons  for  seeking  another  method  for  deter- 
mining the  availability  of  nitrogen  were,  first,  that  in  the  case  of  this 
hoof  meal  we  got  entirely  too  low  availability  by  the  pepsin,  and  the 
leather  was  entirely  too  high,  and,  secondly  and  chiefly,  that  it  takes  a 
great  amount  of  time.    It  requires  twenty-four  hours  digestion. 

Mr.  Liin)SEY.  It  seems  to  me  that  the  acid  permanganate  and  alkali 
permanganate  did  not  tell  a  very  straight  story. 

Mr.  Street.  They  are  ng  good  at  all. 

Mr.  Ewell  offered  the  following  resolution : 

Be9olved,  That  henceforth  in  reporting  results  of  trials  of  methods  the  following 
data  are  to  be  included : 
Namber  of  detenniuatlons  by  each  analyst. 
Maximum  of  determinations  by  each  analyst. 
Minimnm  of  determinations  by  each  analyst. 
Average  of  determinations  by  each  analyst. 

The  attention  of  the  referee  to  be  called  to  the  fact  that  the  general  averages 
shoald  be  calculated  from  the  sum  of  all  the  determinations  and  not  from  the  sums 
of  averages  for  individual  analysts. 

Referred  to  the  committee  on  recommendations. 
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RSPORT  OF  COMMITTEB  ON  RECOMMEI?DATION8. 

The  report  of  the  oommittee  on  recommendations  was  then  called 
for  and  read  by  Mr.  Bartlett. 

The  oommittee  reoommends  that — 

1.  The  UlBch-Street  method  for  determination  of  nitric  nitrogen,  as  recommended 
by  referee,  be  made  an  official  method. 

2.  That  the  Ulsch-Kjeldahl  or  Ulsch-Ganning  method  be  further  investigated. 

3.  That  the  referee  and  members  of  the  association  devote  what  time  there  may 
be  available  to  devising  and  perfecting  a  rapid  method  of  determining  available 
nitrogen  in  mixed  fertilizers,  and  that  the  referee  call  the  attention  of  members  to 
the  subject  in  sending  ont  his  directions  for  work. 

Mr.  Van  Slyke  moved  that  the  first  recommendation  be  adopted; 
yizy  that  the  Ulsch-Street  method  for  nitrogen  be  made  an  official 
method.    Adopted. 

Mr.  Haston  moved  that  the  second  recommendation  be  adopted; 
viz,  that  the  Ulsch-Kjeldahl  or  Ulsch-Guuniug  method  be  made  the 
sabject  of  farther  study.    Adopted. 

Mr.  Van  Slyke  moved  the  adoption  of  the  third  recommendation; 
viz,  that  the  study  of  a  rapid  method  for  determining  available  nitro- 
gen be  earnestly  commended  to  both  referees  and  members  of  the 
association. 

Mr.  Wiley.  I  have  no  vote  on  this  question,  but  perhaps  I  may  say 
that  rapidity  is  not  the  only  thing  to  be  considered.  Would  it  not  be 
well  to  say  "  a  rapid  and  reasonably  reliable  method!" 

The  Chair  reminded  the  association  that  only  those  members  actually 
concerned  with  fertilizer  control  work  were  entitled  to  vote  upon  these 
matters  of  fertilizer  analysis. 

Mr.  Persons  asked  if  the  association  could  not  allow  those  chemists 
who  were  in  charge  of  fertilizer  work  at  stations,  though  not  actually 
official  State  chemists,  to  vote  upon  these  questions.  The  Chair  referred 
Mr.  Persons  to  the  history  of  this  restriction  on  voting,  stating  that  it 
had  been  made  upon  good  grounds,  and  that  if  he  would  look  up  the 
records  he  would  probably  not  be  disposed  to  criticise  this  clause. 

The  recommendation  was  thereupon  adopted. 

Mr.  Bartlett.  We  have  no  further  recommendation  with  regard  to 
this  matter  of  available  nitrogen. 

After  some  discussion,  it  was  agreed  that  the  hours  for  meeting 
should  be  from  9.30  a.  m.  to  12.30  p.  m.,  and  from  2  to  4.30  p.  m. 
The  report  on  potash  was  read  by  Mr.  Winton,  as  follows: 

EEPOET  ON  P0TA8E 

By  A.  L.  WiNTON,  Referee,  and  C.  H.  Jonks,  Aesooiate  Referee. 

Th©  work  of  the  present  year  has  been  carried  out  with  the  cooperation  of  the 
following  chemists :  Mr.  G.  E.  Patrick,  United  States  Department  o  f  Agriculture, 
Division  of  Chemistry,  Washington,  D.  C. ;  Mr.  A.  M.  Peter,  Kentucky  Experiment 
Station,  Lexington,  Ky.  j  Mr.  F.  B.  Bomberger,  Maryland  Agricultural  College,  Col- 
leg©  Park,  Md. ;  Mr.  A.  W.  Blair,  North  Carolina  Experiment  Station,  West  Raleigh, 
K.  0. ;  Mr.  B.  L.  Hartwell,  Rhode  Island  Experiment  Station,  Kingston,  R.  I. ;  Mr. 
F.  8.  Shiver,  South  Carolina  Experiment  Station,  Clemson,  S.  C. 
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The  snbjeoto  which  have  been  invettigated  are: 

(1)  The  Stassfurt  methods  for  determination  of  potaeh. 

(2)  The  "optional'',  method,  acidulating  with  hydrochlorio  aoid  before  precipitat- 
ing the  sulpharic  acid. 

(3)  The  determination  of  potash  by  the  Lindo-Gladding  method,  evaporating 
directly  with  platinnm  solution,  without  previous  removal  of  lime. 

(4)  Quantities  of  platinnm  solution  necessary  for  determinations  in  German  potash 
salts. 

PREPAltHlON  OF  MaTERIAUS. 

A  sufficient  quantity  of  the  materials  used  in  the  study  of  potash  methods  in  1896 
remained  for  the  determinations  of  the  present  year.  These  materials,  as  was  fully 
described  in  the  report  on  potash  last  year,  consisted  of  pure  potassium  chlorid, 
pure  potassium  sulphate,  and  mixtures  representing  the  impurities  in  each  of  the 
four  manure  salts  commonly  sold  in  the  United  States.  The  ''impurities''  were  dis- 
tributed in  vials  in  quantities  corresponding  to  10  grams  of  the  commercial  salts 
of  average  composition.  The  total  contents  of  each  vial  were  boiled  by  each  analyst 
with  water,  made  up  to  a  definite  volume  and  filtered.  By  mixing,  in  the  proper 
proportions,  aliquots  of  this  solution  with  weighed  portions  of  the  pure  potash 
salts,  solutions  for  analysis  were  obtained  which  represented  definite  quantities  of 
the  commercial  salts. 

Details  as  to  quantities  are  given  in  the  following  table : 

QtutntUiee  of  samples. 


ImpnzitieB. 


Mnriate  of  potash 

Sulphate  of  potash  90  per  oent . . . 
Sulphate  of  potaah  and  magnesia 
Kainit 


Solution 
of  "impu- 
rities^' 
made  up 
to— 


ee. 
500 
400 
400 
125 


Equivalent  to  0.6  gram 
oftheStassfnrtsalt. 


ce. 
25 

ao 

20 


Pun  pot- 
ash salt. 


Oram, 

0.48KC1 

.46K,SO« 

.26K,S04 

.  14  K«S04 


In  making  comparative  determinations  by  the  Lindo-Gladding  method,  as  applied 
to  kainit,  samples  of  the  commercial  salt,  as  well  as  artificial  mixtures,  have  been 
used. 

(1)  The  Stassfurt  Mbthods. 

Through  the  courtesy  of  Dr.  B.  von  Herff,  of  the  Now  York  office  of  the  potash 
syndicate,  copies  of  the  description  of  the  Stassfurt  methods,  printed  in  the  German 
language,  were  secured  for  distribution  among  the  chemists  participating  in  the 
investigation  of  the  methods. 

The  following  translation  was  speciaUy  prepared  by  Dr.  von  Herff  for  publication 
in  this  report.    The  footnotes  were  communicated  by  chemists  of  the  syndicate : 


DESCRIPTION    OF    MBTHOD8    OF    ANALYSIS   AORBBD    UPON    AND    ADOPTED    BY    THB 
STASSFURT  POTASH  INDUSTRY. 

A,— Method  for  the  Determinaiion  of  Potash  in  the  Concentrated  Salts, 

(1)  Muriate  of  potash, 

(a)  Determination  of  potasHum  ehlorid. 

Of  the  finely  ffiound  substance,  7.6405  grams  are  dissolved  and  the  solution  made 
up  to  500  cc.    If  the  sample  contain  more  than  5  per  cent  of  sulphuric  acid  (SOj)  it 
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will  be  neoeasary  to  transfbrm  the  solpfaates  to  the  correspondiikg  ohlorin  com* 
pounds  by  precipitating  with  acidulated  solntion  of  barium  chlorid.  Twenty  cubic 
oentioietere  of  the  filtrate  (=0.3056  gram  Bjbstance)  are  evaporated  with  a  5  cc 
platinnm  chlorid  solution  upon  the  water  bath  in  a  shallow  porcelain  dish  of  about 
10  cm  diameter.     The  eyaporation  is  facilitated  by  stirring,  and  is  carried  to  the 

Soint  where  the  thick  liquid  rapidly  crystallizes  upon  cooling.^ .  The  dry  residue  is 
nely  ground  with  a  fflass  pestle,  then  stirred  up  with  20  co  of  alcohol  and  poured 
upon  the  filter,  which  has  preyiously  been  weighed  (  while  warm)  after  dry  ing  at  120^ 
to  130^  C.  One  hour's  drying  will  usually  be  found  necessary.  The  filter  should  first 
be  moistened  with  alcohol,  and  care  should  be  taken  not  to  pour  any  of  the  liquid 
upon  the  rim  of  tfaf)  filter.  The  filtration  may  be  accelerated  by  the  weak  action  of  a 
•action  pump.'^  The  potassium  platinum  chlorid  can  be  readily  and  completely 
washed  upon  the  filter.  The  precipitate  is  freed  from  the  alcohol  as  much  as  pos- 
sible by  suction  and  by  pressing  between  filter  papers ;  it  is  then  dried  at  130°  to 
130^  until  its  weight  is  constant.  This  will  reauire  about  twenty  minutes.  One 
milligram  potassium  platinum  chlorid  corresponds  to  0.1  per  cent  potassium  chlorid. 

(h)  Determination  <if  chlorid  qf  sodium. 

Twelve  and  a  half  grams  chlorid  of  potassium  are  dissolved  in  a  250  cc  flask  by 
boiling  with  25  cc  water,  to  which  a  little  potassium  carbonate  has  been  added  in 
order  to  transform  the  compounds  of  magnesium  and  calcium  int>o  carbonates.  The 
flask  is  filled  up  to  the  mark  with  absolute  alcohol.  One  hundred  cubic  ceutimeters 
of  the  filtrate  (=  5  grams  of  the  substance)  are  evaporated  to  dryness  in  a  porcelain 
or  platinum  dish,  after  a  few  drops  of  the  concentrated  hydrochloric  acid  have  been 
adaed  to  transform  the  potassium  carbonate,  which  mi^ht  be  present,  into  potassium 
chlorid ;  tha  residue  is  neated  to  a  low  redness  and  weighed.  In  this  mixture  of  the 
ehlorids  of  potassium  and  sodium,  either  chlorid  of  potassium  is  determined  after 
the  common  method  with  platinum  chlorid  and  sodium  chlorid,  calculated  from  the 
diiFerence,  or  it  is  determined  by  titrating  the  mixed  alkalies  with  one-tenth  normal 
silver  solution. 

(e)  Determination  qf  cMorid  of  fnagnesium. 

Twenty-five  grams  of  chlorid  of  potassium  are  dissolved  in  a  500  cc  flask,  and  10 
CO  of  normal  potash  solution  are  added.  The  contents  of  the  flask  are  made  up  to 
the  mark,  and  50  cc  of  the  filtrate  are  titrated  with  one-tenth  normal  sulphuric  acid. 
The  soluble  compounds  of  calcium  present  do  not  influence  the  result. 

(g)  DeterminatUm  of  sulphate  of  poUuHum  and  sulphate  of  potassium  magnesium* 

<a)  DetemUnation  qf  potassium  sulphate. 

Dissolve  8.9235  gr»m8  of  the  finely  ground  substance  In  a  500  cc  flask  with  about  360 
ee  boiling  water,  to  which  20  co  of  concentrated  hydrochloric  acid  have  been  added. 
Tlie  sulphuric  acid  is  precipitated  by  slowly  adding  barium  chlorid  solntion  (from 
a  bnrette  with  glass  cock)  to  the  boiling  liquid.  The  precipitation  of  the  sulphuric 
acid  is  completed  if  the  clear  solution  do  not  become  turbid  by  the  addition  .of  a 
Buall  fragment  of  barium  chlorid.  This  is  a  very  accurate  test.  If  an  excess  of 
barium  chlorid  have  been  added,  it  must  be  precipitated  with  sulphuric  acid.  After 
completing  the  precipitation  and  cooling,  the  flask  is  filled  up  to  the  mark  and  20  cc 
of  the  filtrate  (=0.357  gram  of  the  substance)  are  treated  as  usual  with  5  cc  of  plat- 
inum chlorid  solution.  One  milligram  K-PtCle  corresponds  to  0.1  per  cent  K-^SOi. 
Three-tenths  of  1  per  cent  are  to  be  added  to  the  result  obtained  in  the  analyses  of 
sulphate  of  potash,  while  in  the  analyses  of  sulphate  of  potash-magnesia  no  correc- 
tion is  necessary .3 

{S)  Deierminati&n  of  potassium  chloHd  and  potassium  sulphate  in  calcined  manure  salts, 
(a)  Determination  o/  potaesium  chlorid  and  potassium  siUphate. 

Dissolve  15.281  grams  of  the  sample  (for  the  determination  of  muriate  of  potas- 
sium) or  17.847  grams  (for  the  determination  of  sulphate  of  potassium)  in  a  500  cc 

'  It  is  adyantageons  to  evaporate  the  solntion  to  complete  dryness  in  case  it  con- 
tains potassium  platinum  chlorid  and  sodium  platinum  chlorid  only,  because  the 
sodium  platinum  chlorid  is  thereby  rendered  free  of  all  water,  and  in  this  form  it 
is  more  soluble  in  absolute  alcohol,  or  in  alcohol  of  96  per  cent. 

*For  the  chemist  with  little  experience,  it  is  advisable  to  grind  the  precipitate 
once  or  twice  with  fresh  quantities  of  alcohol  after  the  first  washing  liquid  has  been 
poured  off. 

^In  order  to  obtain  accurate  results  it  is  absolutely  necessary  to  follow  the 
described  method  in  all  details.  Results  will  be  unreliable  and  more  troublesome 
corrections  will  be  needed  if  the  liquid  be  either  more  diluted  or  more  concentrated, 
or  if  the  sulphuric  acid  be  precipitated  from  a  solution  which  is  either  very  slightly 
add  or  even  neutral,  or  if  tne  boiling  during  precipitation  be  interrupted. 
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flask  with  water,  to  which  10  cc  of  concentrated  hydrochloric  acid  have  been  added. 
The  flask  is  filled  up  to  the  mark,  the  contents  filtered,  and  250  co  (=7.6405  and 
8.9235  erams,  respectively)  of  the  filtrate  are  treated  in  a  500  cc  flask  with  barium 
chlorid  solution  in  the  same  manner  as  in  the  determination  of  potassium  sulphate. 

B. — Method  for  Determination  of  Magnesium  Sulphate  in  Kieserit, 

Ten  grams  of  the  finely  ground  substance  are  boiled  for  at  least  fm  hour  in  a  500 
cc  flask  about  two-thirds  full  of  water.  After  cooling,  from  50  to  60  cc  of  double 
normal  potash  solution  :ind  20  co  (1 :10)  neutral  itotassium  oxylate  solution  are  added. 
The  flask  is  filled  up  to  the  mark,  and  the  liquid  filtered,  after  standing  for  a  quarter 
of  an  hour.  The  excess  of  alkali  in  the  filtrate  is  titrated  with  one-tenth  normal 
sulphuric  acid,  and  0.2  per  cent  are  to  be  added  to  the  sulphate  of  magnesia  obtained. 

C— Methods  of  Analysis  of  Crude  Potash  Salts  {Camallit,  Kainit,  Sylvinit,   and 

Bergkieserit). 

(2)  Preparation  of  sample. 

It  is  recommended  to  flrrind  a  large  sample  of  at  least  0.5  kg  in  weight  in  a  mill  or 
mortar,  in  order  to  avoid  differences  resulting  from  coarse  grinding. 

{3)  Determination  of  potash  by  ths  precipitation  method. 

Dissolve  35.70  grams  of  kainit  or  sylvinit,  or  30.56  camallit  or  bergkieserit,  in  a 
500  CO  flask,  with  about  350  cc  boiling  water,  to  which  10  cc  hydrochloriju  acid  have 
been  added.  After  cooling,  tbe  flask  is  filled  up  to  the  500  cc  mark,  50  cc  of  the  fil- 
trate are  precipitated  in  a  200  oc  flask  with  barium  chlorid  in  the  usual  mauner,  and 
20  cc  (=0.3570  gram,  0.3056  gram  snbstanj^e,  respectively)  are  evaporated  with  5  cc 
platinum  chlorid  solution,  and  further  treated  according  to  the  common  method.^ 

(.?)  Complete  analysis  of  the  crude  potash  salts. 

For  this  purpose,  100  grams  of  the  substance  are  dissolved  by  boiling  with  about 
500  cc  water.  The  solution  is  filtered,  the  residue  and  filtrate  washed,  and  the  filtrate 
and  wash  waters  made  up  to  1  liter.  A  portion  of  the  liquid  serves  for  the  determi- 
nation of  sulphuric  acid,  according  to  the  common  method,  by  precipitating  with 
barium  chlorid;  another  portion  serves  for  the  determination  of  lime  and  magnesia. 
For  the  determination  of  the  alkaline  chlorids  100  cc  of  the  solution  (=10  grams  of 
the  substance)  are  acidulated  with  hydrochloric  acid,  heated  to  boiling,  and  the  sul- 
phuric acid  completely  precipitated  with  barium  chlorid  in  a  500  cc  flask,  avoiding 
an  excess  of  the  barium  solution.  Fifty  cubic  centimeters  of  this  liquid  (=  1  gram 
substance)  are  evaporated  to  dryness  in  order  to  drive  oif  the  hydrochloric  acid, 
and  thereafter  magnesium  chlorid  is  decom])osed  by  igniting  with  oxalic  acid.  After 
the  ignition,  the  residue  is  moistened  with  a  little  ammonium  carbonate  in  order  to 
transform  the  calcium  oxid  into  calcium  carbonate.  In  the  mixture  of  the  chlorids 
of  the  alkalies,  which  are  now  entirely  free  from  lime  and  magnesia,  potassium 
chlorid  is  determined  by  evaporating  with  10  cc  platinum  chlorid  solution.  *  The 
weight  of  the  sodium  chlorid  is  obtained  by  subtracting  potassium  chlorid  from  the 
mixed  alkalies. 

In  calculating  the  results  obtained  from  kainit  and  sylvinit,  the  sulphuric  acid 
combined  with  calcium  is  first  subtracted  from  the  total  amount  of  soluble  sulphuric 
acid.  The  remainder  of  the  sulphuric  acid  is  calculated  to  potassium  sulphate«and 
magnesium  sulphate,  according  to  the  molecular  proportion  in  which  these  salts 
are  present  in  kainit  and  schoenit.  If,  after  this  calculation,  some  potassium  remain 
uncombined  with  sulphuric  acid,  it  is  to  be  reckoned  as  potassium  chlorid.  Like- 
wise the  remainder  of  the  magnesia,  uncombined  with  sulphuric  acid,  is  to  be 
reckoned  as  magnesium  chlorid.  The  result  of  the  calculation  will  show  how  much 
potassium  is  present  on  one  hand  in  the  form  of  kainit,  K;S04,  MgS04,  MgCLi-j-  6H:0, 
and  schoenit,  K2SO4,  MgS04  +  6HjO,  and,  on  the  other  hand,  in  the  form  of  potassium 
chlorid.    Sodium  is  reckoned  as  chlorid  of  sodium. 

In  camallit  and  bergkieserit  calcium  oxid  is  calculated  to  Hulphate  of  calcium, 
and  the  remainder  of  the  sulphuric  acid,  not  combined  with  calcium,  is  to  be 
reckoned  as  sulphate  of  magnesium.  Magnesia  uncombined  with  sulphuric  acid  is 
to  be  reckoned  as  magnesium  chlorid. 


^  To  be  more  particular,  it  is  recommended  here  to  take  a  rather  larger  quantity  of 
platinum  ohlorid,  say  6  to  7  cc,  and  also  to  pay  attention  to  the  footnote  No.  2, 
page  31. 
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D.^BeierminaHon  of  Water, 

The  content  of  water  in  cfalorid  of  potMsium  and  in  the  other  concentrated  salts 
18  determined  by  heatiuff  10  granis  of  the  sample  in  a  covered  platinum  crucible  for 
•boat  ten  minutes,  with  a  small  flame  to  dark-red  heat.  In  the  analysis  of  salts 
which  are  rich  in  magnesiam  ehlorid  care  should  be  taken  to  avoid  the  decomposi- 
tion of  that  oonstitneut.  This  can  be  effected  by  covering  the  substance  with  freshly 
ignited  lime/  or  else  the  loss  of  chlorin  should  be  determined  by  double  titration, 
paying  attention  at  the  same  time  to  the  absorption  of  oxygen.  The  loss  in  weight 
is  to  1m  subtracted  from  the  result  obtained  in  the  determination  of  water. 

APPENDIX. 

(1)  Prtparation  of  the  aolution  of  platinum  ckUnid, 

The  recovery  of  the  platinum  from  the  alcoholic  wash  liquids  containing  potash 
salts,  and  also  from  the  precipitates  of  potassium  platinum  ehlorid,  is  carrieid  out  in 
a  large  porcelain  dish  upon  the  water  bath.  The  alcoholic  liquid,  after  being  diluted 
with  about  one-third  of  water,  is  heated  to  boiling,  sodium  carbonate  is  added,  and 
at  the  same  time  the  precipitates  of  potassium  platinum  ehlorid  are  put  in  the 
reducing  liquid  in  small  portions  at  a  time.  The  heating  upon  the  water  bath  should 
be  continued  until  the  alkaline  liquid,  covering  the  precipitated  platinum,  is  perfectly 
clear.  Its  color  should  be  only  of  the  faintest  yellow.  After  pouring  off  the  liquid, 
the  reduced  platinum  is  cleansed  by  boiling  with  hydrochloric  acid  and  water.  It 
is  then  dried  upon  the  water  bath  and  ignited  for  the  ])urpose  of  destroying  organic 
compounds.  It  is  a  good  plan  to  heat  the  finely  ground  platinum  once  with  pure 
concentrated  nitric  acid,  which  \b  to  be  poured  off.  The  platinum  is  dissolved  in  a 
large  porcelain  dish  upon  the  water  bath  by  first  heating  with  about  four  times  its 
weight  of  pure  concentrated  hydrochloric  acid,  to  which  nitric  acid  (in  proportion 
of  four  parts  of  hydrochloric  acid  to  one  of  nitric  acid)  is  gradually  added.  After 
the  solution  is  completed,  it  is  to  be  evaporated  until  a  drop  taken  out  with  a  glass 
rod  solidifies  on  cooling-  The  solution  of  platinum  ehlorid  is  allowed  to  cool,  and 
will  then  form  a  crystalline  cake,  which  is  dissolved  in  wat^r,  filtered,  and  diluted, 
so  that  1  gram  of  p]atinum,is  contained  in  10  cc  of  solution  (sp.  gr.  1.18).  Special 
care  must  be  taken  that  the  solution  is  free  from  subchlorid  of  platinum  as  well  as 
from  nitrogen  compounds.  Platinum  subchlorid  may  be  converted  into  platinum 
ehlorid  by  means  of  fuming  hydrochloric  acid  and  a  little  nitric  acid.  The  nitrogen 
compounds  are  destroyed  by  repeated  additions  of  hydrochloric  acid  and  water  dur- 
ing evaporation.  If  platinum  scraps  have  been  used  for  making  platinum  ehlorid, 
it  should  be  freed  from  iridium  by  precipitatiujs:  the  platinum  ehlorid  solution  with 
ammonium  ehlorid  and  again  reducing  the  precipitate.  •  The  testing  of  the  purity  of 
the  platinum  ehlorid  solution  Is  most  conveniently  performed  by  using  potassium 
ehlorid  prepared  from  chemioidly  pure  materials. 

(2)  Pr^araliou  of  barium  ehlorid  solution. 

One  hundred  and  twenty-two  grams  of  crystallized  barium  ehlorid  are  dissolved 
with  water  and  60  cc  concentrated  hydrochloric  acid  and  diluted  to  1,000  cc. 

(3)  Jlcohol, 

Alcohol  for  washing  the  platinum  precipitate  should  be  of  at  least  96  per  cent 
strength. 

(4)  Filter, 

For  filtering  potassium  platinum  ehlorid,  the  Swedish  filter  Mnnktell  1  F.  is  best 
suited.' 
The  following  special  instructions  were  sent  out  by  the  referees: 

INSTRUCTIONS  FOR  TESTING  THE  METHODS. 

The  analyst  should  first  familiarize  himself  with  the  method  of  precipitating 
BaSO^,  working  on  solutions  prepared  as  directed  from  any  samples  of  real  Stass- 
fnrt  salts. 

»  Or  with  lead  oxid. 

'Or  else  the  Gooch  crucibles  with  asbestos  may  be  employed  for  the  purpose. 
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Muriate  of  poia9h,^Weigh  ont  accarstely  from  9^  weighing  tabe  about  0.25  gram, 
KCl,  c.  p.,  add  15  cc  muriate  of  potash  '*  impurities  "  and  5  oc  of  water.  Evaporate 
with  5  cc  of  platinum  solution  and  proceed  otherwise  according  to  A,  1^  a.  Make 
blank  on  reafi;ent8  and  ''  impurities." 

Sulphate  ofpotaeh. — Weign  ont  exactly  3.2838  grams  K^^SO^,  c  p.  Transfer  to  a 
200  cc  flask,  add  143  cc  sulphate  of  potash  **  impurities  **  and  8  cc  HCl  concentrated. 
After  precipitating  BaSO^,  as  directed  under  A,  2,  make  up  to  200  cc«  Alter  through 
dry  paper  and  proceed  with  20  cc  as  further  directed. 

Sulphate  of  potash  and  magnesia, — Weigh  out  exactly  1.8561  grams  E'2S047  c.  p. 
Transfer  to  a  200  cc  flask,  add  143  cc  sulphate  of  potash  and  magnesia  ''impurities" 
and  8  cc  HCl  concentrated  and  proceed  as  with  sulphate  of  potash. 

Kainit,— Weigh  out  exactly  0.9996  gram  KsS04,  c.  p.  Transfer  to  a  200  co  flask, 
add  45  cc  kainit  ''Impurities,^'  1  co  HCl  concentrated,  and  4  cc  water.  Precipitate 
SO3  and  proceed  as  directed  under  C,  2. 

Make  blank  determinations  on  reagents  (not  impurities)  used  in  the  analysis  of 
the  preceding  three  salts  as  follows:  Place  in  a  200  cc  flask  the  quantities  of  BaCL 
solution  and  HCl  which  were  used  in  the  actual  analysis.  Add  water  so  the  bulk  of 
liquid  will  be  150  cc  and  heat  to  boiling.  Add  dropwise  slight  excess  of  pure  H^S04 
(which  should  leave  no  residue  on  evaporation) ;  allow  to  stand  some  time,  make  up 
to  the  mark,  and  filter  through  dry  paper.  Evaporate  20  cc,  drive  oflf  H.2SO4,  add 
water  and  1  cc  HCl  concentrated.  Proceed  with  evaporation  with  platinum  solu- 
tion, treatment  with  alcohol,  etc.,  as  in  the  actual  analysis. 

For  filtering  and  weighing  the  K2PtCl6  use  Gooch  crucibles  in*  all  cases. 

In  testing  the  method  for  muriate  of  potash,  it  was  possible  to  weigh  out  the  KCl 
needed  for  each  determination  and  add  to  it  the  proper  quantity  of  the  solution  of 
"impurities/'  thus  avoiding  the  errors  and  waste  of  materials  incident  to  making 
up  a  larger  amount  to  a  deflnite  volume  and  remoJiring  aliquot  portions. 

This  could  not  be  done  in  the  other  cases,  but  a  saving  of  materials  was  efifected  by 
using  smaller  quantities  and  making  up  to  correspondingly  smaller  volumes.  The 
aliquot  portions,  after  precipitation  of  BaS04,  in  all  cases  represented  the  same 
quantities  of  material  as  they  would  if  the  normal  quantities  had  been  used. 

The  determination  of  the  potash  in  the  reagents  and  "impurities"  together  rcpre< 
sented  certain  difficulties  in  the  case  of  the  salts  containing  sulphates,  and  as  the 
quantities  in  the  "Impurities"  were  too  small  to  be  considered,  only  blanks  on  the 
reagents  were  made. 

The  analytical  data  obtained  by  the  several  analysts,  together  with  calculated 
results,  are  given  in  Tables  I  and  II. 

Before  converting  to  KCl  or  KgSO^  the  total  K2PtCl6  found  in  each  determination 
was  first  corrected  for  the  amount  found  in  the  average  of  the  blank  determina- 
tions by  the  same  analyst.  As  directed  In  the  description  of  the  method,  the  old 
conversion  factors  (0.3056  to  KCl  and  0.3570  to  K2SO4)  were  employed.  In  the  case 
of  sulphate  of  potash,  90  per  cent  of  the  weights  of  K2SO4  found  were  corrected  by 
adding  0.0011  gram,  corresponding  to  the  correction  of  0.3  per  cent,  which,  according 
to  the  directions,  should  be  made  in  the  analysis  of  this  salt, 
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Table  I. — Determination  ofpotoBsium  chlinid  by  the  SUusfurt  method. 
[Old  factors.] 


Subatances  and  analysts. 


Potassimn  chlorid,  o.  p. : 
A.W.Blair 


Muriate  of  potash.    (KCl,  c.  p.  +  impn- 
.rifien): 

G.B.  Patrick 


A.M.Peter 

F.  B.  Bomberger  . 


KCl  (dry) 
taken. 


A,  W.Blair. 
F.S.  Shiver. 
C.H.  Jones  . 


Gram. 

0.2489 

.2489 

.2480 

,2489 

.2400 
.2404 
.3469 
.4945 
.2787 
.2832 
.2953 
.2815 
.2551 
.2701 
.2461 
.2836 
.2489 
.2489 
.2421 
.2424 
.2516 
.2573 
.2489 
.2480 
.2495 
.2511 
.2556 
.2556 
.2556 
.2556 


found. 

K,PtCl, 
reagents 
an  cf"  im- 
purities." 

KCl 
found. 

KCl  error. 

K,0 
error. 

Oram. 

0.8225 

8236 

Gram. 
0.0060 

Oram, 

0.2486 

.2499 

.2488 

.2480 

.3397 
.2396 
.3462 
.4937 
.2782 
.2816 
.2953 
.2812 
.2567 
.2695 
.2454 
.2832 
.2491 
.2492 
.2414 
.2421 
.2514 
.2569 
.2511 
.2514 
.2498 
.2514 
.2544 
.2553 
.2545 
.2551 

Oram. 
+0.0006 
+  .0010 
-.0001 

—  .0009 

-.0003 
-.0006 

—  .0007 
-.0008 

—  .0005 
-.0016 

.0000 

—  .0003 
+  .0016 

—  .0006 

—  .0007 

—  .0004 
-t-  .0002 
+  .0003 

—  .0007 

—  .0003 
-.0002 
-.0004 
+  .0022 
■{■  .0025 
+  .0003 
+  .0003 

—  .0012 

—  .0003 

—  . 0011 

—  .0005 

Gram. 

+0.0004 
+  .0006 

.8202 

—  .0001 

8176 

—  .0005 

^7843 



—  .0002 

1.7848 

—  .0004 

U.1320 

—  .0004 

> 1. 6156 

—  .0005 

» .  9102 

—  .0003 

» . 9215 



—  .0010 

1.9662 

.0000 

1.9202 

—  .0002 

I  8401 

+  .0010 

1.8820 

.0004 

1.8030 
1.0267 

—  .0004 

—  .0003 

.8157 
.8161 

.0005 

+  .0001 
+  .0002 

.7953 
.7976 

.0053 

—  .0004 

—  .0002 

:8281 

—  .0001 

.8459 

—  .0003 

.8312 
.8320 

.0005 

+  .0014 
+  .0016 

.8195 
.8247 

.0020 

+  .0002 
+  .0002 

.8370 
8100 

.0045 

—  .0008 

—  .0002 

.8374 

—  .0007 

.8394 

—  .0003 

1  Corrected  by  blanks  with  impurities  and  reagents. 
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Table  ll,^DeterminatioH  ofpotas9iu'm  aulpkate  hp  M«  StoBsfuri  meUu>d, 

[Old  factors.] 


Salmtanoes  and  analysts. 


Potn.<i8iuin  sulphate  o.  p. : 
A.W.  BUir , 


C.  H.  Joneii.. 


Sulphate  of  jtotoBh,  90  per  cent  (KsSO« 
c.  p.  +  impuiities) : 
G.  £.  Patriok,  solution  Ko.  1 


G.  E.  Patrick,  solution  No.  2  '  . 


A.M.Peter 

F.  B.  Bomberger . 


A.W.Blair. 


F.  S.  Shiver . 


C.  H.  Jones  . 


Sulphate    of  potash    and    magnesia 
(K:,S04  c.  p.  +  impurities) : 
G.E.Patrick 


K,S04 
taken. 


Oram. 
0.3284 


.3284 
.3264 
.3284 
.3570 
.8570 


.3284 
.1642 
•3284 
.3284 
.3264 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 
.3284 


.3284 
.3284 
.3284 
.3284 


.1856 
.1856 
.1856 
.1856 


K,PtCU 
total 
found. 


Oram. 

0.9532 

.9529 

.9553 

>.9061^ 

«.9g83' 

».9110 

«.9025 

«.9023 

.9020 

'  .9950 


«.9214 

•.4532 

•.9095 

•.9132 

•.9145 

•.9141 

•.9217 

•.9149 

•.9142 

.9149 

.9193 

.9208 

.9211 

.9715 

.9706 

•.9209 

•.9156 

••9170 

.9251 

.9245 


K^PtClfi 

from 
reagents. 


6ra/m. 
0.0088 
.0096 
.0081 


<.007« 


.0030 


.0017 


.0068 


f      ».0083  \ 
\      •.0076   / 


.0031 


.  9165 
.9240 

.0030 

.9165 

.9190 

•.5132 

•.5145 

•.5144 

•.5148 

K,S04 
found. 

K^4 

Oram. 

Oram. 

0.8383 

+0.0099  ' 

.3381 

+  .0097  1 

.3390 

+  .0106  1 

».8222 

—  .0062 

*.8222 

—  .0062 

•.8232 

—  .0052 

«.3206 

-.0078 

<.3205 

-.0079  , 

.3542 

—  .0028 

.8652 

-.0018 

.8800 

+  .0016 

.1620 

-.0013 

.3258 

.0026 

.3271 

-  .0013 

.8276 

-  .0008 

.3274 

—  .0010 

•.3301 

+  .0017 

.8277 

-.0007 

.3274 

—  .0010 

.3271 

—  .0013 

.3270 

—  .0014 

.3266 

-  .0018 

.3277 

-.0007 

.3448 

+  .0164 

.3446 

+  .0161 

•.3270 

-.0014 

•.3251 

.0033 

•.3256 

-.0028^ 

.8303 

+  .0019 

.3300 

+  .0016 

.3272 

—  .0012 

.3299 

+  .0015 

.3272 

—  .0012 

.8281 

—  .0003 

.1832 

—  .0024 

.1837 

-  .0019 

.1836 

-  .0020 

.1838 

—  .0018 

K,0 
error. 


Oram. 
40.0054 
+  .0052 
+  .0057 

—  .0033 

—  .0033 

—  .0028 

—  .0042 

—  .0042 

—  .0015 

—  .0010 

+  .0009 

—  .0007 

—  .0014 

—  .0007 

—  .0001 

—  .0005 
+  .0009 

—  .0004 

—  .0005 

—  .0007 

—  .0008 

—  .0010 

—  .0004 
+  .0089 
4-  .0087 

—  .0008 

—  .0018 

—  .0015 
+  .0010 
+  .0009 

—  .0006 
+  .0008 

—  .0006 

—  .0002 


—  .0013 

—  .0010 

—  .0011 

—  .0010 


1  Subsequent  washing  of  KxPtCle  with  ammonium  chlorid  solution  and  alcohol  gave  0.9061  g.  = 
0.3219  g.  KaS(>4. 

•  Subsequent  washing  of  K^PtCl^  with  ammonium  chlorid  solution  and  alcohol  gave  0.9041  g.  = 
0.3212  g.  K2SO4. 

•  Subsequent  washing  of  KsPtCl«  with  ammonium  chlorid  solution  and  alcohol  gave  0.9001  g.  = 
0.3210  g,  K,S04. 

•  KjPtCl^  washed  with  ammonium  chlorid  solution, 
s  Corrected  with  blanks  on  reagents. 

<  Subsequent  washing  of  K»PtCl«  with  ammonium  chlorid  solution  and  alcohol  gave  0.9157  g.  == 
0.32H1  g.  KiSi\. 
'  The  barium  chlorid  was  added  largely  in  the  dry  state  in  preparing  solution  Ho.  2. 
•KxPtCl«  waahed  with  ammonium  chlorid  solution  and  alcohol. 
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Table  Il.^Determinaiian  ofpotMHum  Mulpkaie  by  the  Siassfurt  method— Continued, 

[Old  factors.] 


Snbetasoe*  and  analyBM. 


Snlpbate  of   potash    and    magseaia 
(K,S04  o.  p.  H-  imparities)— Cont'd. 
A.  M.Petw....> 

P.B.Bomber^r 

A.  W.Blair 

P.S.8hiT6r 

C.H.  Jones 

Kalnit  (K,804  o.  p.  +  imparities) : 
G.  E.  Patrick,  solation  No.  1 

G.B.  Patrick,  solntion  No.  2 


A.M.  Peter 

"W.  B.  Bomber  ger 

A.  W.Blair 

B.L.Harfewell.. 

F.S.  Shiver 

C.H.  Jones 


K,S04 
taken. 


Oram. 
0.1856 
.1866 
.1856 
.1856 
.1866 
.1856 
.1856 
.1856 
.1856 
.1856 
.1856 
.1856 
.1856 
.1866 
.1856 
.1856 

.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1000 
.1011 
.1011 
.1006 
.1000 
.1000 
.1000 
.1000 
.1000 


K,PtCl, 
total 
found. 


CHram. 
0.6112 
.6127 
.6216 
.5220 
.5214 
.6467 
.5464 


E«PtCl« 

from 
reagents. 


Oram. 
0.0<H7 


>.6147 
.5230 
.6261 
.5185 
.5170 
.5195 
.6180 

«.2784 
*.8080 
«.2784 
•.2707 
*.2819 
•.2807 
•.2812 
«.2813 
.2807 
.2858 
.2856 
.2860 
«.3883 
•.8087 
•.3830 
'.8006 
.2846 
.2854 
.2832 
.2849 
.2815 
.2803 
.2811 
.2810 


.0053 


K:,S04 
found. 


.0064 


t   ».0060  7 


.0021 


.0025 


.0009 
.0074 


.0052 


.0077 
.0080 
.0023 


.0025 


Oram. 

0.1819 

.1824 

.1843 

.1845 

•1842 

.1929 

.1928 

M837 

M831 

M811 

.1863 

.1871 

.1842 

.1887 

.1846 

.1844 

.0994 
•.1099 
.0994 
.0998 
.1006 
.1002 
.1004 
.1004 
.0999 
.0994 
.0908 
.0995 
*.  1370 
•.1407 
•.1351 
'.  1410 
.0988 
.0991 
.1003 
.1009 
.0996 
.0992 
.0095 


K,S04 
error. 


Oram, 
—a  0037 

—  .0032 

—  .0013 

—  .0011 

—  .0014 
+  .0073 
+  .0072 

—  .0019 

—  .0025 

—  .0045 
+  .0007 
+  .0015 

—  .0014 

—  .0019 

—  .0010 

—  .0012 

—  .0006 
+  .0099 

—  .0006 

—  .0002 
+  .0006 
+  .0002 
+  .0004 
+  .0004 

—  .0001 

—  .0006 

—  .0007 

—  .0005 
+  .0370 
+  .0407 
+  .0351 
+  .0410 

—  .0023 

—  .0020' 
+  .0003 
+  .0009 

—  .0004 

—  .0008 

—  .0005 

—  .0006 


K,0 
error. 


Oram, 
—0.0020 

—  .0017 

—  .0007 

—  .0006 

—  .0008 
+  .0039 
+  .0039 

—  .0010 

—  .0014 

—  .0024 
+  .0004 
+  .0006 

—  .0008 

—  .0010 

—  .0006 

—  .0006 

.0003 
+  .0054 

—  .0003 

—  .0001 
4  .0003 
+  .0001 
+  .0002 
+  .0002 

—  .0001 

—  .0003 

—  .0004 

—  .0003 
+  .0200 
+  .0220 
+  .0190 
+  .0221 

—  .0012 

—  .0011 
+  .0002 
+  .0005 

—  .0002 

—  .0004 

—  .0003 

—  .0003 


iKfPtCSe  washed  with  anunonlum  cUorid  solation  and  alcohol. 

•  Corrected  with  blanks  on  reagents,  24.5  and  22  re  BaCl«  solution  used  instead  of  20  cc  requirml. 
•Snbseqnent  washing  of  KfltCU  with  aromouiam  acetate  solution  and  alcoliol  gave  0.3052  g.  - 

0.1090  g.  K,8o4. 

•  Suhseqnent  washing  of  KsPtCl«  with  ammonium  chlorid  solution  and  alcohol  gave  0.2778 g.  -0.0075  g. 

K^4. 

•  Subsaqnent  washing  of  K«PtCl«  with  ammoniam  chlorid  solation  and  alcohol  gave  0.2765  g.    0.0071  g. 

•  Sabseqaent  washing  of  KfPtCU  with  ammonium  chlorid  solution  and  alcohol  gave  0.2792  g.    0.0981  g. 
K.S04. 

'  Sabseqaent  washing  of  K,PtCl«  with  ammoniam  chlorid  solution  and  alcohol  gave  0.2746  g.=0.0964g. 
ILaSoii. 

Digitized  by  CjOOQ IC 


38 

N0TK8   BY  THE   ANALYSTS. 

(?.  E.  Patrick. — The  manipulations  were  found  somewhat  troublesome,  and  it 
seems  evident  that  this  method,  as  it  relates  to  sulphates,  requires  considerable 
practice  to  insure  success.  Quite  a  large  source  of  error  is  evident  in  the  volume 
of  the  barium  sulphate.    It  seems  to  me  that  a  correction  should  be  made  for  tliis. 

C.  H.  Jones, — My  results  by  the  Stassfurt  method  surprised  me,  particularly  jw 
regards  their  uniformity.  The  precipitation  of  the  SO]  was  not  so  troublesome  as  I 
anticipated,  although  I  practiced  for  half  a  day  on  a  commercial  artic  e  before  taking 
up  the  official  samples.  In  the  washing  of  the  K^PtCU  I  was  very  careful  to  wash 
by  decautation,  and  the  precipitate  was  in  no  case  put  on  the  felt  until  the  alcohol 
wash,  after  a  thorough  mixing  with  the  platinum  salt,  was  practically  colorless. 
This  method  of  procedure  took  considerably  more  time  than  that  employed  in  the 
Lindo  Gladding  method,  especially  in  the  case  of  kainit. 

J.  M.  Peter.— In  making  these  determinations  the  instructions  were  closely  fol- 
lowed, and  the  only  departure  from  them  was  in  weighing  the  KiPtCla  on  Gooch 
filters,  washing  out  with  hot  water,  and  drying  and  weighing  the  Gooch  again,  thus 
eliminating  any  error  from  the  presence  of  insoluble  particles  in  the  K^PtCle.  This 
is  the  practice  in  this  laboratory,  but  instead  of  Gooch  crucibles  wo  prefer  a  small 
glass  tube  like  a  small  carbon  tube.  Into  these  tubes  we  put  a  plug  of  glass  wool 
and  then  pour  on  the  asbestos  pulp.  The  asbestos  felt  is  less  easily  disturbed  in 
these  tubes  than  in  Gooch  crucibles,  and  they  may  be  washed  thoroughly  with  less 
alcohol. 

A,  W.  Blair. — With  the  sulphate  of  potash  I  found  some  difficulty  in  being  able  to 
tell  just  when  all  the  SOj  was  precipitated.  I  also  found  my  weights  entirely  too 
high,  and  suspecting  that  the  96  per  cent  alcohol  failed  to  wash  out  something,  I 
used  in  addition  the  GLadding  wash  and  80  per  cent  alcohol.  As  you  will  see  from  my 
report,  that  made  a  difference. 

On  testing  the  filtrate  from  the  Gladding  wash,  I  found  CaSO^,  which  confirmed 
my  suspicions. 

1  used  from  5  to  20  cc  PtCl4  solution,  which  will  account  in  part  for  the  large 
amount  of  KiPtCl^  in  reagents. 

F.  S.  Shiver.— I  am  inclined  to  the  opinion  that  the  method  gives  high  results. 
The  factors  used  by  the  syndicate,  which  are  practically  our  old  factors,  give 
results  nearer  theory  than  the  new  fuotors  give. 

/'.  Ji.  Bomberyer. — The  instructions  were  closely  followed  in  this  work,  except  that 
the  K:PtClr,,  after  weighing,  was  dissolved  from  the  crucible  with  water  and  the 
latter  i Ignited  and  reweighed. 

The  methods  as  submitted  are  not  nearly  so  rapid  as  the  Lindo-Gladding  method, 
and  from  my  experience  not  nearly  so  satisfactory. 

COMMENTS   BY  THE   KRFEREK. 

The  method  as  applied  to  muriate  of  potash  appears  to  be  quite  accurate,  the  KCl 
found  being  in  some  cases  slightly  more  than  was  taken,  in  other  cases  slightly  less. 
The  higher  results  may  be  explained  as  due  to  impurities  iu  the  potassium  platini- 
chlorid,  since,  according  to  this  method,  the  solution  of  the  salt  is  evaporated  directly 
with  platinum  solution  and  no  attempt  is  made  to  ])urify  the  double  salt.  The  use 
of  the  old  factor  compensates  in  a  measure  for  such  an  error.  The  weight  of  KCl, 
which  would  have  been  obtained  by  the  new  factor,  may  be  readily  found  (except  in 
a  few  instances  where  considerably  more  than  0.25  gram  of  the  salt  was  employed) 
by  adding  0.0011  gram  to  the  weights  given  in  the  table. 

The  results  obtained  in  determinations  of  potassium  sulphate  in  commercial  sul- 
phate of  potash,  sulphate  of  potash  and  magnesia,  and  kainit,  as  reported  by  all  the 
analysts  with  the  exception  of  Mr.  Blair,  are,  ns  a  rule,  ([uite  close  to  theory.  Mr. 
Shiver's  results  invariably  show  a  slight  plus  error,  which  w(mldonly  be  exaggerated 
by  the  use  of  the  new  factor,  but  results  by  Messrs.  Peter,  Bomberger,  and  Jones,  iu 
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the  case  of  all  three  salts,  and  by  Mr.  Patrick  in  the  case  of  sulphate  of  potash  and 
snlphate  of  potash  and  magnesia,  are  nearer  theory  when  calculated  by  the  new 
conversion  factor. 

The  weights  of  potassium  sulphate  found  in  sulphate  of  potash,  sulphate  of  pot- 
ash and  magnesia,  and  kainit,  as  given  in  the  table,  may  be  readily  converted  into 
the  corresponding  results  by  the  new  factor  by  adding,  respectively,  0.0016,  0.0009, 
and  0.0005  gram  KsSO^. 

We  should  not  draw  hasty  conclusions  from  the  results  reported,  as  most  of  the 
analysts  tried  the  method  for  the  first  time,  and  it  usually  requires  considerable 
experience  with  a  new  method  before  the  details  are  thoroughly  mastered.  This 
point  was  brought  out  clearly  last  year.  Although  the  results  of  eight  American 
chemists  established  the  accuracy  of  the  Lindo-Gladding  method  as  applied  to 
potash  salts,  the  Stassfurt  chemists,  who  were  not  accustomed  to  the  process, 
reported  widely  discrepant  results  by  this  method. 

(2)  The  "Optional"  Method,  Acidulating  with  Hydrochloric  Acid  before 
Precipitating  the  Sulphuric  Acid. 

The  work  of  the  association  during  the  years  1894  and  1895  showed  that  in  the 
analysis  by  the  '* optional''  method  of  materials  rich  in  sulphates,  serious  losses  of 
potash  were  sustained  through  occlusion.  With  the  view  of  avoiding  this  source  of 
error,  it  was  suggested  that  the  barium  sulphate  be  precipitated  in  an  acid  solution 
as  carried  out  by  the  Stassfurt  chemists.  This  modification  of  the  method  has  been 
investigated  during  the  present  year  by  Mr.  Jones. 

Portions  of  pure  potash  salts  were  weighed  out  in  quantities  representing  0.5 
gram  of  the  four  Stassfurt  salts  and  corresponding  amounts  of  solutions  of  ''impu- 
rities" were  added.  The  solution  was  acidified  with  1  cc  of  concentrated  HCl  and 
the  barinm  sulphate  precipitated,  as  directed  by  the  Stassfurt  method.  The  analysis 
was  completed  as  directed  for  the  ''optional"  method. 

Mr.  Jones's  results,  which  follow,  indicate  that  the  proposed  modification  has  little 
if  any  advantage  over  the  official  method. 

Besults  by  modified  method. 


MateriAla. 


ECl  or  K1SO4  taken 

Total  KsPtCU  f^oand 

KtPtCl«  from  reagenle  and  imparities 

KjPtCl,  corrected 

ECl  or  KsSOi  foand  (new  factors) 

Srror  (KCl  or  K,S04) 


Moriate  of  potash 
(KC1  +  '*  impari- 
ties"). 


Qramt. 
0.4186 
1.3729 
.0085 
1.3644 
.4187 
+  .0001 


Oram*. 

0. 4191 

L3726 

.0085 

1.3610 

.4186 

—  .0006 


Sulphate  of  potash 

00  per  cent 
(K,S04+*' impuri- 
ties •'). 


OravM. 

0.4600 

1.2825 

.0090 

1.2735 

.4568 

—  .0082 


Oramt. 

0.4600 

1.2800 

.0090 

1.2710 

.4560 

—  .0041 


Sulphate 

of  potesh 
and 

magnesia 
(K2SO4 

-h 'impuri- 
ties^'). 


Oram. 
0.2610 
.7296 
.0080 
.7216 
.2588 

—  .0022 


Kainit 
(K,S04  + 
"  impuri- 
ties^'). 


Orame, 
0. 1410 
.3960 
.0053 
.3907 
.1401 

—  .0009 


(3)  Thk  Dbtermination  of  Potash  by  the  Lindo-Gladding  Method,  Evapo- 
rating Directly  with  Platinum  Solution,  without  Previous  Removal  op 

LiMK. 

According  to  the  original  method,  as  described  by  Gladding  in  1885  ^  and  adopted 
the  following  year  by  this  association,  the  determination  of  potash  in  kainit  was 
made  by  direct  evaporation  of  a  solution  of  the  salt  with  platinum  chlorld,  the  for- 
eign salts  which  contaminate  the  potassium  platinichlorid  being  removed  by 
aiumonium  chlorid  solution. 
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At  the  convention  held  in  1891  it  was  contended  that  the  treatment  with  ammo- 
niiun  cblorid  solution  was  not  safficient  to  remove  oalcium  salphate,  and  although 
the  subject  hnd  not  been  submitted  to  the  members  for  investigation,  it  was  voted^ 
to  adopt  the  present  official  metbod,  which  depends  on  the  precipitation  of  the  lime 
with  ammonium  oxalate  and  the  removal  of  ammonium  salts  by  evaporation  and 
ignition  before  evaporation  with  platinum  solution. 

In  1894  De  Roode  '  stated  that  the  direct  evaporation  method  was  the  most  satis- 
factory, and  to  support  this  view  gave  results  by  this  method  and  the  official  Liudo- 
Gladding,  the  '^  optional/'  and  the  Stassfnrt  methods. 

Vogel  and  Hafecke,^  who  apparently  were  not  familiar  with  the  original  Lindo- 
Gladding  method,  refer  to  De  Roode's  article  and  state  that  the  direct  evaporation 
process,  as  applied  to  kainit,  may  be  regarded  as  a  combination  of  the  Lindo-Glad- 
ding  and  the  shorter  Fresenius  methods. 

Last  year  four  chemists  made  determinations  by  direct  evaporation  on  mixtures 
of  pure  potassium  sulphate  and  kainit ''  impurities."  The  E3SO4  founds  as  calculated 
by  the  new  factor,  in  no  case  differed  more  than  0.0004  gram  from  that  taken ;  or,  in 
other  words,  the  maximum  error  was  equivalent  to  but  0.08  per  cent  KaO  in  kainit. 
The  errors  by  the  official  Lindo>Gladding  method  were  in  a  number  of  cases  consid- 
erably greater. 

The  following  results  reported  by  Messrs.  Peter  and  Hartwell  were  obtained  on 
EsSO^  c.  p.,  mixed  with  kainit  ''impurities,"  and  furnish  further  evidence  that 
removal  of  lime  by  precipitation  is  unnecessary : 

1,  Comparison  of  methods. 


HaterlaU. 


B.L.HartweU. 
Official  method.  Direct  evai>oratioxi. 


K,S04  taken 

Total  KaPtCl*  found 

KfPtClfl  from  impurities  and  reagents 

K,PtCl«  corrected 

KxSOa  found  (factor  0.3587) 

Error,  K3SO4 , 


Chram. 
0. 1657 
.4711 
.0008 
.4702 
.1887 
+.0030 


Oram. 
0.1547 


Although  the  results  on  artificial  kainit  point  to  the  accuracy  of  the  direct  evap- 
oration process,  it  seemed  desirable  to  make  comparative  determinations  by  this  and 
the  official  method  on  a  variety  of  samples  of  commercial  kainit. 

Mr.  Peter  found  in  a  sample  of  kainit  from  the  Kentucky  market  the  same  per- 
centage of  KjO  (13.35)  by  the  two  methods. 

The  percentage  of  potash  in  10  samples  collected  in  South  Carolina  was  determined 
by  Mr.  Shiver,  with  the  following  results : 


2,  Comparts 

on  of 

methods. 

Methods. 

No.  1.  1  No.  2. 

No.  3. 

No.  4. 

No.  5.1  No.  6. 

1 

No.  7. 

PereU 
10.27 
10.30 

No.  8. 

No.  9. 

No.  10. 

Official  method 

Direct  cvai)oration 

Per  cf}  Per  et. 
12.87  1  12.89 
12.74  !  12.77 

Peret. 
12.60 
12.47 

Peret. 
12.57 
12.40 

Peret.  Peret. 
12.68  1  12.23 
12.64  1  12.29 

Peret. 
12.31 
12.24 

Per  ei. 
12.24 
12.18 

Peret, 
12.32 
12.42 

In  the  analysis  of  a  Vermont  sample  Mr.  Jones  found  11.97  and  11.98  per  cent  K3O 
by  the  official  method  and  11.9'1  and  12.02  per  cent  by  direct  evaporation. 
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The  resalts  of  the  past  two  years,  both  on  the  mixtares  of  pure  K3SO4  \rith  kaiuit 
''imparities''  and  on  commercial  kainit,  demonstrate  that  the  direct  evaporation 
process  is  fully  as  reliable  as  the  official  method.  As  it  is  in  addition  much  shorter, 
and  much  more  easily  carried  out,  there  is  abundaot  reason  for  returning  to  this,  the 
orij^nal  method,  which,  if  the  two  methods  had  been  thoroughly  investigated  six 
years  ago,  woald  probably  never  have  been  abandoned. 

(4)  quantitirs  of  pl^tinum  solution  necessary  for  determination  in 
German  Potash  Salts. 

The  quantities  of  platinum  solution  which  are  directed  for  use  in  the  determina- 
tion of  potash  in  the  Stassfurt  salts  by  the  Lindo-61a<lding  method  (10  cc  for  0.5 
gram  of  muriate  of  potash  and  15  oc  for  0.5  gram  of  the  other  salts)  are  in  large 
excess  of  what  are  needed  for  converting  both  the  potash  and  the  soda  ioto  the 
double  salts.  Five  cc  supply  an  excess  of  chloroplatinic  acid  for  kainit^and  sul- 
phate of  potash  and  magnesia,  and  6  cc  for  muriate  of  potash  and  high  grade  sulphate 
of  potash.    If  a  liberal  excess  be  desired,  8  cc  are  sufficient  for  all  of  the  four  salts. 

In  1891  the  referee  ^  found  in  a  sample  of  double  sulphate  of  potash  27  per  cent 
K3O,  using  15  CO  of  platinum  solution,  and  26.98  per  cent,  using  8  cc ;  and  in  a  sample 
of  kainit  9.98  and  9.90  per  cent,  respectively. 

Mr.  Jones  in  the  analysis  of  muTiate  of  potash  and  sulphate  of  potash  finds  8  cc 
sufficient  in  all  cases. 

Mr.  Peter  writes  as  follows : 

In  regard  to  the  use  of  a  smaller  quantity  of  platinum  chlorid,  I  will  say  that  it 
is  the  practice  of  this  laboratory  to  use  only  a  slight  excess  above  the  amount  neces- 
sary to  combine  with  the  potash.  We  use  a  solution  of  platinnm  chlorid  containing 
about  2U.6  grams  platinum  to  the  liter.  1  cc  of  this  being  equivalent  to  1  per  cent  of 
K>>0,  on  a  basis  of  1  gram  substance  taken.  We  add  only  1  or  2  cc  more  of  this  solu- 
tion than  there  are  supposed  to  be  per  cents  of  K.^O  in  the  substance.  When  the 
liquid  is  nearly  all  evaporated,  it  is  very  easy  to  tell  whether  enough  platinum  has 
been  added  by  removing  the  beaker  from  the  water  batli  and  allowing  it  to  cool 
slightly.  On  inclining  the  beaker  so  that  the  liquid  runs  away  from  the  precipitate, 
it  18  easily  seen  whether  the  liquid  has  the  peculiar  color  of  platinum  chlorid,  and  if 
it  have  not,  but  is  too  light  colored,  more  platinum  solution  is  added.  Results  are 
entirely  satisfactory  and  waste  of  platinum  is  avoided.  Of  course,  this  proceeding 
is  only  applicable  to  the  Lindo-Gladding  method  and  where  the  NH4CI  wash  is  used. 

It  appears  that  a  saving  of  platinum  solution  can  be  readily  effected  without 
interfering  with  the  accuracy  of  the  method.  This  is  especially  desirable  now  that 
the  price  of  the  metal  is  advancing. 

Mr.  Winton  said,  in  olosing  his  report : 

«I  am  opposed  to  making  any  recommendations,  but  will  say  I  think  we  ought  to 
return  to  the  direct  evaporation  i)rocess  in  the  analysis  of  kainit.  Every  ligure 
we  have  obtained  in  the  last  two  years  shows  that  this  is  a  desirable  change,  and 
1  suggest  that  it  be  made.  I  can  hardly  recommend  that  the  Stassfurt  method 
be  adopted.  The  results  are,  many  of  them,  very  good  indeed,  and  I  think  the 
method  thoroughly  reliable,  but  the  American  people  are  altogether  too  active  to 
take  up  a  method  of  that  sort.  I  can  see  no  advantage  in  adopting  it,  unless  it 
prove  very  much  more  accurate.  Possibly  it  might  be  well  to  investigate  it  further 
during  the  coming  year.  The  method  is  a  good  one ;  the  question  is  whether  the 
association  wishes,  eventually,  t-o  adopt  it  or  not.  I  will  not  take  the  responsibility 
of  recommending  that  it  be  adopted,  nor  will  I  recommend  that  the  referee  for 
next  year  be  put  through  the  same  course  of  sprouts  that  I  have  been. 

Recommendations. 

''I  have  made  only  this  one  recommendation,  that  we  return  to  the  original  method 
for  kainit.  I  am  also  tempted  to  recommend  that  we  stop  this  extravagance  in  the 
use  of  platinum  solution.  Possibly  the  association  prefers  to  investigate  that  sub- 
ject another  year.    I  am  fully  satisfied  that  small  quantities  are  sufficient,  and  I 
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think  at  most  of  our  stations  smaller  quantities  are  used.  I  am  loth  to  make  any 
recommendations  on  the  results  of  the  year.  I  therefore  suggest  merely  that  the 
subject  be  submitted  for  investigation  the  ensuing  year.'' 

Mr.  Wiley  conveyed  to  tbe  aASociation  an  invitation  from  the  Cosmos 
Club  to  enjoy  the  privileges  of  the  club,  and  on  his  own  behalf  invited 
the  members  to  visit  the  Department  of  Agriculture  and  inspect  the 
chemical  laboratories,  A  resolution  of  thanks  for  both  invitations  was 
adopted. 

The  convention  adjourned  until  2.30  p.  m. 

TUESDAY— AFTERNOON  SESSION. 

The  President.  The  order  of  business  calls  for  the  presentation  of 
papers  on  the  determination  of  potash.  If  none  be  presented,  discus- 
sion on  topics  relating  to  the  determination  of  potash  is  in  order. 

DISCUSSION  ON  POTASH. 

Mr.  LiNDSEY.  Referring  to  the  Stassfurt  method,  I  would  like  to  ask 
the  referee  whether  it  is  possible  to  use  that  method  on  all  the  multi- 
tudinous mixed  fertilizers  that  are  analyzed! 

Mr.  WiNTON.  This  method  is  only  used  for  the  potash  salts. 

Mr.  VON  Hekff,  It  simply  requires  previous  treatment  with  sul- 
phuric acid,  the  same  as  in  the  LindoGladding  method.  I  see  no 
reason  why  it  should  not  be  used  in  all  cases. 

Mr.  WiNTON.  How  would  you  get  rid  of  the  soluble  organic  matter! 

Mr.  VON  Herff.  With  sulphuric  acid,  tlie  same  as  in  the  Lindo- 
Gladding method.  It  has  not  been  tried,  so  far  as  I  know,  but  if  it 
work  in  one  it  is  reasonable  to  suppose  it  will  in  the  other  cases. 

Mr.  Huston.  Is  it  supposed  that  it  is  applicable  in  those  cases  where 
the  law  specifies  that  we  must  handle  only  potash  soluble  in  water!  It 
will  require  considerable  roundabout  work  to  use  the  method,  as  I 
understand  it,  if  we  are  to  use  it  in  such  cases,  and  many  of  us  are 
limited  to  potash  ^actually  soluble  in  water, 

Mr.  VON  Herff.  In  what  way  would  that  interfere! 

Mr.  HiTSTON.  We  have  a  large  amount  of  organic  matter  soluble  in 
water. 

Mr.  VON  Herff.  What  do  you  do  in  the  LindoGladding  method  in 
such  cases?  I  do  not  see  that  it  would  complicate  the  method  at  all, 
except  that  you  know  you  have  a  little  more  organic  matter  and  per- 
haps use  a  drop  or  two  more  sulphuric  acid. 

I  was  not  fortunate  enough  to  hear  the  report  read,  but  I  believe  the 
general  experience  seems  to  be  that  the  Stassfurt  method  is  somewhat 
difficult.  Against  this  I  may  say  that  the  main  advantage  claimed  by 
the  Stassfurt  chemists  over  the  Liudo  Gladding  method  is  in  simplicity 
of  exe<*ution.  Perhaps  with  more  experience  any  difficulties  that  may 
exist  may  be  overcome.    Every  chemist  must  become  familiar  with  a 
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method  before  he  can  use  it  well.  It  must  be  remembered  that  chem- 
ists here  have  long  been  familiar  with  the  Lindo-Gladding  method. 

Mr.  WiNTON.  With  regard  to  results  by  American  chemists  usiDg 
the  Stassfurt  method,  they  were  quite  good,  but  not  quite  up  to 

Mr.  VON  Herff  (interrupting).  That  is  a  good  beginning,  I  think. 

Mr.  WiNTON.  Very  good.  But  the  Stassfurt  method  certainly  has 
no  advantage  over  the  Lindo-Gladding  method  so  far  as  our  results  go. 

Mr.  VON  Herff.  If  both  methods  get  good  results,  one  would  be  as 
good  as  another.  It  is  an  advantage,  however,  to  have  one  method 
adopted  universally. 

The  President.  I  think  if  it  comes  to  be  understood  on  the  other 
side  of  the  water  that  chemists  on  this  side  get  as  reliable  results  with 
the  Lindo  Gladding  method  as  they  can  with  the  Stassfurt  method, 
that  difficulty  will  be  obviated.  If  that  comes  to  be  understood  clearly, 
the  i)oint  the  gentleman  has  raised  will  be  dissipated  without  the 
necessity  of  educating  American  fertilizer  control  chemists  in  a  new 
method. 

Mr.  LiNDSEY.  It  seems  to  me  that  a  great  deal  of  very  careful  work 
havS  been  done  this  year  in  comparing  these  two  methods.  I  think  the 
point  should  be  taken  into  consideration,  as  Mr.  von  Herff  states  that 
the  Stassfurt  method  is  comparatively  new  to  our  chemists,  and  it  cer- 
tainly does  require  some  experience  to  get  the  best  results  with  any 
method.  On  the  other  hand,  it  would  seem  to  me  that  so  far  as  they 
have  gone  the  Stassfurt  method  does,  in  their  hands,  give  quite  reliable 
results^  but  it  certainly  is  in  no  sense,  if  I  understand  their  report, 
superior  to  the  Lindo-Gladding  method.  The  Lindo-Gladding  method, 
it  appears,  can  be  worked  more  quickly  than  the  Stassfurt,  and  there- 
fore if  Mr.  von  Herflf  is  so  desirous  that  we  should  all  have  one  method, 
I  think  it  is  the  sense  of  this  association  that  we  recommend  our  friends 
across  the  water  to  adopt  the  Lindo-Gladding  method. 

Mr.  VON  Herff.  When  it  comes  to  final  action  this  is  a  matter  of 
importance,  and  I  would  admit  both  methods,  so  that  in  case  diflflculties 
arise  they  can  be  settled  on  an  equal  basis.  It  is  admitted  by  the 
association  that  the  method  is  accurate,  and  therefore  there  is  no  rea- 
son to  leave  it  out  of  consideration  entirely.  So  far  as  simplicity  is 
concerned,  it  is  strongly  claimed  by  the  Stassfurt  chemists  that  it  is 
the  quickest  possible.  They  work  it  in  a  very  short  time  without 
difficulty. 

Mr.  WiNTON.  I  would  like  to  ask  our  friend  whether,  if  we  adopt 
the  Stassfurt  method,  the  German  chemists  will  return  the  compliment 
and  adopt  the  Lindo-Gladding  method?  Possibly  we  can  meet  them 
halfway. 

Mr.  VON  Herff.  I  have  no  authority  to  speak  for  the  Stassfurt 
chemists,  and  I  can  say  nothing  about  that.  They  have  no  association, 
so  far  as  I  know.  There  are  quite  a  number  of  chemists  there  and 
they  all  work  this  method,  but  I  believe  they  would  be  very  much 
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pleased  to  adopt  the  Lindo-Oladding  method  if  there  be  any  simplicity 
in  it.    But  they  say  the  other  is  very  much  quicker. 

3Ir.  Hills.  Do  chemists  in  Germany,  as  a  rule,  use  the  Stassfnrt 
method! 

Mr.  YON  Hebff.  There  has  been  issued  a  printed  circular  describing 
the  method  in  detail,  and  I  think  it  is  used  in  most  of  the  labora- 
tories. 

Mr.  Hills.  For  mixed  fertilizers! 

Mr.  YON  Hebff.  They  have  not  so  many  mixed  fertilizers  in  Ger- 
many. 

Mr.  Winton.  In  the  matter  of  the  simplicity  of  the  two  methods  I 
think  the  only  way  we  can  arrive  at  a  true  solution  of  the  problem  is 
by  having  a  competitive  trial  in  some  laboratory.  But  I  think  our 
friends  the  Staasfurt  chemists  are  hardly  acquainted  with  the  Lindo- 
Gladding  method  as  we  use  it.  They  recommend  for  the  Stassfurt 
method  weighed  filter  paper.  Now,  we  gave  that  up  in  this  country, 
and  use  instead  the  Gooch  crucible.  In  their  latest  instructions  they 
say  the  Gooch  crucible  may  be  used,  but  it  is  very  evident  that  they 
are  not  experienced  with  it,  and  I  do  not  think  they  appreciate  what  a 
very  simple  undertaking  it  is  to  purify  KjPtCl^  when  collected  in  a 
Gooch  crucible.  I  think  it  must  be  very  much  shorter  than  precipi- 
tating with  sulphuric  acid,  as  they  do. 

Mr.  Jones.  In  regard  to  the  question  of  time  in  the  manipulation  of 
the  two  methods,  I  think,  that  so  far  as  one  sample  is  concerned,  the 
time  consumed  in  the  two  processes  might  be  about  the  same,  but  with 
a  string  of  a  dozen  or  twenty  samples  I  think  the  Lindo-Gladding 
method  would  beat  the  other  2  to  1  easily. 

Mr.  Hills.  I  would  like  to  ask  Mr.  Winton  if  the  German  chemists 
have  tried  the  LindoGladdiug  method  except  at  the  one  time  he  men- 
tioned in  this  morning's  talk! 

Mr.  Winton.  The  results  are  given  in  full  in  last  year's  report.  I 
can  not  say  whether  any  of  them  have  tried  it  before,  but  I  should  say 
from  the  results  that  they  had  not.  The  whole  trouble  is,  I  think,  that 
they  collected  the  salt  on  the  weighed  paper.  I  do  not  think  the  Lindo- 
Gladdiug method  works  so  well  when  you  use  weighed  filter  paper.  I 
do  not  feel,  however,  that  it  has  had  a  fair  trial  on  the  other  side  of  the 
water. 

Mr.  VON  Herff.  I  believe  the  question  before  this  association  is 
practically  this:  Should  it  be  allowed  to  use  the  Stassfurt  method  or 
must  the  Lindo-Gladding  method  be  used!  It  has  been  acknowledged 
that  the  Stassfurt  method  is  an  accurate  one  and  has  been  used  by 
the  parties  most  interested  in  potash,  therefore  I  do  not  see  why  it 
should  be  rejected,  nor  why  it  should  be  said  that  such  and  such  a 
method  is  our  official  method  and  no  other  should  be  admitted,  although 
the  other  is  admitted  to  be  accurate. 

The  President.  If  there  be  no  further  discussion,  the  report  is 
referred  to  the  committee  on  recommendations. 
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BEOOMMENDATIONS. 

The  committee  on  methods  of  potash  analyses  made  the  following 
recommendations : 

1.  That  the  same  method  be  used  for  determining  K>0  in  kainit  as  is  now  used 
for  sulphate  and  doable  snlphates.     Adopted. 

2.  That  the  referee  investigate  our  present  methods  for  determiuing  K.O  as  applied 
to  wood  ashes  and  cotton-hnU  ashes.    Adopted. 

3.  That  the  alternate  method  for  determining  KtzO  is  not  recommended  when  K2O 
is  present  in  the  form  of  salphate.  Mr.  Van  Slyke  suggested  that  the  word  alter- 
nate be  changed  to  optional.    Adopted. 

4.  That  the  referee  for  1898  investigate  methods  for  determining  chlorin. 

Mr.  Babtlett  (chairman  of  the  committee  on  recommcDdations). 
We  fouDd  in  talking  the  matter  over  that  the  association  had  no  official 
method  for  determining  chlorin;  that  several  different  methods  were 
used,  and  that  the  subject  was  worthy  of  investigation. 

The  fourth  recommendation  was  adopted. 

The  chair  called  for  the  report  of  the  committee  appointed  last  year 
to  make  a  reply  to  the  Stassfurt  chemists  on  their  strictures  on  the 
Lindo-Gladding  method.  The  report  was  read  by  Mr.  Wintou.  It  was 
decided  to  offer  the  report  for  publication  in  the  Versuchs-Stationen, 
the  organ  of  the  German  experiment  stations.^ 

Mr.  ScovELL.  Will  that  report  be  printed  as  a  part  of  the  proceed- 
ings? 

The  Pbesident.  It  is  presented  as  a  part  of  the  proceediugs,  and 
will  be  printed  in  some  chemical  journal. 

Mr.  Van  Sltke.  I  think  we  ought  to  take  some  official  action  indi- 
cating the  approval  of  the  association,  and  I  therefore  move  that  the 
association  approve  the  report  as  read. 

Seconded  and  adopted. 

Mr.  BiGBLOW.  In  regard  to  the  publication  of  this  matter,  I  think 
it  was  suggested  last  year  that  it  would  be  well  to  have  it  more  widely 
published  than  in  our  .bulletin,  and  I  move  that  the  committee  be 
instructed  to  use  their  own  judgment  as  to  where  it  shall  be  published, 
but  have  it  printed  in  at  least  one  scientific  journal  of  large  circulation. 

Seconded  and  adopted. 

Mr.  WiNTON.  I  wish  to  bring  up  a  reconsideration  of  the  motion 
passed  this  morning  with  regard  to  x>otash.  It  was  moved  and  carried, 
I  believe,  that  the  optional  method  for  the  determination  of  potash  be 
not  recommended  when  the  potash  exists  in  the  form  of  sulphate.  I 
move  that  this  be  reconsidered.  It  is  my  purpose  to  refer  the  subject 
again  to  the  committee. 

The  motion  was  seconded  and  carried. 

Mr.  Winton  then  moved  that  the  question  be  again  referred  to  the 
committee,  which  was  adopted,  and  the  matter  declared  to'  be  so 
referred. 

Mr.  Babtlett.  The  committee  recommends  that  under  the  head 
of  optional  method  for  determination  of  potash,   the  following  be 


*  The  paper  is  published  in  Chemical  News,  vol.  77.  ^^  , 
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inserted:  The  Liudo-Gladdiiig  method  is  preferable  in  the  presence 
of  soluble  sulphates. 

Mr.  Whkeler.  I  will  say  that  this  is  merely  a  signboard  hung  up 
before  this  optional  method  to  show  that  yoji  can  not  get  good  results 
in  the  presence  of  sulphates. 

The  recommendation  was  adopted. 

Mr.  Patterson,  on  behalf  of  the  committee  on  order  of  business, 
reported  that  after  careful  consideration  it  seemed  best  to  visit  the 
laboratories  of  the  Department  of  Agriculture  on  Wednesday  after- 
noon, immediately  after  the  election  of  officers.  Upon  motion  it  was 
agreed,  after  some  discussion,  that  the  election  of  officers  take  place 
Wednesday  afternoon  at  2  o'clock,  and  that  immediately  thereafter  the 
association  adjourn  to  visit  the  Department  of  Agriculture. 

Mr.  WnEELEB.  Before  the  matter  of  pho8i)horic  acid  is  taken  up  I 
would  like  to  call  the  attention  of  the  association  to  the  movement 
that  is  on  foot  to  secure  uniform  legislation  on  the  subject  of  fertilizer 
laws.  I  woi^d  say  that  a  i>reliminary  meeting  was  called  iu  New 
Haven  at  which  representatives  of  a  number  of  States  were  present, 
and  a  committee  was  appointed  to  take  steps  toward  securing,  if  pos- 
sible, uniform  legislation  in  the  diflerent  States.  This  committee  met 
in  May  in  New  York,  held  a  conference  with  a  committee  of  the  East- 
ern Fertilizer  Association,  and  as  a  result  of  that  meeting  recommended 
that  this  association  and  the  Association  of  Agricultural  Colleges  and 
Experiment  Stations  each  appoint  a  committee  to  take  such  further 
steps  as  may  seem  desirable.  The  Association  of  Agricultural  Col- 
leges has  a  committee,  but  this  association  has  not.  It  would  seem 
appropriate  that  this  association  should  join  the  other  in  the  effort  to 
secure  this  end;  and  I  would  therefore  move  that  the  chairman  appoint 
a  committee  of  five  from  this  association  to  act  with  the  committee 
from  the  other  association,  and  that  they  be  authorized  to  take  such 
further  action  as  may  seem  desirable,  and  report  to  the  association  at  a 
later  meeting. 

Seconded. 

Mr.  Wiley.  In  supporting  this  motion,  I  would  like  to  suggest  that, 
as  we  have  already  appointed  on  that  committee  by  the  Association  of 
Agricultural  Colleges  a  number  of  gentlemen  who  are  also  members 
of  this  association,  the  president^  in  exercising  his  discretion  in  this 
matter,  include  those  gentlemen  on  our  committee,  so  that  in  that  way 
they  may  represent  both  associations.  I  think  at  least  three  of  the 
committee  appointed  at  Minneapolis  are  members  of  this  association. 

Mr.  Wheeler.  I  will  say  that  I  bring  this  matter  up  now  so  that 
those  appointed  upon  this  committee  may  know  that  we  look  to  have 
them  remain  for  a  committee  meeting  after  the  close  of  our  association, 
because  a  meeting  of  the  committee  of  agricultural  colleges  has  been 
called  for  Friday  morning,  and  probably  everything  necessary  to  be 
done  now  can  be  done  in  a  very  short  time. 
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The  motion  was  carried.  The  chair  annoiiuced  the  members  of  the 
committee  later. 

The  report  on  phosphoric  acid  was  read  by  Dr.  McDonnell,  state 
chemist  of  Maryland. 

EEPORT  OU  PH08PH0EI0  AOID,  IBON  AUD  ALUMUTA,  AND  BASIO  SLAQ. 

By  H.  B.  McDoNNKLL,  Referee, 

During  the  latter  part  of  January  last  the  referee  sent  out  a  circular  letter  asking 
the  cooperation  of  chemists  in  the  work  on  phosphoric  acid,  and  also  on  iron  and 
alnmina  and  basic  slag,  Jis  directed  by  the  association  last  year.  Twenty-three 
chemists  requested  samples,  which  were  sent  out  about  March  1.  A  small  reserve 
of  five  sets  of  samples  was  prepared,  as,  according  to  the  experience  of  last  year, 
this  number  would  have  been  ample.  This  reserve,  however,  was  soon  exhausted, 
and  I  was  unable  to  furnish  samples  to  at  least  three  chemists  who  afterwards 
applied. 

Of  the  samples  sent  out  No.  1  was  the  same  as  No.  1  of  last  year,  having  been  made 
up  at  that  time  and  kept  as  a  reserve  supply  sealed  in  the  bottles  as  sent  out.  The 
nature  of  the  other  samples  is  sufficiently  indicated  in  the  tables  and  instructions, 
except  No.  8,  which  is  described  on  page  56. 

The  results  reported  by  the  various  analysts  are  giveu  in  the  following  tables: 
Table  I  gives  the  average  of  results  reported  on  phosphoric  acid ;  Table  II,  the  de- 
tailed results  as  reported,  except  those  by  the  '^  yellow  method,"  which  are  given  in 
Table  III.  Table  IV  gives  the  results  on  iron  and  alnmiiuim,  and  Table  V  the  results 
on  basic  slag. 

With  each  set  of  samples  was  sent  the  following: 

Directions  for  Work  on  PHospnoRic  Acid. 
Determine  total  phosphoric  acid  in  samples  1  to  6  inclusive,  by — 

A.  The  official  gravimetric  method. 

B.  The  modified  volumetric  method.  This  method,  which  is  recommended  by  the 
referee,  has  given  excellent  results  in  his  laboratory  in  thousands  of  comparisons 
with  the  gravimetric  method  on  ^'insolubles."    It  is  as  follows: 

To  ao  aliquot  portion  of  the  solution,  prepared  according  to  one  of  the  official 
methods,  preferably  As,  is  added  NH4  OH  in  excess,  then  HNO:,  in  excess,  then  the 
regular  molybdate  solution  (which  should  be  filtered  if  necessary)  in  excess.  Warm 
on  the  wat'Cr  bath  to  about  50^  C.  for  twenty  or  thirty  minutes,  with  occasional  stir- 
ring; filter,  wash  with  water  at  ordinary  temperature  until  filtrate  fails  to  show 
acidity  when  tested  with  litmus  paper.  Transfer  the  filter  and  contents  to  a  beaker, 
add  20  to  40  cc  of  water  and  standard  alkali  sufficient  to  dissolve,  stirring  well; 
titrate  excess  of  alkali  with  standard  sulphuric  or  nitric  acid,  using  phenolphthalein 
as  indicator. 

Nitric  acid  wash  for  yellow  precipitate  is  not  necessary,  and  nitrate  solutions 
should  be  avoided,  because  molybdic  acid  is  insoluble  therein. 

Overheating  of  the  yellow  precipitate  is  to  be  avoided,  as  it  may  cause  a  granular 
precipitate  of  molybdic  acid  whicii  is  difficult  to  wash  out. 

Good  results  are  also  obtained  by  heating  the  solution,  after  the  addition  of  the 
molybdate,  to  50^  C.  and  allowing  it  to  stand  over  night  at  ordinary  temperature. 

C.  The  volumetric  method  as  given  in  Bulletin  46  and  Circular  2,  Chemical  Divi- 
sion, United  States  Department  of  Agriculture. 

D.  Gladding's  ** yellow  method''  sent  herewith.  Mr.  Gladding  now  recomniends 
two  final  washings  with  alcohol  in  order  to  facilitate  the  drying,  which  is  done  in  a 
glycerol  bath  at  106°  C.     (J.  Am.  Chem.  Soc,  Jan.,  '96,  p.  23.) 

UETHOBS    FOR  THB    DKTBRMINATION  OF   ''AVAILABLE"   PHOSPHORIC  ACID   IX    BASIC 

SLAG. 

(OutUne  suggested  by  Mr.  Wiley) : 

(a)  Solubility  in  official  ammonium  citrate  solution. 
\h)  Solubility  in  Wagner's  ammonium  citrate  solution. 

(c)  Solubility  in  1  per  cent  ammonium  citrate  solution. 

(d)  Determination  of  the  fineness  of  sample. 

(e)  Determination  of  the  per  cent  of  sample  removed  by  magnet. 
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Make  deterDiinations  as  follows  on  samples  Nos.  6  and  7;  the  former  is  American, 
the  latter  European  slag : 

1.  (a)  Determine  '^ available"  by  the  resnlar  official  method. 

(b)  Determine  the  *' available"  by  the  regular  official  method,  except  to  treat 
the  substance  with  the  citrate  for  one  hour. 

2.  Wagner's  method.— Fiwe  grams  of  the  slag  meal,  without  further  grinding  or  sift- 
ingy  are  put  into  a  half-liter  liffsk  which  is  tilled  to  the  mark  with  dilute  ammonium 
citrate  solution,  the  temperature  of  which  is  17^^  C.  The  flask  is  closed  by  means 
of  a  rubber  stopper  and  immediately  put  into  a  revolving  agitating  apparatus  fov 
thirty  minutes,  the  revolutions  being  made  at  the  rate  of  30  &>  40  per  minute,  and 
iiltered  at  once. 

Fifty  cubic  centimeters  of  the  filtrate  are  mixed  with  100  cc  of  molybdaio 
solution  and  heat-ed  on  a  water  bath  at  80^  to  90^  0.  for  from  ten  to  fifteen  mi  nates; 
the  mixture  is  removed  from  the  bath,  cooled  to  the  temperature  of  the  room  and 
the  process  continued  by  the  usual  gravimetric  method. 

Wagner's  concentrated  ammonium  citrate  solution  contains  in  1  liter  150  grams  of 
crystallized  citric  acid  and  23  grams  of  ammoniacal  nitrogen.  The  latter  is  to  >t.; 
determined  accurately  by  analysis  by  distilling  off  the  ammonia  from  a  measured 
volume  of  the  solution  (after  making  the  solution  up  with  approximately  the  proper 
amount  of  ammonia  to  exactly  eight  or  nine  tenths  of  the  intended  volume).  The 
determination  is  made  as  in  the  Gunning  method,  omitting  the  digestion.  The 
solution  is  now  made  up  with  ammonia  of  such  strength  that  the  total  nitrogen  per 
liter  is  23  grams. 

For  use,  two  volumes  of  this  solution  are  diluted  with  three  volumes  of  water. 

3.  Treat  1  gram  slag  meal  in  an  8-onnce  (250  cc)  £rlenmever  flask  with  100  cc 
of  1  per  cent  citric  acid  solution  at  approximately  20°  C.  for  one  hour,  shaking 
moderately  every  ten  minutes.  Filter  through  a  dry  filter  and  determine  P^Os  in 
40  or  50  cc  of  the  filtrate  by  the  molybdate  method. 

Try  also  the  effect  of  treating  the  slag  as  above  (under  3)  for  two  hours  instead  of 
one  hour. 

4.  Determine  fineness  on  10  grams  of  sample  by  using :  (a)  Brass  sieve  with  circular 
holes  ^  mm  in  diameter.  (5)  Sieve  of  bolting  cloth  having  4  meshes  to  the  mm.  (c) 
Sieve  of  bolting  cloth  having  10  meshes  to  the  mm,  making  four  separations. 
(Note. — After  these  directions  were  given  it  was  found  that  bolting  cloth  with  10 
meshes  to  the  mm  could  not  be  obtained  and  that  with  5  meshes  to  the  mm  was 
used  instead;  the  latter  is  approximately  one-tenth  mm  between  the  meshes.) 

5.  Determine  the  amount  of  sample  removed  by  a  magnet.  Use  1  gram  fur  the 
determination,  spread  in  a  thin  layer  on  glazed  paper. 

METHODS  FOR  THE  DETERMINATION  OP  IKON  AND   ALUMINA  IN   PHOSPHATES. 

Determine  iron  and  alumina  in  samples  1, 4, 5, 6,  and  8  by  the  methods  given  below. 
Sample  No.  8  is  composed  of  pure  chemicals  and  its  composition  is  accurately  known. 

1.  Acetate  method, — Dissolve  2  to  2^  grams  of  the  phosphate  in  30  cc  HCl  and  10  cc 
HNO.-}  (all  iron  most  be  in  the  ferric  state),  cool,  make  up  to  250  cc,  and  take  50  cc 
for  the  determination.  Add  2  drops  of  1  per  cent  methyl  orange  and  ammonia  imtil 
alkaline.  Dissolve  the  precipitate  in  very  slight  excess  of  HOI,  dilute  to  about  300 
cc,  add  25  cc  20  per  cent  ammonium  acetate  solution  for  one  hour  and  filter.  Dis- 
solve the  precipitate  in  hot  dilute  HCl,  and  precipitate  as  before  twi<'e  more,  mak- 
ing three  precipitations  in  all.     Wash  precipitates  with  hot  water.     Incinerate  the 

Srecipitate  in  a  platinum  crucible,  cool,  add  about  2  to  5  grams  NaiCOsi  or  NajCOa  and 
[3CO3,  fuse  gently  from  fifteen  to  twenty  minutes,  dissolve  the  fusion  in  hot  water,  fil- 
ter and  wash.  Acidify  the  filtrate  with  UOl,  boil  off  COo,  dilute  to  300  cc,  and  pre- 
cipitate with  ammonium  aastate  as  above.  Filter,  wash  the  precipitate  practically 
free  of  chlorids,  ignite  and  weigh  as  AIPO4,  which  multiplied  by  0.418  equals  Al:Oi. 
Dissolve  the  FciO^  on  the  filter  in  hot  dilute  HCl,  precipitate  with  ammonia,  wash 
free  of  chlorids  and  weigh  as  Fe^O:;. 

Before  precipitating  the  iron  and  aluminum  phosphates  as  above,  it  is  probably 
desirable  to  add  a  little  ammonium  or  sodium  phosphate. 

2.  Thiosulphate  method. — Dissolve  2  to  2|  grams  of  the  material  in  30  cc  HCl  in  a 
250  cc  flask,  cool,  make  up  to  mark,  take  50  cb  and  determine  iron  by  permanganate 
(Mar^erite's  method,  Fresenius  Quant.  Anal.,  p.  267,  edition  1881).  The  HCl  may  be 
practicaUy  all  removed  by  boiling  with  the  H2SO4. 

To  50  cc  of  the  original  solution  add  NH4OH  in  slight  excess,  and  then  HCl 
until  faintly  acid.  Now  add  1  cc  of  a  1  per  cent  solution  of  KCNS,  warm  to  about 
65^  C,  and  reduce  the  iron  with  ammonium  thiosulphate,  using  a  2  per  cent  solu- 
tion. (Sodium  thiosulphate  may  be  used  instead.)  This  should  be  done  very  slowly 
and  there  should  be  no  odor  of  SO2  until  after  the  color  has  entirely  disappeared ; 
the  solution  must  remain  perfectly  clear.  Dilute  to  about  300  cc,  add  25  cc  50  per 
cent  ammonium  or  sodium  thiosulphate  solution,  bring  to  a  boil  and  continue  to  boil 
for  thirty  minutes,  remove  from  flame,  let  settle  for  five  or  ten  minutes  and  filter, 
washing  out  the  beaker  thoroughly  and  twice  on  the  filter  with  water  at  65^  C. 
Dissolve  the  .ilPO^  on  the  filter  back  into  the  beaker  in  which  the  precipitation  was 
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made,  with  hot  25  per  cent  KOH  free  from  Al^Os,  washing  finally  several  times  with 
hot  wat«r.  Make  faintly  acid  with  HCl  and  precipitate  with  ammoniam  thiosul- 
phate,  hoiling  a  half  hour  as  hefore ;  filter  on  a  Gooch  crucible,  wash  with  warm 
water  till  free  of  chlorids,  ignite  and  weigh.    Multiply  by  0.418  for  Al.Or. 

3.  (t.  Glaser's  in«</iod.~Kemoye  metallic  iron  by  magnet.  Dissolve  2  grams  in  aqua 
regia,  dilute  to  250  cc  and  use  50  cc  for  analysis.  Add  NH40H  until  barely  acid  to 
methyl  orange ;  add  amnioninm  acetate  (containing  free  acetic  acid)  until  color  turns 
quite  yellow;  heat  to  70*^  C,  let  settle  well;  incinerate  precipitate  after  washing 
with  warm  water,  in  a  platinum  crucible  at  a  low  heat;  let  cool,  mix  with  about  2 
grams  KNaCOit,  and  fuse  for  fifteen  minutes  at  a  gentle  heat.  Dis.solvo  fusion  in  hot 
water  and  filter  over  ashless  filter.  Filtrate  contains  all  Al^Oit  and  most  P..>Oa.  Residue 
on  filter  contains  Fe^Os,  some  PiO.^  and  possibly  some  CaCO:j.  Filtrate  is  acidified 
with  HCl,  COi  boiled  off  and  AlPO^  precipitated  as  before.  After  washing  precipi- 
tate redissolve  in  warm  HCl,  add  some  pure  PjO.^  solution  or  (NH4).2HP04  (but  no 
salt  of  fixed  alkali),  repeat  precipitation  as  before,  wash  well  with  tepid  water, 
incinerate  and  weigh  as  AIPO4.  Weight  multiplied  by  0.42  equals  AljOj.  Iron  resi- 
due on  filter  is  dissolved  in  hot  dilute  HCl  and  washed  into  beaker;  precipitate  by 
NH4OH,  add  snfiScient  c.  p.  citric  acid  to  obtain  a  clear  alkaline  solutiou.  Now 
ammoninm  sulphide  is  added  in  excess.  Stir  well  for  a  short  time,  let  settle  (usually 
clear  in  ten  minutes)  filter  over  ashless  filter,  wash  well  with  dilate  ammonium  sulphid 
to  remove  last  traces  of  citric  acid,  dissolve  black  precipitate  in  dilute  HCl,  oxidize 
by  HNO3,  finally  precipitate  with  NH4OH,  wash,  incinerate,  and  weigh  as  Fe-0:;. 

Where  methods  employed  differ  from  directions  given  please  give  details. 

It  is  desired  that  all  results  be  reported  by  July  1,  and  in  no  case  later  than  one 
month  before  the  next  meeting  of  the  association,  in  order  to  give  the  referee 
ample  time  to  tabulate  the  work. 

H.  B.  McDonnell,  Referee, 

Table  I. — Average  reeulU  showing  content  of  phosphorus  ohtained  by  analysts  of  phos- 
phoric acid  samples. 


AnalyBts. 


Stillwelland  Gladding 

J.  Thompeon,  S.  C 

C.  C.  McDonneU,  S.  C 
r.S.  Shiver,  S.C 
H.A.Soovell,Ky 
A.M..Pet«r,Ky 
H.  E.  Curtis,  Ky 
Ora  K.  Knight,  Me 
C.  B.  WilUamii,  N.  C 
CD.  Harris,  N.C 

B.G.  Banyan,  D.C 

C.  H.  Jonee,  Vt 
B.O- White,  Vt 
W.  L.  Mitchell,  Conn 
W.H.  Andrews,  N.Y 
A.D.Cook,K.Y 
C.  W.Norri8,Pa 
F.P.Veit<5h,Md 
W,  Sldnner,  Md 

Difference  between  highest 
and  lowest 

Greatest  difference  from 
average , 

Komber  averaged. 

Average . 


3.  Cottou-s€»od  meal. 
Grav.!  Mod.       v„i. 


Peret.  Per  et. 


Per  et 


2.59 

2.62 

2.61 

2.58 

2.63 

2.69 

2.61 

2.60 

2.53 

2.70 

2.61 

2.62 

2.52 

2.54 

2.49 

2.55 

2.68 

2.50 

2.78 

2.07 

2.68 

.29  I 


I 


.16 

.06 


.07  .  13  I 

18        !     17        I        4 
2.59  I      2.62  I        2.50 


^  Too  discordant  for  average. 

16663— No.  51 1 


*  Omitt<>d  fi-oin  average. 
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Tablk  I. — Average  reeulie  showing  content  of  phosphorus,  etc, — Continaed« 


Analysta. 


4.  FIa.  phoBphate. 


Grav. 


Peret. 

Still  well  and  Gladding 30. 16 

J.  Thompaon,  S.  C 80.16 

C.  C.  McDonnell,  S.  C 30.17 

F.S.  Shiver,  S.C 3d.l« 

M.A.Scovell,Ky 

A.M.Peter.Ky 

H.E.Curti8,Ky , 

Ora  K.  Knight,  Me 

C.B.Wmiam8,N.C.... 

CD.  Harris,  N.C 

E.  G.  Rnnyan,  D.  C 

C.H.Jone«,Vt 

B.O.  White.  Vt 

W.L.MitoheU,Cann... 

W.H. Andrews, N.Y j    30.21 

A.D.Cook,N.T '    30.36 

80.24 
20.97 
30.13 


Mod. 
vol. 


Vol. 


30.04 
80.10 
80.04 
29.27 
20.81 
30.22 
30.30 
30.40 
80.68 


C.W.Norris,Pa 

F.P.Veitch,Md 

W.  Skinner,  Md 

Difference  between  highest  ' 
and  lowest 

Greatest  difference  from  ' 
average 

Number  averaged. . . . 

Average I    30,10 


1.81 


I    18 


Peret, 
30.10 
30.33 
30.18 
80.25 

'31.02 
30.15 
30.02 
20.92 
29.14 


30.05 
30.28 


80.89 
80.64 
80.47 
131.45 
29.92 
30.06 


Peret. 


80.70 
80.60 
30.45 


29.90 


29.90 


5.  Ala.  phosphate.  6.  Pottstown  slag. 


Grav. 


Peret. 


42.23 
42.24 
42.36 


42.15 
43.14 
42.53 
41.40 
41.23 
42.26 
42.56 
42.64 
42.91 
42.58 
42.36 
42.84 
42.62 
42.37 


Mod. 
vol. 


Per  et. 
42.00 
42.37 
42.74 
42.10 

(•) 

42.60 
43.92 
42.30 
41.37 


Vol. 


Per  et. 


43.15 

43 

43.40 


0"v.     ^Sf. 


Peret. 
16.70 
16.28 
16.26 
15.01 


42.23 
42.54 


42.62 
42.09 
42.41 
144.26 
42.23 
41.97 


41.59 


41.90 


16.16 
16.51 
15.97 
15.  C9 
15.67 
16.08 
16.40 
16.40 
16.30 
16.18 
16.29 
16.69 
16.39 
16.63 


Per  et. 
16.60 
16.27 
16.34 
16.03 
16.61 
16.75 
16.48 
15.47 
15.70 


15.75 
16.48 


16.14 
16.11 
16.08 
»16.89 
16.56 
16.51 


Vol. 


Peret. 


16.24 
16.05 


16.26 


15.80 


2.48 

.80 

L91 

1.14 

.39 

.77 

15 

5 

17 

30.19 

30.31 

42.37 

I 


2.89 


1.81  I    1.03  '      1.42 


.46 


I 


1.03  I        .79         .45  .66  .17 

15        I      5        I  18        I    16        I        4 
42.37  1    42.40       42.61     16.25       16.23  {      16.09 


I'Omitted  from  average.  *  Too  discordant  for  average. 

Tablb  ll.-^Detailed  results  on  phosphoric  aoid  as  reported  hy  analysis. 


Analysts. 


Stillwell   and  Glad- 
ding, N.T 

John  Thompson,  S.C . 
C.  C.  McDonnell,  S.  C 


F.S.  Shiver,  S.C.. 
M.  A.  Soovell,  Ky . 


1.  S.  Crock. 
Grav.     ^??-       Vol. 


A.  M.  Peter,  Ky 


Per  et. 
28.16 
28.09 
27.90 
28.05 
27.96 


Per  et. 
28.20 


28.03 


28.16 
4  28.32 
«20.61 


Peret. 


*  28.40 
*28.15 
*28.16 
«28.10 
428.25 
427.90 
«28.10 


Grav. 


2.  Bone. 
Mod. 


Peret. 
22.72 
22.71 
22.64 
22.68 
22.60 


vol. 


Peret. 
22.75 
22.83 
22.67 


22.58 
23.62 


22. 80  I  '  22. 65 


•28.20  I  »  27. 85 
1  See  Bulletin  Tto.  46,  Division  of  Chemistry, 
page  12. 
3  Dissolved  in  H,S04  and  KNO,. 
'Volumetrics  stood  over  night. 
♦Dissolved  by  A,. 


I    3.  Oott4>o-seed  meal.   { 


Vol.    I  Grav. 


Peret. 


23.40 
28.60 
22.85 
23.95 
23.07 
*  21. 75 


Peret. 
2.56 
2.64 
2.59 
2.59 
2.62 


Mod. 
vol. 

Per  et. 
2.59 
2.62 
2.61 


Vol. 


2.58 
2.64 
2.62 


Peret 


|'a2.62  !»o2.61 

•Dissolved  by  A«. 
•HAandHKOi. 
'HNO,. 
^aMg  (NO.),. 


}  ^ 

(0 
(»> 


2.70 
2.68 
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Table  U.^DetaiUd  rcBulU  an  phosphwic  acid  ob  reported  by  analy«to— Continued. 


1. 
GraT. 

Perct. 

S.  C.  rook. 

2.  Bone. 

3.  Cot 
Grav. 

Per  et. 

ton-seed  meal. 

Aiudysta. 

Mod. 
vol. 

Vol. 

Grav. 

Mod. 
vol. 

Vol. 
Per  et. 

Moii. 
vol. 

Peret. 

1     <'^ 
Vol.  1 

A.M.Peter,Kj 

Peret. 
>29.20 

Peret. 

•28.40 

•28.60 

28.06 

Peret. 

Peret. 
•23.30 

P«rct. 

}  « 

1 

H.  E.  CnrtiA.  Ky 

28.25 

28.25 

•28.08 

•28.15 

•28.18 

27.34 

27.40 

27.67 

27.58 

28.21 

28.12 

28.00 

28.20 

28.20 

10  28.18 

10  28.22 
27.60 
27.74 
27.75 

27.50 
27.68 
28.33 
28.47 
28.29 
28.14 

28.72 

22.80 

22.82 

•23.22 

•23.06 

•23.30 

22.32 

22.40 

22.29 

22.48 

22.99 

22.43 

22.61 

23.46 

23.15 

2.58 

2.57 

•2.65 

•2.56 

«  2. 72 

2.58 

2.55 

2.52 

2.56 

2.50 

2.51 

2.56 

2.60 

2.53 

QraK.K]dglLt,Me... 

27.46 
'27.38 

22.72 
22.68 
'22.68 
22.29 
22.88 

22.73 
22.83 

2.62 
2.79 

C.B.Winuims,N.C.. 
C.D.Harrf8,N.C.... 

27.51 
27.50 

27.75 
27.86 

2.57 

2.55 
2.68 

E.  6.  Banyan,  B.C.. 
W.L.MitcheU,Conn. 

27.75 
28.23 
28.86 

27.60 

22.85 
22.68 
22.61 

22.60 

2.52 
2.53 
2.57 

2.54 

1      ^^ 

G.H.  Jones,  Vt 

"28.30 
>S28.25 
>«28.20 

■•23.08 

"23.00 
••23.10 
••23.06 

"2.65 

'•2.49 

B.O.  White,  Vt 

••23.12 
22.80 
22.76 

"2.56 
2.62 
2.55 
2.55 

W.H.Andrew8,N.Y. 

28.20 
28.22 
28.20 
28.30 
28.35 
27.41 
27.60 
29.30 
29.28 
28.99 

1 200  CO 

jn.o 

300  cc 
H,0 

28.46 
28.95 
28.85 

22.85 
22.86 
22.87 

2.69 
2.68 
2.68 

;:r 

A.D.Cook,W.Y 

C.W.Nonii,Pa 

23.08 
23.06 
22.76 
23.02 
22.74 
22.75 
23.02 
22.60 
22.68 
22.68 
22.89 
22.52 
23.03 
23.02 
23.10 

23.08 
23.04 
23.83 
24.41 

23.64 
23.40 
24.26 

2.60 
2.60 
2.60 
2.60 
2.69 
2.63 

2.54 
2.58 
2.75 
2.81 

2.74 
2.79 
2.75 

F.P.Veitch,Md 

28.01 
28.01 

27.99 
28.06 
28.02 

27.90 

27.95 

28.10 

"28.00 

"28.16 

22.90 

22.85 

"23.07 

"23.15 

"23.00 

23.01 

23.09 

22.96 

23.17 

2.67 
2.46 

2.68 
2.66 

W.Skinner.Md 

27.88  1 

27.96    

27.91  1 

2.62 
2.70 

2.68 
2.68 

1 

1 

'See  Bulletin  No.  46,  Division  of  Chemistry,      ^  •  Special iDolybdatoaolation.  J.Atn.Chem.Soc., 

page  12.  Mar.,  1896. 

•Keldahl  solution.  i«A4.                            | 

•  HA  and  HNO,.  "  A«.                              I  Method  of  solution,  Bull. 
•Dissolved  in  H,S04—A4.  "A,.                              |             4G,pagol2. 

•  0.5  gram.  "  Ag*  stood  overnight.  J 

•0.5  gram,  not  neutralised.  "Stood  twelve  hourH;    Mg(N0s)2,  method  on 

'  "Sot  neutrslized.  No.  3. 
•0.2  gram,  not  neutraUzed. 
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Table  II. — Detailed  results  on  phosphoric  acid  as  reported  by  analysts — Continaed. 


4.  Fla.  phosphate. 

5.  Ala.  phosphate. 

6.  Potistown  slag. 

AnalystA. 

Grav. 

Mod. 
vol. 

Vol. 

Grav. 

Mod. 
vol. 

Vol. 

Grav. 

"Cf;  i  vol.  1  <■» 

StlUwell  and    Glad- 

Per et. 

Per  et. 

Per  et. 

Peret. 

Per  et. 

Per  et. 

Per  et.  1  Per  et.  '  Per  et. 

ding,  N.  Y 

John  Thompson,  S.  C. 

30.16 

30.10 

42.00 

16.70  1     16.60  1 

30.15 

30.33 

42.23 

42.37 

16.28  '     16.27    \ 

16.26  1     16.34  1 /^* 

C.  C.  McDonnell,  S.C  • 

30.17 

30.18 

42.24 

27.74 

30.15 
30.16 

42.35 
42.35 

42.10 

16.28 
15.91 

P.  S.  Shiver,  S.C 

30.25 

16.03    

31.68 

31.30 

45.69 

43.90 

!     16.48  1  16.60    ^ 

31.55 

31.06    

44.08 

42.65 

16.74  1  16.50 

30.10 
80.75 
29.95 
31.05 
'29.45 

42.85 
43.30 
42.85 

15.95 
15.80 
16.50 

........ 

r* 

'42. 30 



«15.85 
•16.25 

A.M.Peter,Ky 

•30.04 

•30.15 

•30.46 

•42.14 

•42.50 

•42.90 

•16.14  !  »16.46 



'31.70 

•30.75 

•42.16 

'45.60 

•48.10 

•16.17     '17.00 

•16.23 

'43.20 
'43.60 
'44.00 
43.92 

H.E.  Curtis,  Ky 

30.11 

30.92 

30.45 

43.54 

43.40  '    16.66  1     16.48 

16.05 

30.09 

43.24 

43.08 

•42.68 

"42.44 

16.63 

(*) 



•16.25 
"15.97 

OraK.  Knight,  Me... 

'»29.99 

29.92 

42.28 



15.40  ] 

«»30.08 

29.92 

1042.62 

42.32 



"16.03       15.53  ' 

20.21 

"29.88 
29.08 

"42.03  ! 

41.19  1    41.59 

"15.09    "15.48  1 

15.76       15.52     16.31 

C.B.WiUiam8,N.C.. 

29.86 

41.81 

29.33 

29.20 

29.93 

41.48 

41.54    

15.61       15.87     16.21  1 

C.D.narris,N.C.... 

29.37 

n.  13 

' 

15.66    ' 

29.24 
30.22 

41.33 
42.26 

1 

15.67 
16.08 

1 

E.G.Runyan,D.C... 

30.05 

29.90 

42.23       41.90 

15.75  1  15.80 

W.L.MitcheU,Conn. 

30.59 

30.29 

42.79 

*2.»2    

16.26 

16.14  , 

30.55 

30.24 

42.60 

42.99  ! 

16.36 

16.14    

30.60 

"29.94 
«30.01 
"29.91 
»»30. 30 

30.39 
30.59 
30.40 

1 

42.93  ' 

16.29 

(") 

42.80 

1142.88 

"42.64 

C.H.  Jones,  Vt 

««30.20 

|'»42.51  |»«42.53 



"16.36 

"16.45 

"30.25 

|«42.60 

"42.60  1 

•16.44 

"16.45 

1*30. 40 

•30.40 

•42.60 

•16.55 

B.O.^Vhite,Vt 

W.H.  Andrews,  N.T. 

1^42.  64 

"16.40 

30.16 

30.60 

[  42.50 

42.55  S            1 

"16.39 

16.10 

30.18 

30.65 

\zz  ^  «-^« 

42.72  ,^200cc{ 

"16.08 

16.12 

30.28 

30.70 

1  42.32 

42.80 

J       I 

"16.  C8 

I  See  Bnlletin  No.  46,  Division  of   Chemistry, 
page  12. 
«  Dissolved  in  H,S04  and  KNO,. 
■  Volumetrics  stood  over  night. 
♦Dissolved  by  A,. 
•Dissolved  by  Aj. 
•HAandHNO,. 
'  Keldahl  solution. 

"  A,.    Met  hod  of  solution,  Bui  L  46,  page  12. 
»H,S04. 
"0.5  gram. 


"0.5  gram,  not  neutralized. 
"  Not  neutralized. 
"0.2  gram,  not  neutralised. 
"SptH'ial  niolybdate  solution 
Soc.,  Mar.,  1896. 
"A4. 

**  '^'"  (  46.  naire  12. 

"  A»  stood  overnight.)  '  *^* 

"Precipitated  once  with  molybdate. 

"Precipitated  twice. 


J.  Am.  Chem. 


|Method  of  solution^  Boll. 
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Table  II. — Detailed  results  on  phoephorie  add  as  reported  hy  analysts — Con  tinned. 


Analysts. 


4.  Fla.  phosphate. 


Onv. 


W.  H.  Andrews,  N.T . 


Perct. 


A.D.Cook.N.Y 

30.44 
C.W.Norrift,Pa 1    30.30 


Mod. 
vol. 


Vol. 


P.P.Veitoh.Md. 


W.SIdnner.Md. 


30.20 
30.19 
30.19 
80.30 
30.25 
29.91 
30.03 


Peret. 
30.65 
80.60 
30.38  |. 
30.55  {. 
31.45 
31.65  i 
31.26  I 


Peret. 
jSOOec 


5.  Ala.  phosphate.  0.  Pottstown  slag. 


Grav. 


Peret. 


Mod. 
vol. 


89.95 
*30.00 
>29.80 


80.09  I  30.00 
30. 15  I  30. 10 
30. 18       80. 02 


42.40  I 
42.32 
31.12  i  43.02  [ 
31.16  I  42.91  i 
31.12  42.64  I 
42.98 
42.66 


Peret. 

42.68 

42.50 
42.32 
44.30 
44.05 
44.34 


Vol.      Grav. 


;   Mod 
I    vol, 


•  i   Vol. 


(') 


Per  et.  '  Per  et.    Per  et.    Peret, 


300  cc 


.1. 


42.65 
42.57 


42.10 
42.19 


42.66    '42.32 
M2.32 


42.28 
42.46 
42.86 


42.00 
41.05 
'41.95 


44.04 
43.81 
44.10 


16.24 
16.34  , 
»16.81 
*16.66  , 
M6.57  ' 
« 16. 65  I 
« 16. 76 
«16.67 
16.43  I 
16.27  i 


16.08 
16.08 
16.79 
16.98 


16.27 


16.60 

16.65 

M16.50 


16.79 
16.69 
16.50 


»« 16. 55 
"16.49 


16.52 

16.20 

16.65 

16. 62       16. 60 

16. 65       16. 55 

16. 62       16. 48 


>See  Balletin  Ko.  46,  Division  of  Chemistry,         'Stood  twelve  hours;    Mg(NOs)s.  Method  on 
page  12.  '     No.  3. 

*  Used  diluted  aold  in  dissolving. 

Table  III. — Phosphoric  acid  hy  "  yellow  method.'* 


Analysts. 

Sample. 

1. 

2. 

3. 

4. 

5. 

42.20 
42.11 

6. 

Stillwell  and  Gladdlnff 

28.10 
28.20 

22.76 
22.76 

2.56 
2.58 

30.15 
30.15 

16.60 

16.70 

Average - 

28.15 

22.76 

2.57 

30.15 

42.16 
~42.4r 

16.65 



30.27 

R. O. ftnnvan    TT.S.  Dent^  of  Airr. ..-.,. --. 

28.28 

28.24 
28.20 

23.01 

~S.lo 

23.30 

?ff1 

15.90 

2.44~ 
2.50 

0  W  Kniirht    Me.  fdried  in  water  oven) 

~29.95 

~42r4r 

42.46 

16.11 

16.00 

28.22 

23.30 

2.52 

29.05 

42.45 

16.06 

C.W.Norris,  Pa.  (Dried  in  ordinary  air  bath  at 
10&-112*'  C.).... 

28.02 
28.42 
27.94 

22.93 
22.97 
23.15 

2.67 
2.74 
2.53 
2.47 

30.13 
30.51 
30.95 
29.82 

42.64 
43.27 
42.14 

16.22 

16.69 
17.18 

28.13 

23.02 

2.60 

30.35 

42.68 

10.70 

NOTES  OF  ANALYSTS. 

T.  S.  Gladding. — I  find  the  same  resalts  by  all  three  methmls  for  P2O5.  The  gravi- 
metric is  least  reliable.  The  volumetric  is  all  right  when  solutions  are  accurate. 
My  gravimetric  ''yellow  method^'  I  find  roost  certain  in  the  hands  of  our  assistants. 
Its  simplicity  and  gravimetric  features  are  its  strong  points. 

A,  M.  Peter  J  Kentucky, — We  have  had  a  groat  deal  of  trouhlo  in  working  with  the 
volumetric  methods^  and  have  not  succeeded  in  getting  good  results,  especially  ou 

-—-^ ^.^ 
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the  Rnlphnric-acid  solationB.  You  will  notice  when  yoa  compare  my  resnlts  with 
tliosu  of  Mr.  Curtis  that  there  is  also  a  considerable  discrepancy  between  his  fignies 
and  mine  on  samples  Nos.  5  and  6  by  the  gravimetric  method.  It  would  appear 
that  the  resnlts  obtained  from  sulphuric-acid  solutions  by  the  official  graTimetric 
method  are  considerably  too  high  and  that  the  duplicates  do  not  agree  where  there 
is  much  iron  and  alumina. 

H,  E.  CurtiSj  Kentucky, — Quite  a  number  of  determinations  have  been  made  on 
hydrochloric  and  nitric  acid  solutions  on  these  same  samples,  but  the  methods  varied 
slightly  from  both  yours  and  Mr.  Kilgore's,  and  as  yet  I  have  not  been  able  to  get 
duplicate  results  to  agree.  In  some  sets  they  would  agree  and  the  same  work  would 
be  duplicated,  and  the  duplicates  would  not  agree,  neither  would  they  agree  with  the 
former  results. 

O.  W.  Knight,  Maine. — In  the  Gladding  method  I  used  Gooch  crucibles.  After  four 
hours  drying  in  the  water  oven,  a  constant  weight  wtis  reached  by  the  precipitate. 
This  method  gives  good  results  and  seems  likely  to  prove  of  value  in  some  cases. 

In  the  volumetric  method  there  is  great  difficulty  in  determining  the  exact  moment 
when  the  color  change  takes  place.  Some  of  the  precipitate  begins  to  dissolye  in 
many  cases  before  it  is  thoroughly  washed. 

C.  B.  Williams,  North  Carolina.— In  the  gravimetric  method  twenty  washings  were 
required  to  rid  the  white  precipitate  of  chlorids. 

In  washing  the  yellow  precipitate  free  from  nitric  acid,  in  determining  phosphoric 
acid  by  your  modification  of  the  volumetric  method,  it  was  found  that  it  required 
from  twelve  to  fifteen  washings,  while  by  Kilgore's  method  six  ynre  sufficient. 

In  the  manipulation  of  your  modification  the  following  objections  are  encoun- 
tered :  First,  in  consequence  of  the  low  temperature  of  precipitation  the  yellow 
precipitate  obtained  is  infsuch  a  finely  divided  condition  that  it  tends  to  run  through 
the  filter  paper;  second,  the  washing  of  the  ammonium  phosphomolybdate  is  so 
slow  that  there  is  great  danger  of  decomposition  of  the  yellow  precipitate  taking 
place ;  third,  the  amount  of  filter  paper  in  necessarily  so  large  in  the  titrating  beaker 
that  it  interferes  with  the  detection  of  the  exact  neutral  point  in  titration.  In 
Kilgore's  method  none  of  these  objections  has  to  be  contended  with.  In  all  voln« 
metric  determinations  20  cc  solutions,  corresponding  to  0.2  gram  substance,  were 
used.    All  resnlts  are  from  the  same  solution.^ 

C.  H.  Jonettf  Vermoni.^l  am  of  the  opinion  that  if  a  volumetric  method  is  to  be 
adopted  officially  your  modification  is  more  nearly  correct  than  the  one  printed 
(in  Bui.  46). 

Winion  (MitcheH)^  Connecticut. — *  *  *  Used  modified  molybdic  solution  as  de- 
scribed in  the  Journal  of  the  American  Chemical  Society,  May,  1896. 


^Note  by  referee. — I  am  unable  to  reconcile  all  of  the  statements  above  with  the 
results  reported  by  Mr.  Williams.  The  averages  of  his  results,  which  are  from  closely 
agreeing  duplicates,  are  as  follows : 


Sample. 

Gravi 
metric. 

Referee's 
volumetric 

Kilgora'A 
volumetrio. 

No.l 

27.37 

27.51 

27.80 
22.78 
2.62 
29.90 
41.59 
16.26 

No.  2 

22.3} 
2.57 
29.27 
41.40 
15.09 

22.34 
2.61 
29.14 
41.37 
15.70 

No.3 

No.  4 

No.5 

No.  6 

In  every  case  the  referee's  method  gives  results  very  close  to  the  gravimetric, 
while  in  each  case  higher  results  are  obtained  by  Kilgore's  method.  I  do  not  think 
that  the  latter  precipitates  were  sufficiently  washed. 
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We  do  not  ttiink  that  the  anunoninm  nitrate  contaiDed  in  the  ordinary  molybdic 
solntion  is  sufficient  when  no  more  is  added  or  formed  by  neutralization.  As  we 
ignite  fertilizers  containing  organic  matter  with  magnesium  nitrate  and  dissolve  in 
HCl  we  get  no  nitrate  by  neutralization  of  the  solvent.  We  have  our  choice  of  four 
plans  of  procedure  if  we  wish  more  ammonium  nitrate  than  moderate  excess  of 
niol^bdio  solution  will  furnish:  (1)  Addition  of  HNOa  and  NH4OH;  (2)  addition 
of  solid  or  dissolved  NH4NO3;  (3)  addition  of  large  excess  of  molybdic  (the  old  way) ; 
(4)  use  of  molybdic  solution  containing  the  extra  NH4NO3.  Tlie  latter  plan  seems  to 
me  preferable  from  point  of  convenienoe.     *     •     * 

The  few  determinations  I  have  made  convince  me  that  the  volumetric  method, 
both  as  Kilgore  left  it  and  in  the  form  you  use  it,  is,  when  carefully  carried  out, 
thoroughly  aecurate.    The  following  experiments  may  be  of  interest  to  you : 

Series  I.— Added  HNO3  and  neutralized  with  NH4OH. 


Detennhistion. 


Total  phoephoric  acid  in  aoid  phosphate 

ToUl  phosphoric  acid  in  tankage , 

Total  phosphoric  acid  in  dry  ground  flsh 

Total  phosphoric  acid  in  disaolved  bone  black 

Total  phosphoric  acid  in  air-dry  carnation  blossoms 
Total  phosphoric  acid  in  mixed  fertiliser 


Tolu- 
metric. 

Grsvl- 
metric. 

Pf  eenl. 

Per  cent. 

17.40 

17.28 

14.83 

15.05 

7.39 

7.28 

17.26 

17.24 

.65 

.63 

6.44 

6.33 

Seriks  II.— Added  solid  NH4NO3. 


Determination. 


Volu- 
metric. 

Gravi- 
metric. 

Per  etnt. 

Per  eent 

6.89 

6.87 

11.03 

10.87 

12.39 

12.22 

12.04 

11.88 

11.08 

10.96 

10.67 

10.43 

2.07 

1.95 

7.04 

6.98 

12.04 

.11.89 

Total  phoflphono  acid  in  dry  ground  fish 

Total  phosphoric  acid  in  mixed  fertilizer 

Total  phosphoric  acid  in  mixed  fertilizer 

Total  phosphoric  acid  in  mixsd  fertilizer 

Total  phosphoric  acid  in  mixed  fertilizer 

Total  phosphoric  acid  in  mixed  fertilizer , 

Total  phosphoric  acid  in  mixed  fertilizer 

Solnble  phosphoric  acid  in  mixed  fertilizer 

Soluble  phosphoric  acid  in  dissolved  bone  black 


Series  III.— Using  molybdic  solution  containing  extra  NH4NO3 


Volu-          Gravi. 
metric.    1     metric. 

Soluble  nhosnhoric  acid  in  mixed  feriilizer 

Percent.      Percent. 
2.60                 2.46 

Soluble  nhosnhoric  acid  in  mixed  fertilizer 

2.40  ;               2.32 

Soluble  phosphoric  acid  in  mixed  fertilizer 

4.75  1               4.61 

Soluble  phosphoric  acid  in  mixed  fertilizer 

9.03  '               8.94 

Solnble  phosphoric  acid  in  mixed  fertilizer 

4.75  1               4.65 

Soluble  nhosnhoric  acid  in  mixed  fertilizer  ....                                       

6.69  1               6.51 

F.  P,  VHtckf  Maryland,— WsLBhingB  in  the  volumetric  method  were  from  twelve  to 
twenty-four  times,  amounting  to  from  1.50  cc  to  250  cc  on  each  sample,  the  larger 
amount  being  required  by  the  heaviest  precipitates. 
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I  haye  found  it  safer  to  use  1  cc  of  1  per  cent  phenolphthalein,  aa  with  a  smaller 
amoaut  the  color  fades  too  soon,  giving  slightly  high  results. 

OBSERVATIONS   BY  REFEREE. 

It  is  worthy  of  note  that  outside  of  the  referee's  laboratory  only  three  of  the 
chemists  taking  part  in  this  work  did  so  last  year.  Taking  this  into  account,  and 
also  the  nature  of  the  samples,  I  consider  this  work  very  good  indeed.  There  are 
very  few  wild  results  by  the  gravimetric  method,  and  only  a  few  by  the  modified 
volumetric  method,  and  those  are  confined  to  three  or  four  analysts.  The  average 
results  by  the  latter  give  a  better  showing  than  those  bj'  the  published  method.  To 
be  sure,  the  variations  are  less  by  the  latter  method,  but  this  loses  weight  when  we 
remember  that  three  times  as  many  chemists  tried  the  new  modification. 

I  wish  to  again  call  the  attention  of  the  association  to  the  optional  method  for 
preparing  ammonium  citrate.  At  the  Chicago  meeting  I  called  attention  to  this 
method.  In  the  first  place,  it  is  supposed  that  on  mixing  two  solutions  which  react 
on  each  other,  causing  a  precipitate,  the  filtrate  will  still  be  neutral,  provided  the 
original  solutions  are  neutral.  Although  this  is  the  rule,  there  are  some  well  known 
exceptions.  Let  us  examine  the  method.  *^  Dilute  to  nearly  sp.  gr.  1.09.  Prepare 
calcium  chlorid  solution ;  make  the  latter  neutral.  To  10  cc  citrate  add  50  cc  calcium 
chlorid  solution.  (This  dilutes  the  citrate  to  one-sixth. )  Filter  and  diluie  the  filtrate 
with  an  equal  volume  of  water,''  making  the  acidity  or  alkalinity  one-twelfth  of  the 
original  citrate.  Anything  can  be  made  neutral  to  the  ordinary  tests  by  the  process 
of  dilution  alone,  if  it  bo  carried  far  enough. 

In  the  referee's  laboratory  the  best  method  yet  found  for  preparing  citrate  of 
ammonia  is  that  of  Do  Roode.  The  citric  acid  is  put  into  a  large  evaporating  dish  or 
enameled  iron  pan  and  covered  with  water;  ammonia  is  added  from  time  to  time, 
regulating  the  amount  so  that  the  hea  tgenerated  will  not  be  extreme,  till  it  is  in 
decided  excess;  the  dish  or  pan  is  then  allowed  to  stand,  uncovered,  for  about  two 
days,  when  the  solution  will  be  found  to  be  neutral.  It  is  then  diluted  to  the  proper 
specific  gravity. 

Recommendations. 

1.  That  the  volumetric  method,  in  its  simplified  form,  be  adopted  as  an  alternate 
method. 

2.  That  the  De  Roode  method  for  the  preparation  of  ammonium  citrate  be  tested 
by  the  referc^e  the  coming  year  with  the  view  of  adopting  it  instead  of  the  present 
"  optional "  method. 

Determination  of  Iron  and  Alumina.    (Table  IV.) 

Sample  No.  8  was  made  up  by  using  chemically  pure  salts,  and  contained  one  part 
of  ferrous  ammonium  sulphate*,  one  part  of  aluminum  sulphate,  and  two  parts  of  tri- 
calcium  phosphate.  It  contained,  as  nearly  as  oould  be  determined  from  analysis  of 
the  ingredients,  from  4  to  4.05  per  cent  of  AI2O3  and  from  5.10  to  5.15  per  cent  of 
Fe^O.).    Analysis  showed  the  following  composition  of  the  ingredients : 

Per  c«nt. 

Fe^Oa  in  iron  ammonium  sulphate,  by  precipitation  with  ammonia 20. 40 

20.46 

By  titration  with  permanganate 20. 26 

20.26 
Average,  20.36  per  cent;  theory,  20.40  per  cent. 

Per  p«iit.  Per  cent. 

AI^Ot  in  aluminum  sulphate 15. 95  (Veitch) ;  15. 94  (Bomberger). 

15. 66  15. 93 

Average,  15.95  per  cent. 
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Tho  ealcinm  phosphate  used  gave  0.36  per  cent  of  iron  and  alumina  phosphates  by 
the  acetate  method.  This  result  is  thought  to  be  considerably  too  high,  but  the 
determination  was  not  repeated.  The  solution  gave  a  slight  reaction  for  iron  by 
qualitative  test. 

Table  IV. — Besults  on  iron  and  alumina. 


1.  S. Crock. 

4.  Fla.  phosphate. 

5.  Ala.pho8i 

>hate. 
Glaser. 

Analysta. 

Ace- 
tate. 

Thio. 

Glaser. 

Ace- 
tate. 

Thio. 

Glaser. 

Ace. 
tate. 

Thio. 

C.(t  laser,  Balto 

Per  et. 

Perct. 
1.14 
0.77 
1.11 

Peret. 
1.90 
1.75 
1.84 

Perct. 

Peret. 
2.23 

Per  et. 
2.26 

Peret. 

Per  et. 
29.67 

Peret. 
29.63 

2.07 
•1.96 

1.86 
1.70 

29.63 

F  S  Sbiver.S.C.« 

2.35 
•2.37 

2.39 
1.94 

29.44 
29.48 

27.90 
27.12 

E.  G.  Rtmyan,  U.  S.  Dept. 
of  Agr    

1.17 
1.60 

M^04. 

*3.12 

«3.19 

2.51 

1.15 
3.08 

1.40 
1.75 

ByK 

n.45 

0.80 
1.47 

27.58 
27.81 

Mn04. 
10.85 

24.70 

F.P.Veitch,Md 

C.  Glaser 

10.75 

10.80 

F.S.Shiver 

1.43 
1.42 
1.58 



10.46 
11.32 
10.81 

F'. Gt  KnnyaD  -x-,».r 

2.87 

3.10 

1.50 
1.45 

2.16 

11.60 
11.26 

12.14 

F.P.  Veitch 

B.  06         2-  01 

6.  Pottstown  slag. 

8.  A1,(S04), ;  Fe  Am  SO4 ;  Cas(P04),.  j 

Analysts. 

Ace. 
tate. 

Thio. 

Glaser. 

Ace- 
tate. 

Thio. 

Glaser. 
Per  et. 

4.10 
3.96 

Glad, 
potash. 

Still  veil  6c  Gladding,  K.  Y. 

Peret. 

Perct, 

Peret. 

Per  et. 

Peret. 
5.07 
5.11 
3.60 
4.09 
4.03 

Per  et. 
4.05 
4.01 
4.01 

G.  Glaser,  Balto 

>2.71 

0.08 
0.16 

3.77 
8.79 
»8.87 

3.72 
3.47 

F.S.  Shiver,  S.  C.« 

0.30 
0.18 

AlaO,. 

B.  G.  Ranyan,  IT.  S.  Dept. 
of  Agr 

0.50 
0.76 

0.78 
0.59 

ByK 

0.27 

3.22 
8.95 

ByK 

M11O4. 

3.28 

F.P.  Veitch,  Md 

Stillwell  &.  GUddhig,  K.  Y. 

4.92 
4.93 

CGlaaer 

21.42 

20.29 
21.79 

5.69 

5.35 
5.40 

Fe,0,. 

F.S.  Shiver 

22.88 
23.80 
22.00 

5.13 
6.78 
5.17 

T^-  G.  Bnnyan ........ 

23.10 
22.55 

22.30 


5.60 
6.14 

6.20 

F.P.  Veitch 

>  Mostly  SIO,. 

3  Results  by  sabtraoting  FosOs  from  iron  and  alnmlna. 
'Jones— Acetate  method. 

4  Precipitated  in  50  co  in  presence  of  citric  acid  by  Am.  salphid. 
*By  nitroao  p  naphthoL 
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The  proliminarj'  work  on  methods  was  done  by  Mr.  F.  P.  Veifcch,  who  got  very 
promising  results  in  some  preliminary  work  by  asing  sodium  thiosulphate  for  the 
determination  of  alumina.  Mr.  Veitoh  got  some  suggestions  from  Blair's  Analysis 
of  Iron  and  Steel  and  one  or  two  other  places,  and  thought  the  reagent  could  be 
used  for  the  present  purpose.  In  later  work  the  method  did  not  prove  all  that 
could  be  desired.     Some  of  the  preliminary  work  done  is  as  follows : 

Prepared  three  solutions,  1  liter  of  which  contained  the  substances  and  amounts  of 
same  as  given  below. 

Composition  of  samples. 


No.  1, 


No.  2. 


16  gma.  Ca,(P04)s. 
0.4  gni.  MgClj. 
0.2  gin.  NaCl. 
0.2  gm.  ECI. 
0.2902  gm.  Fe. 
7.0050  gniB.  Ali(S04)s.l8H/). 


14  gms.  Ca,(PO«),. 
0.2  gm.  MgCls. 
0.2gm.NaOl. 
0.8426  gm.  Fe. 
3.0082  gms.  Al2(S04)s.l8H,0. 


No.  3. 


l.GOO  gms.  CaCls  (fased). 
4.000  gnia.  Na2HP04. 
0.500  gm.  MgCl^ 
0.250  gm.Fc  (wire). 
2  gms.  Alj(S0«),.18H,0. 


Fifty  cubic  centimeters  of  these  solutions  were  used  in  each  case  for  analysis. 
The  acetate  method  was  carried  out  according  to  instructions  given,  except  as  noted. 

Caustic-potash  method. 
Precipitated  in  a  100  cc  flask  with  excess  of  KOH,  let  stand  one  hour  at  70''^,  cooled, 
made  up  to  mark,  filtered,  and  used  50  cc  of  filtrate  for  determination.     Aluminam 
was  precipitated  with  ammonium  acetate  as  AlPOi,  filtered,  washed,  ignited,  and 
weighed.    Iron  was  determined  by  the  permanganate  method. 

Thiosulphate  method. 
Precipitated  according  to  directions  already  given.    Ignited  and  weighed  the  pre- 
cipitate without  treating  it  with  KOH. 

Compai'ison  of  results. 


I      Sohition  No.  1. 


Sohition  No.  2. 


Solution  No.  3. 


Methods. 


Fa,Oj. 


I 


Theory 

Acetate  method : 

Single  precipitation  .. 

Doable  precipitation  . 
Potash  methofl 


Thiosnlphate  method . 


Oram. 
0.0207 

.0262 
.0246 
.0207 
.0200 
.0207 
.0210 


A1,0,. 


Oram. 
0. 0558 

.0560 
.0560 
.0580 

».0535 
».0563 
».0523 
«.0535 


Oram.    , 
0.0602  I 


.0677 
.0597 
.0594 
.0602 
.0504 
.0602 


AlA. 

Fe,0,. 

Al.O,. 

Oram. 
0.0239 

.0240 

Oram. 
0.0179 

(rram. 
0.0159 

.0228 

.0221 

1.0249 

1.0165 

1.0249 

1.0165 

*.0236 

«  0151 

«.0228 

a  0150 

*  Precipitated  in  presence  of  acetic  acid. 

«No  acetic  acid.    Dissolved  in  KOH  and  rcprecipltat<ed. 

NOTES   OF  ANALYSTS. 

T.  S.  Gladding^  ?^€w  York.— The  Gladding  method,  as  published,  was  employed  with 
one  modification,  as  follows:  An  aliciuot,  50  cc,  of  the  solution  (of  4  grams  in  200  cc), 
containing  1  gram,  was  placed  in  a  200  cc  flask,  20  cc  of  50  per  cent  solution  of  c.  p. 
KOH  added,  digested  for  thirty  minutes  in  boiling  water  bath,  cooled,  filled  to 
mark,  mixed,  filtered,  and  100  cc  of  filtrat(s  equal  to  one-half  gram,  treated  as 
directed.  The  complete  analysis  requires  only  from  one  and  one-half  to  two  hours 
when  pump  is  used. 
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C.  Gla$er,  Baltimore, — Have  modified  my  method  as  follows:  (Chem.  Zeit.,  1897, 21, 
No.  69.)  The  solution  of  the  phosphate  is  freed  from  lime  as  much  as  possible 
by  means  of  a  precipitation  by  ammonium  acetate,  or  by  precipitation  of  calcium 
sulphate,  according  to  the  method  of  £.  Glaser.  The  solution,  freed  from  lime, 
in  approximately  neutralized.  After  cooling,  dry  sodium  peroxid  is  added,  in 
»uiall  portions,  until  a  clear  solution  is  obtained ;  from  3  to  6  grams  will  usually 
suffice  on  0.4  gram  of  substance.  Now  boil  for  a  short  time,  let  settle,  and  pour 
through  a  thick  ashless  filter.  In  the  filtrate  determine  alumina,  after  acidulation, 
by  any  convenient  method,  preferably  by  precipitation  twice,  as  AIPO4  (after  the 
addition  of  a  little  pure  phosphoric  acid),  by  means  of  ammonium  acetate. 

The  iron  upon  the  filter  is  dissolved  in  warm,  dilute  HCl,  and  after  purification 
by  first  precipitating  it  with  nitroso-y^-naphthol  or  ammonium  sulph -hydrate,  the 
latter  in  the  presence  of  citric  or  tartaric  acid  in  ammoniacal  solution,  the  precipi- 
tate is  dissolved  in  acid,  oxidized,  precipitated  as  hydrozid,  and  weighed  as  oxid. 

F.  S.  Shiver,  South  Carolina, — Worked  acetate  method  according  to  Bulletin  21, 
page  5,  South  Carolina  Experiment  Station. 

Referee, — ^The  results  are  too  few  by  any  of  the  methods  to  admit  of  much  com- 
parison or  the  drawing  of  very  definite  conclusions.  There  are  more  results  reported 
on  iron  by  the  permanganate  method  than  by  any  other,  and  with  a  few  exceptions 
Ihey  agree  fairly  well.  This  seems  to  be  the  best  method  for  the  determination  of 
iron  in  phosphates.  The  most  promising  method  foi^  alumina,  in  my  opinion,  will  be 
found  to  be  that  of  Gladding— the  potash  method. 

I  would  recommend  that  the  work  bo  continued  next  year. 

Table  V. — Results  of  analyns  of  basic  slag. 


"Available"  byamraoniam 
citrate. 

Analysts. 

i  hour. 

1  honr. 

No.  6. 
Peret 

No.  7. 
Peret 

No.  6. 
Peret. 

No.  7. 

Peret. 

John  Fields,  Okla 

C.  Olaser,  Balto 

*6.67 

«7  37 

*Q.n 

*7.75 

H.E.Cnrti8,Ky 

«5.i3 

<6.62 

S5.O8 

«7.32 

EG.Runyaii,  U.S.Dep. 

6.70 

7.72 

6.53 

8.16 

Agr. 

Huston  andJones,lDd.. 

5.34 

6.10 

5.62 

6.89 

5.39 

6.03 
6.10 
6.12 

5.68 

6.89 

C.  W.  Korris,  Pa 

Veitch,Md 

6.72 

8.93 

7.05 

9.54 

6.61 

9.16 
8.87 

7.09 

9.44 

Available  by 
Wagner's 
method. 


No.  6.      No.  7. 


I 


Per  ct. 
'11.05 
" 11. 05 
Ml.  74 
» 11.74 
Ul.ll 


U1.76 


12.04 
11.97 


»11.11 
>11.15 


Per  ct. 
"  12. 81 
« 12. 89 
214.38 
«14.48 
»13.72 


Solubility  in  1  per  reot  cit- 
ric acid  at  about  20^  C. 


1  hour. 


2  hours. 


'14.34 


24.46 
14.46 


No.G. 

Per  ct. 
6.96 
6.83 
6.88 


7.52 
•7.45 

7.59 
7.52 
7.52 


I 
'  12. 95     »8. 34       »9. 31 

U3. 05  I  •8.22       •9.10 

8.09 

"11.85    "13.90  '»»9.81  I'm. 64 

"11.85    "14.30    •»9.62    '«11.50 

I  "14. 27 

"11.94  '"14.04 


No.  7.   I  No.  6. 

j 

Per  et.  Per  ct. 
7.47  j  7.70 
7.  52       7. 67 


7.52 


8.14 
•7.55 

8.25 
8.44 


7.70 


7.92 
•8.03 


8.09 
7.02 


'•8.73 
98.85 


"9.98 


No.  7. 

Per  et. 

8.56 
8.34 
8.68 


8.78 
•8.74 


9.49 
9.49 


9.67 
9.72 

•012.72 


'0  9.96    'n2.68 
"'12.49 


'Shaken  by  hand  6  times  per  minute. 
'Shaken  by  hand  continuously. 
'Molybdate  nietho«l. 

^Citrate  method  vithont  reprecipitation. 
*By  ditference,  association  average  for  total. 
*  By  difference,  Skinner's  total. 


'At29<>C. 

"At  28^0. 

9  Citrate  method. 

»«203  C. 

"  Koflned  two  hours  for  ctniiplote  precipitation. 
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Table  V. — Results  of  analysis  of  basic  slag — Continned. 


Analyatn. 


E.  G-.  Rniiyan,  U.  S.  Dep. 

Agr. 
Huston  and  Jonea,  Ind  . 


Laaffhlin,  Md. 


Moohanical  analysis. 


Ko.6. 


a 
s 

•8-5 
1 


Peret. 
0.03 


.07 


.00 


"it 

s^ 

5J-5 

>i 

(S^d 

"m 

«,» 

^ 

m 

Oh 

Is 

ii 

Pi 


Per  c«.  Per  c<.  ,  Per  et. 


0.10 


.17 


43.14 


129.84 


66.  K) 


>68.08 


>  31. 11  j  1 60. 02 
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Analysts. 


E.  G.  Runyan,  U.  S.  Dep.  Agr  . 
Huston  and  Jonos,  Ind 


Ycitch  (oliem.)  and  Langhlin  (mechanioal  anal.),  Md. 


Kemoved  by  mac- 
net. 


Total  P,0,. 


No.  6.     I     No.  7.     I    No.  6.     I    No.  7. 
Per  cent.  \  Per  cent    Per  cent. ,  Per  eent. 


1.96  I 
» 13. 13 
MO.  19  I 
*10.06  I 
*11.01  I 


^2.17 


0.83 
M.33 
M.96 
44.39 
«5.46 
«  81. 25 
«81.34 
^1.13 


16.08 
16.20 
16  21 


18.07 
18.21 
18.10 


« 18. 12 


I  Shaking  sieve. 
*  Rubbed  through  with 
camel's  hair  brush. 


*  Dipped  into  slag. 

*  100  times  across  at  1^  mm. 

*  In  contact. 


•Skinner. 

'  Not  in  contact 


The  slags  used  in  these  experiments  were  analyzed  for  me  by  Mr.  H.  C.  Sherman, 
then  of  my  laboratory  staflf,  with  the  following  results: 

Analyses  of  sUig. 


Constituents. 


SiO,  .. 
P.O... 

S 

CO,... 
FeO... 
FeA- 
A1,0,. 
MnO.. 
CaO... 
MgO.. 
H,0... 


Total. 


No.  6. 

No.  7. 

Per  eent. 

Per  eent. 

5.05 

8.10 

J 16. 30 

«18. 12 

.25 

.23 

1.82 

1.29 

13.42 

11.19 

»6.20 

5.61 

1.60 

1.86 

4.84 

4.40 

46.22 

43.58 

1.22 

.81 

.62 

.35 

97.44 

95.73 

_ 

•Veitoh. 


'Skinner.  ^ Based  on  Yeitch's  total  iron. 
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NOTB8  OF  ANALYSTS. 

H,  A,  Huston. — From  the  results  obtained  and  the  observations  made  during  the 
work  I  am  of  the  opinion  that  the  work  with  the  magnet  is  of  very  little  account. 
If  the  magnet  be  allowed  to  come  directly  in  contact  with  the  slag,  practically  all 
of  the  slag  will  adhere  to  the  magnet.  *  *  «  Odor  of  H-^S  was  given  oif  in  all 
cases  npon  uncorking  flasks  after  treating  slag  with  citric  acid  or  acid  citrate. 

Referee. — It  is  also  the  opinion  of  the  referee  that  the  woik  with  the  magnet  is  of 
no  acconnt.  Also  that  the  mechanical  analysis  is  not  of  much  value,  unless,  ]ier- 
haps,  a  system  of  determining  available  might  be  baaed  on  such  determinations, 
taken  in  connection  with  the  determination  of  total  phosphoric  acid. 

The  results  with  the  official  citrate  of  ammonia  are  somewhat  discordant;  also 
those  with  citric  acid.  The  results  by  the  Wagner  method  are  very  good  consider- 
ing the  various  methods  used  for  agitating  the  fliisks.  If  it  appear  that  basic  slag 
gives  as  good  results  in  the  field  as  are  obtained  by  acid  phosphiites  I  think  the 
Wagner  method  is  probably  the  best  we  have  at  present. 

The  referee  has  no  recommendation  to  make,  however. 

The  president  called  for  papers  relating  to  the  analysis  of  matters 
containing  phosphoric  acid. 


E8TIHATI0H  OF  IBON  AITD  ALTJMIirA  DT  HINEBAL  PHOSPHATES. 
By  G.  W.  Lehmann. 

It  is  understood  that  all  reagents  used  most  be  strictly  c.  p.,  and  ashless  filters 
used.  Two  grams  of  substance  are  dissolved  in  sufficient  HCl  and  one  or  two  cc  of 
IINO3.  Evaporate  to  sharp  dryness  on  water  bath.  Take  up  with  a  few  drops  of 
HCl,  filter,  and  make  up  to  250  cc.  Remove  50  cc  (equal  to  0.4  gram  substance)  to 
8-ounce  beaker.  If  only  a  few  drops  of  HCl  have  been  used  neutralizing  is  not  nec- 
essary, as  the  few  drops  are  just  enough  to  hold  the  Ca  in  solution;  should  more 
HCl  have  been  needed,  nearly  neutralize  the  50  cc  with  NH^O.  Add,  carefully,  solu- 
tion of  ammonium  acetate  until  precipitate  forms,  then  add  5  cc  in  excess,  stirring 
vigorously,  and  keep  for  twenty  minutes  at  a  temperature  not  exceeding  1(P  C.  Fil- 
ter, wash  well  with  tepid  water;  dissolve  residue  on  filter  with  warm  dilute  HCl  into 
8-onnce  beaker,  nearly  neutralize  with  NH4O;  increase  volume  in  beaker,  if  neces- 
sary, by  adding  water  to  about  75  cc,  and  add  carefully  in  four  or  five  portions  about 
2  grams  sodium  perozid.  This  quantity  of  sodium  peroxid  will,  in  most  cases,  be 
sufficient  to  render  the  solution  for  a  moment  perfectly  clear  and  of  red-brown 
color.  Place  beaker  on  asbestos  plate  and  boil  at  once  for  two  or  three  minutes, 
when  all  the  Fe203  will  be  precipitated  and  collected  at  the  bottom  of  the  beaker. 
Filter  and  wash  with  hot  water.  To  filtrate,  add  a  few  drops  of  microcosmio  salt 
solution,  add  HCl  until  acid  nearly  neutralizes  with  NH4OH,  add  ammonium  acetate, 
proceed  as  stated  before,  repeat  this  process  a  second  time  with  the  exception  of 
this  time  adding  a  few  drops  of  P.Os  solution  in  place  of  the  microcosmic  salt; 
filter,  incinerate  as  usnal  (AIPO4). 

The  red  FozOa  precipitate  on  filter  is  dissolved  with  warm  dilute  HCl.  Add  to 
filtrate  sufficient  concentrated  citric  acid  solution  to  hold  Fe^O:)  in  solution  (about  5 
cc);  make  strongly  ammoniacal ;  add  about  10  cc  strong  ammonium  sulphid  solu- 
tion, stir  vigorously  for  two  minutes,  allow  to  settle,  filter,  and  wash  very  thoroughly 
with  ammonia  water  to  which  a  little  (NH4)2S  solution  has  been  added  until  every 
trace  of  citric  acid  is  removed.  Dissolve^  the  iron  sulphid  on  filter  with  warm  dilute 
HCl,  add  a  few  drops  of  HNO.?,  boil,  add  NH^OH,  boil  t(»  facilitates  (juick  filtration, 
let  settle,  filter,  incinerate  as  usual  (Fe^Oa).    Time,  about  three  hours. 
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DISCUSSION  ON  BASIC  SLAG. 

Mr.  Huston.  I  would  especially  request  the  referee  that,  in  connec- 
tion with  the  complete  analyses  of  these  slags  which  he  quoted,  he  give 
us  the  minutest  details  of  the  method  of  analysis.  I  have  tried  every 
published  method  wbich  I  can  find  for  the  complete  analysis  of  sla^, 
and  in  the  hands  of  myself  and  my  assistants  they  are  all  absolutely 
worthless.  They  give  manganese  strung  along  over  the  whole  course 
of  analysis,  and  we  have  not  been  abje  to  remove  that  difficulty.  1 
notice  that  no  titanium  is  reported.  One  slag,  at  least,  contains  tita- 
nium, which  interferes  very  seriously  with  the  determination  of  iron  by 
any  volumetric  method.  The  electrolytic  methods  for  the  determina- 
tion of  iron  are  quite  worthless  with  these  materials.  In  fact,  we  only 
disintegrated  our  platinum  electrodes  without  being  able  to  do  any- 
thing with  the  method.  Yet  it  is  only  by  the  electrolytic  method  tbat 
we  have  been  able  to  get  anything  approaching  a  satisfactory  determi- 
nation in  these  slags.  With  that  we  have,  we  think,  got  something 
which  we  can  get  twice  alike,  at  any  rate.  We  have  not  yet  been  able 
to  overcome  the  trouble  with  manganese.  I  would  not  be  surprised  if 
we  found  this  same  difficulty  with  other  phosphates  in  which  iron  is  so 
high  that  it  can  not  all  be  precipitated  as  the  ordinary  phosphate  that 
we  find  in  the  acetate  method.  Here  we  have  much  more  iron  than  we 
are  accustomed  to  meet  with,  and  it  requires  enormous  (juantities  to 
add  to  this  solution  to  precipitate  all  the  phosi)horus,  if  it  be  desired 
to  get  rid  of  it  that  way.  Even  acid  precipitation  with  calcium  sul- 
phate carries  a  large  quantity  of  manganese  with  it  in  this  work.  So 
I  especially  request  that  we  be  given  the  minutest  details  of  the  analy- 
sis of  this  material.  It  is  of  the  utmost  importance  in  connection  with 
the  analysis  of  slag  that  we  should  know  of  what  this  slag  is  composed. 
I  believe  the  percentage  of  manganese  in  these  slags  is  going  to  play 
an  imix)rtant  part  in  connection  with' the  available  x)hosphorus  in  them. 
We  will  finally,  I  think,  have  to  know  with  accuracy  the  composition 
of  these  slags,  and,  so  far  as  I  have  been  able  to  find  methods,  none  of 
them  is  satisfactory. 

In  regard  to  the  matter  of  the  neutralization  of  the  citrate  solution, 
we  have  tried  the  method  spoken  of,  which  is,  as  I  recall  it,  letting 
things  stand  around  for  twenty-four  hours  and  it  is  then  neutral.  The 
first  trial  we  made  of  this  was  highly  satisfactory,  although  I  confess 
we  used  our  calcium  chlorid  method  to  determine  whether  it  was 
neutral,  but  a  number  of  other  trials  was  decidedly  unsatisfactory. 
The  things  were  very  far  from  neutral,  even  with  litmus  paper,  but 
men  who  were  doing  research  work  on  citrate  solutions  in  my  labora- 
tory were  entirely  unwilling  to  work  with  such  solutions. 

Mr.  ScovELL.  We  do  not  claim  that  we  have  any  exact  method  for 
determining  available  phosphoric  acid  in  basic  slag,  but  we  find  we  get 
more  concordant  results  and  a  smaller  percentage  if  we  treat  our  yel- 
low precipitate  at  40^  instead  of  Gd^,    The  old  method  of  heating  the 
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precipitate  was  at  40^  and  we  changed  it  to  65°,  but  if  it  be  heated  at 
40^  it  will  do  better.  In  fact,  I  am  making  some  experiments,  on  which 
I  am  not  ready  to  report,  in  which  we  precipitate  in  the  cold  and  we 
tiud  still  better  results.  It  will  settle  in  five  or  ten  minutes.  I  find 
this  the  quickest  and  easiest  way  to  do  it. 

Mr.  Huston.  I  would  like  to  discuss  a  little  more  this  matter  of  work 
with  a  maf^net  on  these  slags.  I  suppose  the  idea  of  treating  slag  with 
a  magnet  is  to  remove  the  actual  iron  there,  and  I  presume  the  idea 
was  imported  from  Europe  along  with  the  slag.  Xhe  determination  of 
what  is  actually  removed  from  the  slag  by  the  magnet  shows  that  that 
material  contains  from  8  to  12  per  cent  of  phosphoric  acid — the  material 
which  actually  adheres  to  the  magnet.  In  our  method,  the  slag  is  put 
on  a  glass  plate,  and  the  magnet,  which  is  about  the  size  of  a  lead 
pencil,  is  placed  so  that  it  can  not  come  within  1.5  millimeters  of  the 
slag.  It  is  then  passed  over  it  fifty  times  in  one  direction  and  fifty 
times  crosswise.  The  operation  is  tedious,  but  it  works  after  a  fashion. 
Yet  we  found  that  even  with  these  precautions  from  half  to  two-thirds 
of  the  phosphorus  was  removed  by  this  method,  so  I  think  the  use  of 
the  magnet  is  not  at  all  desirable.  I  think  it  should  be  abandoned 
altogether.  The  actual  amount  of  real  metallic  iron  I  think  is  very 
small. 

In  regard  to  the  fineness  of  the  sample,  especially  where  material 
like  bolting  cloth  is  to  be  used,  I  think  very  explicit  directions  should 
be  given  as  to  how  it  is  to  be  used ;  whether  we  are  to  shake  the  mate- 
rial, or  whether  we  are  to  brush  it.  It  makes  a  great  difference  in 
determining  the  fineness,  and  I  believe  we  should  adopt  some  very 
exi>licit  directions. 

The  matter  of  the  solution  of  slags  in  citric  acid  I  think  is  a  rather 
difficolt  one.  As  we  have  already  shown,  in  about  one  and  a  half  to 
two  hours  the  amount  of  phosphorus  dissolved  reaches  a  maximum  and 
afterwards  falls  off  rapidly,  while  the  acid  continues  to  be  neutralized. 
If  we  are  working  at  higher  temperatures  the  maximum  amount  of 
phosphorus  dissolved  is  reached  at  a  much  earlier  point.  In  view  of 
the  very  complicated  composition  of  citrates  of  iron,  it  seems  to  me 
there  is  very  little  hope  of  arriving  at  any  concordant  results  or  any- 
thing suitable  for  a  commercial  method  by  treating  slags  with  citric 
acid,  although  it  has  been  very  strongly  recommended.  This  brings  us 
right  back  to  the  position  that  we  shall  finally  be  forced  to  value  slags 
nx>on  the  fineness  and  total  contents  of  phosphoric  acid.  In  connec- 
tion with  the  method  just  discussed  for  determining  iron  and  aluminum, 
we  would  have  again  to  look  for  the  titanium.  I  believe  that  the  vol- 
ume of  the  solution  has  a  great  deal  to  do  with  the  amount  of  phos- 
phorus removed.  We  have  done  a  good  deal  of  work  on  this  subject. 
It  is  not  final,  and  I  am  not  yet  ready  to  report  on  it.  Dr.  Wiley  has 
his  little  joke  on  me  for  dissolving  slag  in  water;  but  it  is  not  so  funny 
as  it  seems  to  be,  for  a  considerable  quantity  of  h'd^ic  slag  will  dissolve 
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in  water.  I  believe  the  diflference  between  the  official  citrate  we  use 
and  the  Waguer  method  is  very  largely  dae  to  the  relation  between 
the  amounts  of  slag  taken  and  the  volume  of  fluid  used.  It  is  due 
more  to  that  than  to  the  acidity  of  the  solution.  We  can  very  much 
increase  the  amount  of  phosphorus  removed  from  basic  slag  by  the  use 
of  the  official  solution  if  we  simply  add  the  citrate  solution's  own  vol- 
ume of  water  to  it.  We  are  now  working  upon  that,  trying  to  get 
something  a  little  more  definite  than  we  have  already  arrived  at.  I 
believe  it  is  much  more  a  question  of  volume  than  we  have  heretofore 
supposed. 

Mr.  Wiley.  One  remark  made  by  the  referee  I  would  like  to  call 
attention  to,  and  that  is  that  the  efiect  of  the  mechanical  condition  of 
the  slags  is  of  little  importance.  I^ow,  it  seems  to  me  that  with  all 
these  materials,  not  only  basic  slags  but  other  mineral  substances  used 
as  fertilizers,  the  mechanical  condition  is  of  the  greatest  importance,  as 
the  amount  of  surface  which  is  exi)osed  by  the  material  is  of  course 
proportionate  to  the  size  of  the  particles.  The  finer  the  mechanical 
condition,  the  greater  the  surface  exposed.  Now,  the  solubility  of  a 
body  is  to  a  certain  extent  a  function  of  its  surface.  Very  important 
modifications  of  solubility  with  a  given  solvent  are  determined  by  the 
surface  of  exposure.  So  it  seems  to  me  that  that  remark  of  the  referee 
will  bear  criticism.  The  mechanical  condition  of  a  slag  is  one  of  the 
first  things  to  be  determined.  It  is  true  that  slag  particles  when  placed 
in  the  soil  tend  to  rapid  decomposition,  due  chiefly  to  the  slacking  of 
the  lime  they  contain.  It  is  evident,  however,  that  the  finer  the  slag 
is  at  first  the  quicker  will  this  decomposition  take  place.  In  easily 
soluble  substances  the  mechanical  condition  is  of  less  importance.  I 
doubt  not  that  the  function  of  water  as  a  solvent  is  determined  largely 
by  the  surface  of  the  bodies  which  are  exposed.  So  far  as  that  is  con- 
cerned, we  know  that  even  gold  and  platinum  will  dissolve  in  water, 
at  least  if  they  contain  a  little  salt.  Gold  has  been  found  in  solution 
in  the  waters  of  the  ocean. 

I  do  not  know  how  we  are  to  be  sure  that  phosphatic  slag  dissolves 
in  water  alone.  If  I  understand  the  composition  of  basic  slag,  it  has  a 
great  de$il  of  lime  in  it,  and  when  water  is  added  hydrate  of  lime  is 
produced.  The  simple  addition  of  water  to  powdered  slag  does  not 
prove  that  water  is  a  solvent,  because  what  we  have  there  is  hydrate 
of  lime  in  partial  solution. 

This  matter  of  slag  phosphate  is  one  of  the  most  interesting  now 
before  this  association.  We  ought  to  introduce  those  new  things  which 
promise  so  much  benefit  to  agriculture.  I  think  we  have  reached  a 
degree  of  accuracy  in  the  analysis  of  ordinary  nitrogen,  phosphoric  acid, 
and  potash-containing  bodies,  which  is  sufficient  for  all  practical  pur- 
poses, but  here  comes  a  substance  which  presents  some  unusual  pecul- 
iarities. We  have  the  remarkable  fact  presented  that  when  lime  is  in 
this  certain  state  of  combination  it  seems  to  be  peculiarly  assimilable 
by  plants,  and  here  we  are  brought  directly  in  contact  with  the  great 
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point  of  nnion  between  pare  chemistry  and  physiological  chemistry  in 
the  life  of  the  plant. 

I  am  sorry  Congress  saw  fit  to  lay  a  duty  of  $1  a  ton  on  imported 
phosphatic  slags.  All  along  our  farming  interests  have  been  favored, 
and  I  think  justly  so,  in  our  legislation.  The  attempt  has  been  made 
to  bring  in,  free  of  duty,  all  those  substances  which  are  used  for  /erti- 
lizing  purposes.  I  fear  this  duty  will  delay  the  large  introduction  of 
these  phosphates.  We  have  only  one  or  two  mills  in  this  country,  I 
think,  which  are  making  slag  phosphate.  They  are  making  steel  by 
the  basic  process,  and  of  course  are  producing  large  quantities  of  slag, 
which  will,  in  the  coarse  of  time,  be  on  the  market.  Our  members  will 
sooner  or  later  be  brought  into  contact  with  these  fertilizing  materials, 
and  it  may  be  that  there  will  be  i)resented  to  us  problems  different 
from  those  which  we  have  been  engaged  upon.  We  should  not  only 
welcome  the  results  that  have  been  obtained  in  these  matters,  but  the 
referee  for  next  year  phonld  be  instructed  to  continue  the  investigations 
with  regard  to  the  solubility  of  basic  slags  and  to  their  properties  as 
plant  food.  The  experience  of  ten  years  is  not  to  go  for  nothing.  It 
has  been  certainly  proved  that  these  slags  have  a  high  agricultural 
value.  I  would  like  to  see  the  association  push  forward  this  work. 
We  are  not  in  condition  to  adopt  any  method  as  oflBcial.  As  the  results 
show,  the  Wagner  method  has  given  the  most  concordant  results  among 
a  number  of  analysts,  and  we  can  not  do  better  than  hold  on  to  it  as  a 
provisional,  not  an  official,  method.  Later  we  may  reach  a  position 
when  we  can  adopt  an  official  method  which  will  be  enjoined  upon  us 
all,  but  this,  I  think,  is  not  possible  at  the  present  time.  This  whole 
matter  seems  to  me  to  bring  up  a  subject  which  we  must  sooner  or  later 
investigate  to  the  bottom — namely,  the  true  availability  of  phosphatic 
mannre.  Many  statements  and  claims  have  been  made  in  regard  to 
this  matter.  Soft  ground  phosphate  has  been  put  upon  the  markets  of 
this  country  with  the  claim  that  it  is  the  only  natural  plant  food.  On 
the  other  hand,  it  has  been  claimed  that  the  phosphoric  acid  in  ground 
bone  is  worth  nothing  as  plant  food.  Here  ^^  e  have  two  extremes  of 
opinion.  I  know  by  actual  experience  that  soft  ground  phosphate  in 
some  soils  is  efficient  in  feeding  plants,  while  in  others  it  is  practically 
worthless,  and  I  have  a  very  firm  conviction  that  the  phosphoric  acid 
of  ground  bone  is  more  or  less  available  for  the  uses  of  plants. 

Mr.  McDonnell.  What  Mr.  Wiley  says  in  regard  to  slag  is  very 
interesting,  but  I  think  what  I  said  was  not  understood.  I  did  not 
mean  that  it  made  no  difference  whether  the  slag  was  fine  or  coarse, 
but  I  meant  that  if  we  determined  the  availability  of  the  slag  by  treat- 
ing with  some  of  these  reagents,  the  finer  the  slag  the  more  would  be 
dissolved  and  the  availability  would  be  shown  by  the  amount  dissolved, 
without  the  necessity  of  making  a  mechanical  analysis.  If  the  slag  be 
very  coarse,  the  soluble  action  will  be  very  much  less,  depending  upon 
the  amount  of  surface  exposure.  So  I  hardly  thoug'at  it  worth  while 
to  have  both  methods  of  determination  used. 
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The  i>omt  Mr.  Hastx)a  mentioned  about  the  use  of  the  magnet  we 
had  observed  in  our  laboratory  before  we  received  his  report,  and  it 
will  be  noticed  that  in  two  determinations,  Table  No.  5,  made  in  our 
laboratory,  in  the  first  one  we  removed  by  a  magnet  over  81  per  cent  of 
the  slag  (No.  7)  where  the  magnet  was  brought  in  actual  contact  with 
the  substance,  while  when  it  was  held  a  very  short  distance  away  from 
the  substance  only  a  little  over  1  per  cent  was  removed. 

Mr.  Gaines.  Mr.  Wiley  said  in  the  course  of  his  remarks  that  ground 
soft  phosphate  had  been  found  to  act  well  in  certain  soils.  At  the 
Virginia  department  of  agriculture  we  receive  many  samples  of  that 
ground  soft  phosphate,  the  farmers  stating  that  it  is  absolutely  worth- 
less. I  would  like  Mr.  Wiley  to  state  the  peculiarities  of  the  soils  in 
which  soft  phosphate  was  found  to  respond. 

Mr.  Wiley.  I  do  not  know  whether  the  material  could  be  called  soil 
or  not.  It  was  the  peat  or  muck  soils  of  Florida,  extremely  acid  and 
composed  almost  exclusively  of  organic  matter.  In  experimenting  with 
these  soils  in  pots  I  found  I  conld  detect  very  little  diiference  between 
superphosphate  and  soft  ground  phosphate.  They  all  seemed  to  act 
very  happily. 

Mr.  Persons.  In  Florida  we  have  conducted  experiments  that  cor- 
roborate Mr.  Wiley's,  and  tbe  best  effects  were  always  produced  in  soils 
containing  a  large  amount  of  organic  matter.  In  mixing  fertilizers  it 
was  found  that  where  soft  phosphate  was  used  in  the  presence  of  cotton- 
seed meal  the  results  would  seem  to  be  borne  out  there  also.  That  is, 
where  nitrogen  was  used  in  organic  combination,  the  effects  of  the  soft 
phosphate  were  much  more  perceptible.  In  my  mind  that  is  hardly  a 
question  any  more;  it  is  almost  entirely  settled.  If  we  get  good  effects 
from  soft  phosphate  it  is  when  it  is  applied  along  with  one  of  these 
soils  containing  large  amounts  of  organic  matter. 

The  President.  The  fact  referred  to  was  in  the  mind  of  the  Chair 
this  morning,  that  we  might  eventually  bo  obliged  to  classify  methods 
of  determinations  for  agricultural  purposes,  with  relerence  to  the  classes 
of  soils  upon  which  the  fertilizers  were  to  be  applied. 

Mr.  McDonnell.  In  regard  to  the  factor  for  calculating  results  on 
phosphoric  acid,  I  wish  to  mention  that  in  some  sections  I  think  the 
tables  of  Battle  and  Dancy  are  used,  which  give  difterent  results  from 
the  tables  published  by  myself.  On  some  samples  in  this  work  this 
would  make  a  difference  of  0.15  to  0.16  per  cent  between  the  two  tables. 
So  far  as  I  know,  the  association  has  never  adopted  an  official  factor, 
but  left  it  to  each  investigator. 

Mr.  Wiley.  I  move  that  the  portion  of  the  referee's  report  referring 
to  the  different  methods  for  slags  be  referred  to  the  committee,  and 
especially  with  reference  to  the  adoption  of  a  provisional  or  an  official 
method  for  the  guidance  of  our  members  during  the  coming  year. 

Seconded,  and  so  ordered. 

The  meeting  was  then  adjourned  until  Wednesday  morning. 
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SECOND    DAY. 
WEDHESBAY—HORHnra  SESSION. 

The  association  met  at  10  o'clock,  and  the  president  appointed  Messrs. 
Penny,  Van  Slyke,  and  Fulmer  a  committee  on  nominations,  to  report 
at  the  afternoon  session  at  2  o'clock. 

RECOMMENDATIONS  AND  DISCUSSION  OF  METHODS  FOR  PHOS- 
PHORIC ACID. 

The  committee  on  recommendations  presented  the  following  report 
on  methods  of  analysis  for  phosphoiic  acid : 

The  cuiiimittce  recommends — 

(1)  That  the  volnmetric  method  for  detc^rmitiation  of  F:0?,  he  continued  another 
year  as  a  provinional  method,  and  thac  the  referee  for  next  year  be  asked  to  con- 
tinne  work  on  this  method. 

(2)  That  a  continuation  of  the  study  of  methods  of  analysis  of  Thomas  slag  be 
made. 

(3)  In  regard  to  iron  and  nlamina,  that  methods  for  determination  of  these  sub- 
stances in  phosphate  be  further  investigated. 

Mr.  Babtlett.  Referring  to  the  referee's  first  recommendation  in 
regard  to  the  volumetric  method,  tlie  committee,  after  thoroughly  dis- 
cussing this  method  and  talking  with  other  analysts  who  have  had 
experience  with  it,  has  decided  that  it  can  not  recommend  it  this  year 
to  be  adopted  as  an  official  method,  but  does  recommend  that  it  be  con- 
tinned  as  a  provisional  method,  and  that  further  investigation  be  made 
of  it.  This  is  the  volnmetric  method,  either  the  Kilgore  or  McDonnell 
modification. 

Discussion  arose  as  to  whether  " provisional^'  or  "optional''  were 
meant  in  this  recommendation.  Mr.  Van  Slyke  read  the  note  inserted 
in  the  "Methods,"  page  13,  on  this  point. 

The  President.  Would  it  not  clear  up  all  misunderstanding  if  the 
Chair  were  allowed  to  state  the  recommendation  as  follows: 

That  the  committee  recommends  that  the  volumetric  method  remain 
stated,  as  heretofore,  «s  a  provisional  method,  and  it  be  recommended 
for  further  study. 

Mr.  Wheeleb.  Anumberof  members  of  the  association  have  stated 
that  they  have  tried  this  method  and  abandoned  it,  being  unable  to  get 
good  results.  Other  members  have  obtained  at  times  good  results,  and 
at  other  times  poor  results.  Others  claim  they  have  obtained  uniformly 
good  results.  It  seems  to  me  that  so  long  as  there  are  so  many  who 
obtain  poor  results  at  times  or  have  had  to  give  it  up,  it  would  be 
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nowise  for  this  association  to  adopt  it  until  it  has  been  farther  studied 
and  shown  to  be  reliable  in  the  hands  of  the  average  analyst. 

Mr.  ScoYELL.  I  think  none  of  us  wants  to  adopt  a  method  that  would 
not  give  uniformly  good  results  on  all  phosphates.  I  would  hate  to  go 
into  court  and  say  I  had  analyzed  a  fertilizer  by  a  method  I  w^as  not 
certain  of  for  high  percentages.  Both  Mr.  Peter  and  Mr.  Curtis  were 
much  in  favor  of  this  method,  and  they  put  in  a  month's  solid  work. 
But  tliey  failed  with  it.  They  could  not  trust  it  in  high  percentages, 
although  it  worked  very  well  on  low  percentages.  They  tried  it  very 
carefully,  but  it  did  not  always  bring  good  results.  I  believe  the  cause 
is  this,  that  the  precipitate  is  not  uniformly  of  the  same  composition, 
and  I  think  we  will  have  to  study  out  some  method  by  which  the  yellow 
precipitate  will  be  of  uniform  composition.  Until  that  is  done  I  do  not 
•  think  we  can  use  the  volumetric  method  and  get  theoretical  results  every 
time.  It  would  be  unwise  for  this  association  to  adopt  it  as  an  official 
method,  although  it  may  be  adopted  as  a  provisional  method,  and  it  is 
very  worthy  of  further  investigation. 

Mr.  KiLGORE.  The  method  is  certainly  much  more  rapid  than  the 
old  gravimetric  one,  but  I  fully  agree  with  Mr.  Scovell  in  his  remarks 
as  to  its  adoption.  In  the  case  of  this  and  every  other  method  I  should 
very  much  prefer  to  see  that  it  is  thoroughly  all  right  before  we  put  it 
in  the  -'methods." 

The  recommendation  was  thereupon  adopted.. 

Mr.  Babtlett.  The  committee  recommends  that  the  study  of  methods 
of  analysis  for  Thomas  slag  be  continued. 

Mr.  Huston.  I  would  like  to  inquire  whether  this  recommendation 
is  for  phosphates  alone,  or  for  complete  analysis,  which  is  a  very  dif- 
ferent thing.  I  do  not  know  what  the  committee  had  in  mind,  but  I 
hope  it  was  complete  analysis  rather  than  simply  examination  for  total 
phosphoric  acid. 

The  President.  The  Chair  would  rule  that  it  is  not  intended  in  this 
case  to  ex)nfine  the  referee  or  the  association  to  this  i)articular  line  of 
work  (phosphoric  acid). 

The  recommendation  was  thereupon  adopted. 

Mr.  Wiley.  While  I  am  far  from  believing  in  the  so  called  Wagner 
method  as  the  only  and  sole  method  for  analysis,  it  is  evident  that  we 
can  get  comparative  results  by  it.  Would  it  not  be  well  for  the  asso- 
ciation to  recommend  it  as  a  provisional  method  while  this  study  is 
going  on,  in  case  it  is  called  upon  to  examine  these  slags  officially,  as 
it  may  be  before  another  year!  If  these  slags  come  on  the  market 
before  another  meeting,  any  or  all  of  our  members  may  be  brought  into 
contact  with  them  officially,  and  in  that  case  a  provisional  method 
recommended  by  this  association  would  be  the  only  thing  they  could 
rely  upon. 

The  President.  The  committee  will  take  that  matter  into  considera- 
tion and  report  upon  it. 
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Mr.  Huston.  I  would  like  to  say  a  word  on  this  subject.  I  suppose 
we  are  after  the  available  phosphoric  acid  in  this  slag.  First,  have  we 
any  evidence  whatever  in  any  slag  upon  which  any  of  the  members  of 
this  association  have  worked  that  there  is  more  than  one  compound  of 
phosphoric  acid  present!  Is  there  more  than  one  kind  of  phosphoric 
acid  in  itf  Is  that  phosphoric  acid  combined  with  4  molecules  of  lime^ 
or  is  there  some  other  form  than  what  I  suppose  we  will  have  to  call  the 
ortho-phosphoric  acid  at  present?  It  seems  to  me  that  all  the  methods 
which  we  have  or  have  considered  simply  take  out  a  part  of  the  phos- 
phoric acid.  Tbey  do  not  distinguish  between  phosphoric  acid  com- 
bined with  4  molecules  of  lime  and  any  other  form.  This  is  particularly 
true  of  our  present  official  method  with  neutral  citrate.  If  our  official 
citrate  solution  be  merely  diluted  and  100  cc  put  in  100  cc  of  water, 
and  2  grams  treated  with  it,  very  much  more  phosphoric  acid  will  be 
dissolved  from  this  slag.  If  half  a  gram  be  used,  a  still  larger  per  cent 
will  be  dissolved.  In  fact,  this  is  true  for  any  phosphate  outside  of  any 
material  like  hard  rock.  I  think  it  is  very  largely  a  question  of  vol- 
ume, and,  to  some  extent,  of  the  quantity  of  reagent  used.  In  exam- 
ining some  slags,  two  of  which  were  the  association's  samples,  to  see 
if  it  were  possible  to  work  out  any  scheme  by  which  we  could  tell  how 
much  of  this  tetrabasic  phosphate  is  present,  I  have  run  down  some 
slags,  and  if  my  theory  in  the  matter  be  right  all  the  phosphorus  in 
them  is  present  as  the  tetrabasic  compound.  If  this  be  so,  I  do  not  §ee 
why  the  part  which  the  citrate  happened  to  nn'ss  is  not  just  as  good  as 
the  part  which  the  citrate  did  dissolve,  the  trouble  there  being  simply 
that  we  did  not  use  enough  volume  or  did  not  use  fluid  enough  to  keep 
the  resultant  product  in  solution. 

So  I  believe  we  ought  to  exercise  a  little  care  about  adopting  the 
method.  I  realize,  of  course,  that  the  Wagner  method  may  give  higher 
results  than  the  official  method,  but,  notwithstanding  the  fact  that  they 
are  said  to  approximate  agricultural  results,  I  think  we  ought  to  be  a 
little  slow  about  adopting  a  method  for  the  examination  of  these  slags, 
I  think  it  would  be  far  safer  at  present,  with  the  limited  amount  of  slag 
that  there  will  be  on  our  market  and  the  very  uncertain  character  of  it 
as  it  may  come  from  some  of  the  works,  either  to  adopt  the  total  phos- 
phoric acid  as  the  standard,  or  at  least  put  it  beside  the  other.  Neither, 
as  I  understand  it,  is  to  be  the  official  method. 

Mr.  LiNDSEY.  I  want  to  call  attention  to  the  fact  that  Wagner  has 
made  a  great  many  experiments  regarding  the  availability  of  slag  on 
various  kinds  of  agricultural  plants,  and  he  has  shown  that  it  has  a 
certain  degree  of  availability.  Although  I  have  not  given  his  method 
critical  study,  yet  my  impression  is  that  it  corresponds  very  well  with 
actual  results  which  he  got  from  plant  experiments.  If  we  are  going 
to  approve  a  method  for  determining  the  availability  of  phosphoric  acid 
in  material  of  that  kind,  I  believe  Wagner's  method  is  better  adapted 
than  anything  else  that  has  been  provided,  and  it  seems  to  me  wise  tliat 
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we  should  adopt  that  method  provisionally  until  something  better  is 
offered. 

Mr.  Wheeler.  The  i]iJXK)rtant  point  to  consider  is  that  we  are  liable 
to  have  European  slag  ])laced  upon  our  market  before  the  close  of  this 
year.  There  is  much  surplus  sing  in  Europe,  and  they  are  anxious  to 
bring  it  over  here.  If  it  be  analyzed  by  our  citrate  method,  which  we 
have  to  use  under  present  circumstances,  it  seems  to  me  the  farmers  of 
this  country  will  be  led  to  think  that  it  is  less  valuable  for  agricultural 
puri)oses  than  it  really  is.  The  Wagner  method  shows  a  higher  per- 
centage of  available  phosphoric  acid  and  comes  nearer  to  agreeing 
with  actual  experiments  on  plants,  and  there  is  no  reason  why  we 
should  throw  a  wet  blanket  on  this  most  excellent  material.  For  that 
reason  it  would  seem  to  me  much  better  for  the  association  to  use  this 
method. 

The  President.  If  there  be  no  further  remarks,  the  matter  will  be 
considered  as  referred  to  the  committee  on  recommendations. 

Mr.  McDonnell.  Before  we  leave  this  question  1  think  the  methods 
for  determining  iron  and  aluminum  ought  also  to  be  referred  to  the 
referee  on  phosphoric  acid  for  next  year.    I  make  a  motion  to  that  effect. 

Mr.  Kilgore  moved  that  it  be  referred  to  the  committee  on  recom- 
mendations.   Adopted. 

Mr.  Bartlett  stated  that  the  committee  on  recommendations  wns 
an^cious  to  finish  its  work,  and  if  in  order,  would  complete  its  recom- 
mendations on  phosx)horic  acid  with  regard  to  basic  slag. 

Mr.  Lindsey's  motion  that  the  report  be  heard  was  carried. 

Mr.  Bartlett.  This  recommendation  refers  to  the  determmation 
of  phosphoric  acid  in  basic  slag.  Tlie  committee  recommends  that  a 
description  of  the  Wagner  method  be  inserted  in  the  **  Methods''  as  a 
provisional  method  for  determining  phosphoric  acid  in  basic  slag. 
Adopted. 

Mr.  Huston.  I  wish  to  urge  members  to  work  a  little  more  on  slags. 
The  method  calls  for  a  certain  fixed  temperature,  I  believe  15°  or  IT^ 
I  have  learned  from  some  workers  who  come  here  that  they  find  this 
temperature  of  the  Wagner  method  either  impossible  or  very  inconvea- 
ient,  and  that  they  have  departed  from  it.  This  fact  may  have  pre- 
vented others  from  working  on  it,  and  I  wanted  to  say  that  in  basic 
slag  the  question  of  temperature  is  practically  nothing.  If  you  will 
recall  what  I  told  you  last  year,  you  will  see  that  basic  slag  differs  rad- 
ically from  nearly  every  other  known  phosphate  in  tliat  it  makes  very 
little  difference  what  temperature  you  use,  from  4°  to  80°,  so  if  any  of 
you  have  been  prevented  from  taking  up  the  work  by  the  requirements 
of  temperature,  I  will  say  that  the  question  of  temperature  has  practi- 
cally no  bearing  on  the  value  of  the  work  which  you  may  do. 

The  report  of  the  committee  on  recommendations  was  then  called  for. 

Mr.  Bartlett.  The  third  recommendation  of  the  committee  is: 

In  regard  to  the  (letermiuation  of  iron  and  aliiminuni  the  committee  nM^ommends 
that  methodH  for  the  determination  of  these  substanceH  in  baait;  Blag  be  further 
investigated.  ^^  i 
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Mr.  SooTBLL.  I  think  it  \yas  the  intention  that  the  recommendation 
cover  iron  and  aluminum  in  phosphates.  I  move  that  the  report  of  the 
committee  be  so  amended. 

The  amendment  was  adopted. 

The  Pbesibbnt.  The  question  is  now  upon  the  motion  as  amended, 
that  the  study  of  iron  and  aluminum  in  basic  slags  and  phospliates  in 
general  be  continued. 

The  recommendation  was  adopted. 

Mr.  Huston.  What  action  was  taken  in  regard  to  the  Wagner  method 
for  slags?  My  recollection  is  that  it  was  decided  to  publish  the  method, 
in  order  that  all  might  have  an  opportunity  to  try  it  if  they  wished. 
The  most  conspicuous  reason  given  for  publishing  the  Wagner  method 
is  that  it  gives  higher  available  than  our  official  method.  Now,  that 
is  not  a  good  reason.  I  do  not  think  it  is  the  main  reason.  The  main 
reason  is  that  it  has  been  extensively  used  in  Europe,  and  it  is  said 
that  it  approximately  follows  the  results  derived  from  plant  or  pot 
experiments  in  the  use  of  this  material.  It  is  a  matter  of  great  impor- 
tance where  we  publish  that  method.  I  think  we  ought  to  be  very 
careful  not  to  put  it  in  the  official  methods  of  the  bulletin,  but  in  the 
volume  of  the  proceedings.  If  you  get  it  inside  the  covers  of  the 
"Methods,"  labeled  an  official  method,  you  will  never  get  it  out,  and 
you  will  have  no  end  of  trouble  with  i)eople  who  have  slag  to  sell.  It 
is  much  easier  not  to  put  it  in  than  it  is  to  get  it  out.  I  wish  to  guard 
the  matter  carefully.  If  there  be  any  intention  to  put  it  among  our 
ofQcial  methods,  we  had  better  put  it  where  it  will  be  easily  accessible, 
but  do  not  let  it  be  supposed  that  we  have  given  it  our  official  sanction. 

It  was  moved  and  seconded  that  the  action  taken  with  reference  to 
the  Wagner  method  be  reconsidered.  Carried,  and  the  matter  referred 
to  the  committee  on  recommendations. 

Mr.  Persons  asked  for  a  definition  of  '* optional"  and  "provisional," 
as  applied  to  methods. 

The  President.  The  word  provisional,  as  contrasted  with  optional, 
has  tbis  meaning:  That  the  association  is  not  prepared  to  recommend 
officially  a  method  as  official,  but  that  in  the  absence  of  any  method 
with  which  it  is  satisfied  it  suggests  this  as  one  which  may  be  used  for 
the  purpose.  A  member  uses  it  on  his  own  responsibility.  It  is  not 
regarded  as  an  official  method. 

Mr.  Babtlett.  The  committee  recommends  that  a  description  of 
the  Wagner  method  for  the  determination  of  phosphoric  acid  in  basic 
slag  be  inserted  in  the  proceedings  of  the  association,  and  that  a  note 
be  inserted  in  the  "Methods  of  Analysis,"  under  the  head  of  "Phos- 
phoric acid,"  to  the  effect  that  the  Wagner  method  may  be  found  on 
page  72  of  the  said  proceedings. 

Mr.  Huston.  I  think  it  would  be  well  to  make  it  "the  Wagner 
method  for  determining  the  citrate  soluble,"  and  I  move  to  amend  to 
that  effect. 

The  amendment  was  seconded. 
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Mr.  LiNDSEY.  That  is,  merely  publish  it  in  the  proceedings  as 
Wagner's  citrate  soluble  method;  not  as  an  official  or  provisional 
method.  Do  I  therefore  understand  that  we  shall  i^roceed  with  slags 
to  use  the  official  method,  namely,  ammonium  citrate  solution,  for  the 
determination  of  the  available  phosphoric  acid  in  slags!  Do  I  under- 
stand that  to  be  the  sense  of  this  meeting! 

The  President.  In  Bulletin  No.  46  the  general  statement  is,  "Method 
for  the  examination  of  fertilizers,"  and  under  "Determination  of  phos- 
phoric acid"  there  is  nothing  said  with  reference  to  the  source  of  that 
phosphoric  acid,  indicating  that  basic  slag  is  not  included.  In  that 
case  it  would  seem  that  the  official  method  would  remain  the  same  as 
before. 

Mr.  Huston  thought  this  would  depend  largely  upon  the  ruling  of 
the  statutes  under  which  chemists  operated.  In  his  own  State  the 
statute  says,  "soluble  and  reverted  phosphoric  acid."  Each  must 
study  the  statute  in  his  State  and  determine  what  sort  of  ruling  he  can 
make  upon  it. 

Mr.  LiNDSBY.  I  want  to  protest  against  the  official  method,  whether 
you  call  it  soluble  or  available  or  reverted,  for  determining  the  soluble 
and  available  phosphoric  acid  in  Thomas  slag. 

Mr.  Huston.  If  you  look  at  last  year's  proceedings  you  will  find 
that  you  can  use  either  solution  and  get  identical  results  if  you  will 
modify  the  treatment  somewhat.  Our  official  solution  can  be  made  to 
do  just  as  the  Wagner  solution.  It  is  not  in  the  solution;  it  is  in  the 
handling  of  it.  I  am  not  in  favor  of  using  either  one  at  present  on 
Thomas  slag.  I  have  done  a  great  deal  of  work,  which  I  did  not  see 
fit  to  report,  in  investigating  whether  all  phosphoric  acid  in  certain 
slags  is  in  the  form  of  actual  tetrabasic  phosphates.  If  it  is,  I  am  con- 
vinced it  should  all  have  the  same  valuation.  Moreover,  our  climatic 
and  soil  conditions  are  so  diflferent  that  I  do  not  think  we  should  take 
any  steps  toward  adopting  anything  which  is  based  upon  climatic 
conditions  in  Europe. 

The  recommendation  was  adopted  and  the  method  is  given  here. 

(The  amendment  seems  to  have  been  lost  sight  of.) 

Waonkr  Method  for  the  Determixation  of  Phosphoric  Acii>  in  Slags. 

(Principles  and  Practice  of  Agricultural  Analysis,  Vol.  II,  pp.  78-80.) 

Solutions  employed — Ammonium  citrate. — In  1  liter  there  should  l>e  exactly  150  grams 
of  citric  acid  and  27.93  grams  of  ammonia,  equivalent  to  23  grams  of  nitrogen.  The 
followiug  example  illustrates  the  preparation  of  10  liters  of  the  solution :  in  2  liters 
of  water  and  3^  liters  of  8  per  cent  ammonia.  1,500  grams  of  citrio  acid  are  dis- 
solved, and  the  cooled  solution  made  up  exactly  to  8  litei's.  Dilute  25  cc  of  this 
solution  to  250  cc  and  treat  25  cc  of  this  with  3  grauis  of  calcined  magnesia  and 
distill  into  10  cc  of  half  normal  sulphuric  acid.  Suppose  the  ammonia  nitrogen 
found  correspond  to  20  cc  of  fourth  normal  soda  lye.     Then  in  the  8  liters  are 

.       ,20.0x0.0035x8000       _,  ,  .       .  

contained        -         ,,  j, =224  grams  of  ammonia  nitrogen.     I  hen  in  order  to 

secure  in  the  10  liters  the  proper  quantity  of  ammonia  then*  must  be  added  2  liters 
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of  water  containing  230 — 224^6  grams  of  nitrogen,  or  7.3  grains  ammonia;  viz, 
94  cc  of  0.967  specific  gravity. 

Molyhdaie  aoJuiian. — Dissolve  125  grams  of  molybdic  acid  in  dilute  2.5  per  cent 
ammonia,  avoiding  a  large  excess  of  the  solvent.  Add  400  grams  of  ammonium 
nitrate,  dilute  with  water  to  1  liter,  and  pour  the  solution  into  1  liter  of  nitric  acid 
of  1.19  sx>ecific  gravity.  Allow  the  preparation  to  stand  for  twenty-four  hours  at 
35^  and  filter. 

Magnetia  mixture. — Dissolve  110  grams  of  pure  crystallized  magnesium  chlorid  and 
140  grams  of  ammonium  chlorid  in  700  cc  of  8  per  cent  ammonia  and  1,300  cc  of 
water.    Allow  to  stand  several  days  and  filter. 

The  directions  for  determining  the  phosphoric  acid  in  slags  and  raw  phosphates 
soluble  in  citrate  solutions  are  as  follows : 

Five  grams  of  the  material,  as  it  is  sent  into  commerce  without  grinding  or  sift- 
ing, are  placed  in  a  half-liter  flask  and  covered  with  nearly  a  quarter  liter  of  water, 
and  then  200  cc  of  citrate  solution  a<lded,  prepared  as  described  above.  The  flask  is 
filled  to  the  mark  with  water.  The  flasks  are  closed  with  rubber  stoppers  and 
without  delay  placed  for  half  an  hour  in  Wagner's  shaking  apparatus.  On  removal 
from  the  apparatus  the  mixture  is  filtered  and  50*  cc  thereof  treated  with  double  the 
quantity  of  molybdic  solution  at  80^,  and  the  precipitate  separated  after  cooling. 
The  precipitate  is  carefully  washed  with  1  per  cent  nitric-acid  mixture,  after  which 
the  filter  is  broken  anO  the  precipitate  washed  into  a  beaker  with  2  per  cent 
ammonia  and  the  filter  washed  therewith  until  about  100  cc  have  been  used.  If  the 
solution  be  turbid  from  the  presence  of  silicic  acid,  it  should  be  precipitated  a  sec- 
ond time  by  addition  of  molybdic  solution  until  the  acid  reaction  is  restored.  The 
ammoniacal  solution  of  the  yellow  precipitate  is  treated,  drop  by  drop,  with  con- 
stant stirring,  with  15  cc  of  magnesia  mixture,  and  set  aside  for  two  hours. 
The  precipitate  is  collected,  washed,  ignited,  and  weighed  in  the  usual  manner. 
The  direct  precipitation  of  the  phosphoric  acid  by  the  magnesia  solution  in  pres- 
ence of  citrate  is  not  advisable,  because  of  the  almost  general  presence  of  silicic 
acid,  which  would  cause  the  results  to  be  too  high. 

The  chair  at  this  point  introduced  C.  E.  Munroe,  dean  of  the  Grad- 
uate School  of  Columbian  University,  who  welcomed  the  members  of 
the  association  to  the  university  and  made  a  cordial  tender  of  its 
facilities. 

Mr.  Ewell  exhibited  and  explained  a  piece  of  apparatus  he  had 
devised  for  the  determination  of  nitrogen  by  a  modification  of  the 
Schultze-Tiemann  method. 

The  chair  called  for  the  report  of  the  referee  on  soils  and  ash  (Pro- 
fessor Goss).    The  report  was  read  by  Mr.  Wiley,  as  follows: 


BEFOBT  ON  SOILS  AND  ASE 
By  Arthur  Goss,  Referee,  and  Harry  Snyder,  AsBociate  Referee, 

Aa  the  first  step  in  the  soil  work  this  year,  the  following  circular  letter  was  sent 
out  to  the  chemists  of  all  tho  experiment  stations  of  the  United  States  and  to  such 
others  as  it  was  thought  might  be  interested  in  the  work : 

Mesilla  Park,  N.  Mex.,  February  16, 1896. 

Dear  Sir:  The  referees  on  soils  and  ash  for  the  A.  O.  A.  C.  would  be  very  much 
pleased  to  have  you  take  part  in  the  work  this  year. 

In  accordance  with  the  instructions  given  the  referee  by  the  association  at  the 
last  meeting,  the  following  points  will  be  taken  up  in  the  soil  work : 

(1)  A  further  study  of  the  N^5  HCl  method,  outlined  in  last  year's  proceedings  of 
the  A.  O.  A.  C,  for  the  determination  of  available  phosphoric  acid. 
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(2)  A  Btady  of  the  calcium  and  ammoniam  ohlorid  methods,  saggested  last  year, 
for  the  determination  of  available  potash. 

The  above  methods  gave  some  very  promising  results  last  year,  and  it  is  thooght 
that  the  work  this  year  may  be  of  considerable  interest. 

(3)  A  study  of  the  nitrogen  contents  of  the  hnmus  as  a  means  of  determining  the 
availability  of  nitrogen. 

(4)  In  additon  to  the  above  it  has  been  thought  desirable  to  call  for  a  determioa- 
tion  of  total  potash,  phosphoric  acid,  and  nitrogen  in  the  samples,  for  the  purpose 
of  comparison  with  tue  presumably  available  found. 

Through  the  kindness  of  Mr.  H.  W.  Wiley  and  Sir  Joseph  Henry  Qilbert,  arrange- 
ments have  been  made  by  which  samples  of  some  of  the  Kothamsted  soils  will  be 
secured  for  this  work.    The  samples  will  be  distributed  from  Washington. 

The  ash  sample  will  be  of  a  native  New  Mexico  plant  of  common  occurrence.  It  is 
hoped  that  the  ash  work  this  year  may  lead  to  some  much  needed  changes  in  the 
methods  of  analysis. 

Working  directions  will  be  sent  to  those  who  take  part  in  the  work. 
Kindly  notify  the  referee  if  you  desire  the  sauijdes. 
Very  respectfully, 

Arthur  Goss,  Etferte, 

Harry  Snyder,  Aaaociaie  Referee. 

**  Kegrets ''  were  received  from  a  considerable  number  of  <:hemist'«,  and  requests  for 
samples  from  the  following :  H.  A.  Huston,  Lafayettejnd. ;  Harry  Snyder,  St.  Anthony 
Park,  Minn.  ;  G.  L.  Teller,  Fayetteville,  Ark.  ;  F.  W.  Traphageu,  Bozoman,  Mont.; 
W.  R.  Terkins,  Agricultural  College,  Miss. ;  F.  W.  Well,  Madison,  Wis. ;  H.  B.  Bat- 
tle, Raleigh,  N.  C. ;  C.  G.  Hopkins,  Urbana,  III. ;  A.  D.  Selby.  Wooster,  Ohio  ;  J.  A. 
Widtsoe,  Logan,  Utah ;  II.  B.  Hardin,  Clenison  Colle:^e,  S.  C;  E.  F.  Ladd,  Fargo, 
N.  D.;  G.C.  Caldwell,  Ithaca.  N.  Y. ;  Klton  Fulnier,  Pullman,  Wash.;  A.  L.  Emery, 
San  Francisco,  Cal.  ;  Arthur  Goss,  Mesilla  Park,  N.  Mex.  ;  F.  T.  Shutt,  Ottawa, 
Canada. 

Upon  the  arrival  of  the  soil  samples  from  England  samples  were  sent  to  each  of 
the  chemists  requesting  the  same,  accompanied  by  the  following  working  directions: 

Directions  for  Work  on  the  A.  O.  A.  C.  Soil  and  Ash  Samples  for  1897. 

THK    soil    SAMPLKS. 

Should  yon  not  find  time  to  complete  all  the  work  (Mitlined  below,  kindly  report 
such  results  as  you  may  secure. 

Test  all  reagents  used  by  running  blank  determinations  with  at  lea^^t  the  quan- 
tities nsed  in  the  regular  determinations. 

Calculate  all  results  to  the  water-free  basis. 

{IJ  Litmus-paper  ieM. — Test  the  reaction  of  the  soil  with  litmus  paper.  See  Eighth 
Annnal  Report  of  the  Rhode  Island  Experiment  Station,  pages  232  to  28(). 

(J)  Determination  of  moittture. — L'se  the  official  method,  page  :S8,  Bulletin  No.  46, 
Division  of  Cliemistry,  Unite<l  States  Department  of  Agriculture. 

(5)  Determination  of  phosphoric  acid  by  treatment  with  X/o  HCl. — Prepare  a  N/5  solu- 
tion of  HCl  by  titrating  against  a  standard  KOH  solution  containing  little  or  no 
carbonate.     Use  phenol plithalein  as  the  indicator. 

(o)  Digest  20  ^rams  of  soil  with  200  cc  of  the  N/5  acid  in  a  water  bath  kept  at  40"  C. 
for  exactly  live  hours.  Filter  off  the  solution  through  a  dry  paper  until  clear,  and 
titrate  20  cc  of  the  filtrate  with  standard  carbonate-free  KOH  solution,  using  phe- 
nolphthalein  as  the  indicat4)r.  From  the  data  thus  secured  calculate  the  amount  of 
HCl  necessary  to  be  added  so  that  the  solution  ma3'  be  N/5,  after  allowing  for  the 
acid  neuttalized. 

(ft)  Transfer  100  grams  of  the  soil  to  a  half-gallon  glass-stoppered  bottle  or  other 
similar  vessel,  and  add  exactly  1,000  cc  of  N/5  HCl,  corrected  for  neutralization  as 
in  (rt),  (See  last  year's  Proceedings.)  Place  bottle  in  a  large  water  V)ath  (a  metal 
washtub  will  answer)  and  keep  at  a  temperature  of  40-  C.  for  exactly  five  hours, 
shaking  thoroughly  each  half  hour.  At  the  end  of  the  digestion  shake  contents  of 
bottle  well  and  pour  quickly  upon  a  large,  dry,  ribbeil  filter  of  two  thicknesses  of 
paper  and  of  sufficient  size  to  receive  the  entire  contents  of  the  bottle.  The  filtrate 
is  to  be  received  in  a  dry  vessel  and  the  solution  poured  back  through  the  paper 
until  entirely  free  from  soil  particles.  Evaporate  .'^00  cc  of  the  filtrate  to  dryness  in 
a  porcelain  <lish  after  adding  a  few  cc  of  nitric  acid  to  oxidize  organic  nuitter,  moi.sten 
the  residue  with  HC-1.  take  up  with  water,  and  filter  into  a  flask  of  about  450  cc 
capacity.  Add  15  ^rams  of  ammonium  nitrate  in  solution,  add  strong  ammonia  until 
a  permanent  precipitate  forms,  and  then  concentrated  HNO3,  until  the  precipitate 
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dissolves.  Dilate  the  solution  to  aboat  100  oc  if  not  already  to  that  volume,  heat 
to  85*^  C,  add  75  cc  of  recently  prepared  molybdate  solution,  digest  in  a  water  bath 
at  80°  for  fifteen  minutes,  with  occasional  shakings,  and  continue  the  determination 
as  given  in  Bulletin  No.  43  of  the  Division  of  Chemistry,  United  States  Department 
of  Agriculture,  pages  58  to  60. 

(4)  Delerminaiion  of  potash  by  treatment  with  alkaline  ammoHium  chlorid  (Huston). — 
Make  up  an  N/20  solution  of  ammonium  hydrate  by  titrating  against  standard  acid, 
using  cochineal  as  the  indicator,  and  dissolve  10.68  grams  of  c.  p.  crystalline  NU4C1 
in  each  liter  of  the  same. 

Digest  100  grams  of  soil  with  1,000  cc  of  this  solvent  exactly  as  under  (1).  Evap- 
orate 500  cc  of  the  filtrate  to  a  small  volume  in  a  porcelain  dish,  transfer  to  a  good- 
sized  platinum  dish,  add  one-half  cc  of  concentrated  11^804,  and  finish  the  evaporation 
over  t-lie  water  bath.  Heat  in  the  air  bath  at  140^  to  150^  C.  until  danger  from  pop- 
ping is  past,  ignite  off  the  ammonium  salts  and  organic  matter,  and  continue  the 
determination  by  the  Lindo-Gladding  method. 

(5)  Determination  of  potash  by  treatment  with  N/h  CaCis  solution, — Prep/»re  an  N/5  solu- 
tion of  CaCli  by  dissolving  the  c.  p.  salt  in  distilled  water  and  titrating  against 
standard  AgNOn  solution,  using  potassium  chroma te  as  the  indicator. 

Digest  100  grams  of  soil  with  1,000  cc  of  this  solvent  for  five  hours  at  40^,  exactly 
as  under  (1).  Evaporate  500  cc  of  the  filtrate  to  dryness  in  a  porcelain  dish  after 
adding  a  few  cc  of  HCl  and  HNO3.  Take  up  with  water,  add  ammonium  hvdrate  to 
alkaline  reaction,  and  precipitate  lime,  etc.,  with  ammonium  carbonate  and  oxalate. 
Filter,  add  one-hulf  cc  of  concentrated  HjSO^  to  the  filtrate,  and  evaporate  to  dry- 
ness in  a  large  platinum  dish.  Thoroughly  dry  in  the  air  bath  at  140"^  to  150^  C.  to 
prevent  popping,  ignite  off  the  ammonium  salts,  and  continue  the  determination  by 
the  Lindo-Gladding  m.-thod. 

(6)  jyetermination  of  humus. — Weigh  out  either  5  or  10  grams  of  soil  into  a  200  cc 
wide-month  glass-stoppered  bottle.  Add  150  cc  of  a  1  per  cent  solution  of  HCl.  If 
the  soil  contain  more  than  1  per  cent  of  CaO,  then  a  2  per  cent  solution  of  HCl  may 
be  used.  Place  the  stopper  in  the  bottle  and  shake  vigorously.  After  allowing  the 
acid  to  act  on  the  soil  lor  five  or  ten  hours  the  solution  is  decanted  into  a  filter,  a 
fresh  quantity  of  100  cc  of  acid  Is  added,  and  after  about  two  hours  action  it  is  also 
decanted  and  the  contents  of  the  bottle  transferred  to  the  funnel.  Tbe  soil  in  the 
funnel  is  washed  with  the  dilutf^  acid  until  no  reaction  for  CaO  is  obtained,  and 
then  with  distilled  water  until  the  washings  are  only  slightly  turbid  with  AgNOs. 
After  receiving  the  above  treatment  the  soil  is  transferred  from  the  funnel  to  the 
stoppered  bottle,  using  150  cc  of  a  3  per  cent  solution  of  ammonia.  The  bottle  C(m- 
taiuing  the  soil  and  ammonia  solution  is  occasionally  shaken,  and  after  eight  or  ten 
hours  the  solution  is  decanted  into  a  500  cc  measuring  fiask.  A  fresh  quantity  of 
100  CO  of  ammonia  is  added  to  the  soil  in  the  wide-mouth  bottle,  and  after  acting  on 
the  soil  for  three  or  four  hours  it  is  decanted  and  added  to  the  first  extract.  After 
the  third  extraction  the  extract  usually  becomes  nearly  colorless.  After  the  fourth 
extraction  the  extract  of  the  humus  solution  in  the  flask  is  made  up  to  500  cc,  and 
shaken  well.  After  allowing  about  an  hour  for  the  contents  of  the  liask  to  settle,  a 
50  cc  portion  of  the  filtered  humus  extract  is  evaporated  to  dryness  in  a  tared  platinum 
dish.  After  drying  in  either  an  air  or  water  bath,  preferably  an  air  bath  at  101^  or 
102^  (on  account  of  the  tenacity  with  which  the  humus  retains  water),  the  dish  with 
the  humns  materials  is  weighed,  then  ignited  and  weighed  again,  the  loss  of  weight 
being  calculated  as  humus. 

(7)  Nitrogen  content  of  the  humus. — First  treat  5  or  10  grams  of  soil  with  dilute  HCl 
in  the  same  way  as  for  the  humus  determination,  then  extract  the  soil  with  a  3  ]>er 
cent  solution  of  NaOH  in  the  same  way  as  the  ammonia  extraction.  Two  hundred 
cc  of  the  filtered  solution  are  evaporated  nearly  to  dryness  in  a  Kjeldahl  distillation 
flask,  after  first  making  the  solution  acid  with  H:S04.  The  remainder  of  the  acid  is 
added,  and  the  nitrogen  determination  is  completed  in  the  usual  way. 

(8)  Determination  of  total  nitrogen. — Use  the  method  outlined  on  page  2  of  Circular 
No.  2,  Chemical  Division,  United  States  Department  of  Agriculture. 

Nitrates  are  not  to  be  included. 

(9)  Determination  of  total  phosphoric  acid. — Use  the  method  outlined  on  page  6  of 
Circular  No.  2,  Chemical  Division,  United  States  Department  of  Agriculture.  Also 
see  bulletins  of  the  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
No.  43,  pages  58  to  60,  and  No.  47,  pages  50  to  57. 

(10)  Determination  of  total  potash. — Use  the  J.  Lawrence  Smith  method  given  in 
Crook's  Select  Methods,  second  edition,  pages  28  to  40. 

The  ash  sample. — The  ash  is  of  Tomillo  wood  (Prosopsis  pubescenSj  Benth). 
Analyze  by  the  association  method.    See  Bulletin  No.  46,  Chemical  Division,  United 
States  Department  of  Agriculture,  pages  43  to  45. 
Please  report  suggestions  as  to  changes  in  the  methods  of  analysis. 
BespectfuUy, 

Arthur  Goss,  Referee. 

Harry  Snydkk,  Asnociate  lieferee. 
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Up  to  <^ate  the  following  results  on  the  soil  samples  have  been  received: 
Table  No.  l.—Soil  samples,     Resalte  calculated  water-free. 


Sample  No.  1.— Gilbert  mark  W3.    Wheat  continuously  for  53  years 
without  any  manure. 


Aiial^'Hts. 


1 


C.  C.  Moore,  U.  S.  Dept.  Agr I 

T.  C.  Trescot,  U.  8.  Dept.  Agr  . . .    t 

A.M.Peter,Ky i      1. 


M 

0 

'?g 

^i. 

in 

35 

^f^ 

s| 

^1^ 

|3 

n^ 

u 

£-- 1 

^ 

II 


^       e^ 


SS 

i" 

•4  b! 

ja  M 

«■£. 

-SS. 

»«  . 

^« 

ixS 

l^g 

t^:S« 

OHO 

■z-^^ 

f^^ 

41.5 


43.7 


L.  M.  Bloomfleld,  Ohio 

John  Thompson,  S.  C |  Neutral. 

Elton  Fulmer,  Wash 

J.  F.  Moore,  Ark 

Harry  Snyder,  Minn 

R.F.Hare,N.M Alkaline. 

Artliur  Go«8,  N.  M Alkaline. 


1.66 
1.41  ! 
1.65 
1.75 


2.30 


0.09 


.11 
.12 


3.29 : 

1.47 


2.64 
4.92 


I 


45.2 
44.2 


.094 
.10 


0.088         1.58 


3.17 


3.17 


Average Alkaline.!      1. 60 


43.7  , 


.102  1 


2.16 


2.93  I 


3.17 


Sample  No.  2.— Gilbert  mark  B2A.  Fertilized  for  53  years  with 
200  pounds  ammonium  salts  and  350  pounds  superphosphate  jKir 
annum. 
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ized by  preliminary 
digestion. 

11 

u 

a 

B 

d 
.q 

_l_ 

2.19 

Per  cent  N  in  humus, 
with     3     per    cent 
KOH. 

C.  C.  Moore,  U.  S.  Dept.  Agr 

38.5 

T.  C.  Trcscot,  U.  S.  Dept.  Agr 

1 

0.10 

1.10 

A.M.Peter,Ky 

1 

1.78 
1.68 
1.65 
1.88 
2.03 



34.5 

L.  M.  Bloomfleld,  Ohio 

.12 
.,2 

2.93 
2.38 

2.41 
3.14 

John  Thompson, S.C 

Elton  Fulmer,  Wash 

Neutral. 

J.F.Moore,Ark    

' 

Harry  Snyder,  Minn  ,-.,..,.,., 



.101 

.11 

0.095 

..  ....      --  

1.82 

3.00 

3.00 

B.F.Haro,N.M 

Alkaline. 
Alkaline.. 

1.87 

35.7 
35.1 

Arthur  Goss,  N.  M 

Average 

Alkaline. 

1.81 

35.9 

.110 

.095 

2.33 

2.4K 

3.00 
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Table  No.  2. — Soil  samples — BenulU  calculated  water-free. 


Sample  Nu.  J.— Gilbert  mark  W  3.     Wheat  continnously  for  53  years 
without  any  manure. 


AnalystA. 


o  S 


I  =5,   f^a 


I 


p 


I  o 


C  C.  M«>o~c.  U.  S.  Dept.  Agr. .    0.13 

A.M.reUT,Ky » 

L.M.BIoomflo!d, Ohio  ....-.-. I    .10    I 

John  ThomiMion. S. C 1  '.03 

Elton  Fuhner,  Waah 

J.F.Moore,Ark 12 

Harry  Snyilcr,  Minn 12 

R.F.Hare,N.M .13 

Arthur  Go««,  N.  M '    .11 


'0.12 


Average . 


.118 


"0.008  ; 1.21 

.004  I  »0.003  I ' 

.003  I :    .97  I 

.000  ' '  1.42  ' 

.002  ' 

.003  I ' 

.004  ' 


1.38 


.12       .0039 


.003     1.20     1.38 


•OS. 

8^ 


0.012 
.008 
.017 
.010 


8^ 


0.014 
.006 
.020 
.007 

>.029 
.006 


5 
MS 


CO 


1^ 


o.oio 


0.019 


.0110     .010  I 


.019 


Sample  No.  2.— Gilbert  mark  B2A.     FertilisMxl  for  53  veMrs  with  200 
pounds  ammonium  salts  and  33U  ponndfi  naperphosphate  per  annum. 


Analysts. 


II 

111 


©  ?  fl 


t^ 


6i 


Id 

31 

^^ 
? 


2a 


(J.r.Moore.U.S,l>ept.Agr..    0.20     0.033 

AM.  Peter,  Ky |  ■.03P 

L-M.Bloomfiild,Ohio    21      '.027 

John  Thompson,  S.  C ».09    , 037 

Elton  Fulmer.  Wash '.054 

J.  F.  Moore.  Ark 18     .038 

Harry  Snyder,  Minn 16     20.16      .033 

R.F.Hai-e.N.M 18     ] 

Arthur  Gos8,N.M .17     '    .037 


so.  020  ' 


1.35     1.30 


0.009 
.005 
.020 
.009 
.051 


i^ 


0.012 
.003 
.013 
.005 


AYorage. 


.183 


.16       .0357         .029  I  1.29  I  1.30       .0188       .0007 


5    o6 


0.010     0.017 


.016       .017 


■  Not  included  in  tlie  average.  '  Molybdato  precipitate  made  at  6j^. 

*  Molybdate  precipitate  made  at  40^'  in  four  hours. 

For  the  plio8i>horic  acid  and  nitrogen  work,  tbe  soil  samples  sent  oat  were  prob- 
ably the  best  that  could  have  been  secured.  The  great  length  of  time  that  the 
Rothamsted  experiments  have  been  in  programs  has  made  the  field  data  with  which 
to  compare  the  analytical  results  thoroughly  reliable. 

For  the  potash  work,  it  would  have  been  better  to  have  sent  out  another  sample, 
which  had  been  fertilized  with  potash,  to  be  used  in  connection  with  No.  1,  which 
has  received  no  fertilizer.  Neither  of  the  samples  sent  out  has  received  any  potash 
daring  the  last  fifty-three  years  of  continuous  cropping.  This  point  was  discovered 
by  the  referee  too  late  to  be  rectified;  so  about  all  that  ha.s  been  secured  this  year 
in  the  potash  work  is  a  comparison  of  results.     In  order  that  the  results  of  this 
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year  may  be  made  more  valuable,  it  wouhl  probably  be  well  to  seod  out  one  of  the 
Rothamsted  samples  next  year  that  has  been  fertilized  Avith  x>otasli  salts. 

It  was  thought  by  the  referees  that  more  could  be  accomplished  by  dividing 
the  work.  Mr.  Snyder  very  kindly  consented  to  take  charge  of  the  nitrogen  work, 
and  to  him  credit  for  the  same  shonld  be  given.  He  makes  the  following  comments 
upon  that  part  of  the  work : 

There  is  only  a  very  slight  difference  in  the  total  nitrogen  content  of  the  two  soils. 
A  marked  difference  could  not  be  expected  because  there  has  been  no  residual  nitro- 
gen to  be  added  to  the  total  nitrogen  originally  present  in  the  soil.  The  ammonium 
salts  not  utilized  by  the  crops,  according  to  the  Rothanisted  reports,  have  never 
accumulated  in  the  soil  for  the  succeeding  crops.  Our  results  are  in  accord  with 
this- fact.  A  marked  difference  in  the  amount  of  humus  in  these  two  soils  could  not 
be  expected,  because  humus-forming  manures  have  not  been  used.  The  nitrification 
and  oxidation  of  the  humus  in  these  two  soils  during  the  successive  years  of  culti- 
vation have  nndoubtedly  been  quite  uniform.  Soil  No.  2,  although  it  has  received 
an  annual  dressing  of  ammonium  salts,  is,  according  to  tiie  results,  deficient  in  nitro- 
gen. This  is  in  accord  with  the  field  results,  because  remunerative  crops  can  not  bo 
obtained  without  the  continued  use  of  ammonium  salts  on  the  plot.  On  this  point 
the  field  results  and  analytical  results  agree.  The  per  cent  of  nitrogen  in  the  humus 
from  both  plots  is  low — much  lower  than  the  amonnt  usually  found  in  soils  that  are 
well  stocked  with  available  nitrogen. 

The  humus  results  of  the  different  analysts  do  not  agree  as  closely  as  th^y  should. 
This  is  partially  due  to  an  imperfection  in  the  method,  which  can'nndoubtedly  be 
remedied — that  is,  obtaining  a  clear  filtrate  with  the  ammonia  treatment.  If  a  clear 
filtrate  is  not  obtained,  hydrated  clay-like  particles  are  present  in  the  hnmus  residue 
when  it  is  ignited,  which  gives  too  high  results.  I  do  not  think  the  humus  methods 
have  been  tried  by  a  sufficient  number  of  analysts  to  entitle  them  to  a  place  as  offi- 
cial methods.  Thie  results  are  encouraging,  and  with  improvements  in  the  methods, 
and  their  application  to  a  greater  variety  of  soils  known  to  be  deficient,  and  well 
supplied  with  available  nitrogen,  a  safer  conclusion  can  be  reached  regarding  their 
value. 

It  may  also  be  added  that  the  results  on  total  nitrogen  agree  very  well,  and  seem 
to  indicate  that  the  association  method  for  that  determination  is  now  about  all  that 
could  be  desired. 

Undoubtedly  one  of  the  most  important  features  of  the  work  this  year  has  been 
that  on  the  availability  of  i)ho8phoric  acid  as  determined  by  treatment  w^ith  N/5  HCI. 
The  difference  between  the  two  soils  has  been  brought  out  in  a  very  striking  manner 
by  this  solvent.  In  every  case  the  results  agree  with  the  known  facts  in  saying  that 
sample  No.  2  has  a  much  larger  amount  of  available  phosphoric  acid  than  No.  1. 
With  one  or  two  exceptions,  the  results  by  the  different  analysts  agree  very  well — 
quite  as  well  in  fact  as  could  be  expected  with  a  new  method. 

Sample  No.  2  having  received  350  pounds  of  superphosphate  per  annum  for  more 
than  fifty  years,  would  naturally  be  expected  to  contain  considerably  more  available 
phosphoric  acid  than  No.  1,  as  the  amount  applied  has  been  greatly  in  excess  of 
the  amount  removed  by  the  crops.  There  has,  in  fact,  been  so  much  added  that  the 
difference  is  seen  in  the  totals.  In  every  case  a  larger  amount  of  total  phosphoric 
acid  has  been  found  in  No.  2  than  in  No.  1.  It  will  be  observed,  however,  that  the 
dilute  acid  very  much  magnified  the  difference  in  phosphoric  acid  content  between 
the  two  soils.  While  the  ratio  between  the  average  totals  from  the  two  soils  is  1  to 
1.55,  the  corresponding  ratio  from  the  N/5  acid  is  1  to  9.16. 

As  a  further  check  on  the  N/5  HCI  method,  through  the  kindness  of  Mr.  Wiley  and 
Sir  J.  H.  Gilbert,  samples  from  a  number  of  the  Kothanisted  Broadbalk  wheat-field 
plots  were  secured,  and  both  the  total  phosphoric  acid  and  that  soluble  in  N/5  HCI 
determined. 

The  results  secured  are  given  in  Table  No.  8. 
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Table  No.  S.—JResulU  calculated  water  free, 
iRothamsted  soil  Bamplea— Broadbalk  wheat  field.] 


No  i)ho8phate8  added  for  53  years. 


I   Fertilized  with  350  pounds  superphosphate  per 
auQuiu  for  53  jeara. 


Reaction   Per  cent    Per  cent    t>-_^_*.  I 
Gilbert        with       moisture  total  P»Oft /n  ^JIV ,   Gilbert 


Reaction  1  Per  cent    Per  cent 


mark. 


litmus 
paper. 


(five 
hoars). 


i92S.  5.?5a"    ■"->'• 


method). 


-I- 


with 
litmus 
paper. 


moisture  total  }\Os  ^fT  ^."^. 
I     (Ave     I     (Goss     yS'^JV 
hours),    method).   ^/^  ^^^- 


W3 

Alkaline , 

1.50 

0.11 

0.005 

B3A 

Alkaline 

1.43 

.11 

.003 

BIA 

Alkaline' 

1.81 

.11     1 

.002 

WIOA... 

Alkaline  1 

1.75 

.10 

.004 

At  -. 

1.65 

.108  ' 

.0035 

1 

1  B4A.... 

Alkaline 

1.63 

0.19 

B2A.... 

Alkaline 

1.87 

.17 

W'U.... 

Alkaline 

1.77 

.18 

W13  .... 

Alkaline 

1.82 

.19 

Av  .. 

..77 

.183 

Il 

0.034 
.037 
.043 
.045 


By  referring  to  the  table  it  will  be  spen  that  the  analytical  results  check  with 
the  known  facts  in  every  instance.  Wliile  there  is,  in  every  case,  a  difference  in 
amonnt  of  total  phosphoric  acid  between  the  plats  receiving  phosphatic  fertilizers 
and  those  not  receiving  the  same,  this  difference  is  greatly  magnified  in  the  results 
secured  with  the  N/5  acid.  The  ratio  between  the  average  totals  is  1  to  1.7,  while 
the  corresponding  ratio  for  the  N/5  llCl  is  1  to  11.4. 

Through  the  kiuduess  of  Messrs.  Frear  and  Armsby,  two  composite  samples  from 
the  Pennsylvania  Experiment  Station  fertilizer  plats  were  also  secured.  These 
samples  were  analyzed  in  the  same  way  as  the  Rothamsted  samples  recorded  in  Table 
Ko.  3.    The  results  secured  are  given  in  Table  No.  4. 

Table  No.  4. — Eeaults  calculated  water  free. 
[Pennsylvania  Experiment  Station.    Soil  8am]>le8  from  Tier  I,  general  fertilizer  series.] 


Sample  I.— From  plats  1,  8,  14,  24,  36.    No  fertil- 
izer  added  for  16  years. 


Sample  1 1.— From  plats  11,21.  A  total  of  384 
pounds  phosphoric  acid  per  acre  added  in  16 
years. 


lU^action  with  lit- 
mus paper. 


I  Per  cent  I  Per  cent  I  p  .  ] 

moisture  total  P.oJiJ  f[^^"*j 

'  -(five  I  (Gpss  r/.^*^iY; 


hours),     method). 


Neutral. , 


I 


1.12 


Reaction  with  lit- 
mus pajier. 


Per  cent 
I  moisture 
'      (five 
I    hours). 


to^lPoN*«'-^«"t 
m&.'^V5HCl. 


0.09 


0.0046  I    Neutral. 


I 


0.13 


Dr.  Frear  states  that  the  unfertilized  plats  have  been  proved  deficient  in  available 
phosphoric  acid,  as  adjacent  plats  have  responded  c^uite  freely  to  the  application  of 
phosphates.  By  referring  to  the  table,  it  will  be  seen  that  but  a  small  amonnt  of 
phosphoric  acid  was  secured  from  the  Bami)le  from  the  unfertilized  plats,  an  amount 
about  the  same  as  that  secured  from  the  Rothamsted  plats  receiving  no  phosphates, 
while  nearly  twice  as  much  was  obtained  from  the  plats  which  had  received  384 
pounds  of  phosphoric  acid  per  acre  in  sixteen  years.  This,  it  appears  to  me,  is 
again  in  accordance  with  the  facta  in  the  case.  It  will  be  noted  that  only  a  com- 
paratively small  amount  of  phosphoric  acid  was  added  to  the  fertilized  plats,  an 
amonnt  equal  to  but  24  i)ounds  per  acre  per  annum.  It  is  no  doubt  tnie  that  a  con- 
siderable portion  of  this  was  removed  in  the  increased  crops  secured  by  the  use  of 
the  complete  fertilizer  employed,  so  that  one  would  not  expect  a  very  great  increase 
of  available  i)ho8phoric  acid  in  the  sixteen  years  that  the  experiments  have  been  in 
progress. 

The  above  evidence,  added  to  that  secured  last  year,  would,  it  seems  to  me,  justify 
ns  in  strongly  recommending  the  N/5  HCl  method  for  phosphoric  acid  for  adoption  as 
an  official  method  of  the  association. 
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Thcn^  lire  one  or  two  poiDts  in  the  method  as  it  stands  at  present,  however,  that 
should  be  changed  before  it  is  adopted. 

Mr.  Peter  has  called  attention  to  the  fact  that  all  of  us  who  have  worked  with  the 
samples  this  year  have  doubtless  observed  that  the  final  precipitate  from  the  soil 
deficient  in  phosphoric  acid  is  extremely  small.  Tliis  necessitates  exceptionally 
careful  work  to  avoid  error.  While  this  precipitate  is  still  many  times  larger  than 
the  gold  bead  secured  in  the  ordinary  gold  assay,  still  I  agree  with  Mr.  Peter  in 
thinking  that  it  would  be  conducive  to  more  uniform  results  to  increase  the  size  of 
the  precipitate  by  increasing  the.  amount  of  the  soil  tak<;n  in  the  case  of  soils 
thought  to  be  low  in  available  phosphoric  acid,  and  shall  therefore  make  that 
ri  commendation. 

It  has  been  thought  by  one  or  two  that  the  short  time  allowed  in  the  method  for 
the  formation  of  the  yellow  precipitate  is  not  sufficient,  in  the  case  of  such  small 
amounts  of  phosphoric  acid  as  are  present  in  soils  deficient  in  that  substance. 
While  the  referee  very  strongly  believes  the  contrary,  based  on  results  from  a  large 
number  of  experiments,  conducted  for  the  purpose  of  settling  that  point,  a  con- 
siderable number  of  which  has  been  reported  in  the  A.  O.  A.  C.  proceedings  in  the 
past,  still,  as  it  can  do  little  harm  for  the  yellow  xirecipitate  to  stand  longer  than 
ten  minutes  at  80^,  it  might  be  well  to  7iiake  the  directions  read :  Allow  to  stand  not 
less  than  teil  minntes  after  removing  from  the  80"^  bath.  This  will  permit  those  who 
have  doubts  on  the  above  point  to  allow  the  precipitation  to  proceed  over  night  if 
desired. 

In  the  preliminary  digestion  to  determine  the  amount  of  acid  neutralized  by  the 
soil,  it  is  quite  unnecessary  to  take  as  much  as  20  grams  of  soil  and  200  cc  of  acid. 
Half  these  amounts  is  ample. 

Mr.  Moore,  of  the  United  Stat-es  Department  of  Agriculture,  seemsto  have  mistaken 
the  intention  of  the  referee  in  that  instead  of  increasing  the  strength  of  the  N/5 
acid  sufficiently  to  allow  for  the  acid  nentralizad  by  the  soil  and  keeping  the  volume 
the  same,  he  secured  the  increased  amonnt  of  acid  by  taking  a  larger  volume  of  N/5 
acid.  This  point  should  ]ierhaps  be  a  little  more  definitely  brought  out  in  the  direc- 
tions. It  seems  to  the  referee  to  be  more  conducive  to  concordant  results  to  use 
the  same  volume  of  solution  in  each  case. 

]{y  having  a  large  stock  solution  of  normal  or  half  normal  HCI  on  hand,  it  is  very 
little  trouble  to  calculate  the  number  of  cubic  centimeters  of  the  same  and  the  num- 
ber of  cubic  centimeters  of  water  necessary  to  be  used  to  make  a  liter  of  acid  of  the 
desired  strength.  For  the  preliminary  digestion  all  that  is  necessary  is  the  N/2HCI 
used  by  many  in  the  nitrogen  work,  which  same  can  be  very  readily  diluted  to  make 
N/5  acid. 

Mr.  Peter  did  some  valuable  experimenting  on  the  samples  this  year  other  than 
that  called  for  in  the  directions.  This  work  will  be  found  recorded  in  Tables  Nos. 
1  and  2.  Among  other  things  he  showed  that  N/5  nitric  acid  gave  results  quite  as 
good  on  these  soils  as  N/5  IICI,  and  in  some  ways  he  thought  it  might  be  preferable 
to  HCI. 

In  regard  to  the  other  determination.-)  made  in  the  soil  Haniples,  perhaps  all  the 
information  that  is  necessary  concerning  them  can  be  secured  by  referring  to  Tables 
Nos.  1  and  2. 
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THE  ASH   SAMPLE. 

The  results  secared  on  the  ash  sample  are  given  in  Table  No.  5. 

Table  No.  5. — Ash  of  torn  ill  o  wood  (Prosopis  puhescens). 


Sabatances. 


Per  cent.     Per  cent 


Soluble  SiO, 

Inaolable  SiOa  (sand)  . 

Total  SiOt 

K,0 

Na^ 

CaO 

MgO 

Md,04 

Fe.Q, 


11.12 
10.29 
21.41 
11.05 

3.57 
35.55 

8.97 
.24 


I 


AltO, 

Fe^OsAl^Oa. 

PA 

SO, 

CO, 

CI 

C 

Moisture — 


1.35 
3.28 
.67 
12.75  ' 
.20 
.78  , 
.22 


10.73 

n.i6 

21.89 

11.03 

3.87 

35.10 

7.18 

.23 

1.00 

2.28 

(3.  28) 

3.39 

.66 

12.28 

.60 

.67 


Total 

O  equivalent  of  CI 

Corrected  total. 


100. 10 
.06 


lUO.  18 
.13 


100.04  ,       100.05 


A.M.  L.M. 

Holt,     '  JUooiu-    I  A  .  _   „ 

Xf.w  field,       Average. 

'  Mexico.  I  Ohio.     | 

Per  cent. ,  Per  eetit.  [  Per  cent. 

I  7.37  i  9.74 

14.70  I  12.05 

2L40  '  22.07  21.69 
■  11.03  [  1L35  I  11.11 
4  32  '  6.89  ,  4.66 
I  34.57  i  34.46  ,  34.92 
6. 92  I  8. 12  7. 80 
'  .27  ,  .48  .30 
I 

I ' 

3.32  I            .97  I  2.23 

,          3.46            3.45  ,  3.40 

I            . 87  I            . 59  ;  .70 

12.49  ' j  12.51 

'            .22              .25  I  .33 

I          L51  '            .88  .96 

,            .18    '  .20 

100.56  I 

.05  I 

100.51  ' ' 


It  will  be  seen  by  referring  to  the  table  that  the  ngreenient  of  results  on  several 
of  the  determinations  is  very  good.  There  are  other  determinations,  however,  on 
which  the  agreement  is  not  so  good  as  could  l)e  wished.  This  is  particularly  true  in 
the  case  of  soluble  and  insoluble  silica,  iron,  ahuuinum,  and  .soda. 

As  the  methods  for  the  proposed  separation  of  s(duble  and  insoluble  silica  have 
been  shown  to  be  utterly  unreliable,  (see  Proceedings  of  the  Klevonth  Convention 
of  the  A.  O.  A.  C,  pp.  43, 44),  and  as  this  separation  is,  to  say  the  least,  of  very  doubt- 
ful utility,  it  would  seem  to  be  well  to  combine  tlie  soluble  and  instduble  silica  deter- 
minations in  one  of  total  silica.  This  would  shorten  the  work  and  result  in  more 
uniform  results.    This,  then,  will  bo  offered  as  a  recommendation. 

The  way  the  method  for  potash  and  soda  stands  at  present,  if  literally  followed, 
may  not  result  in  a  complete  separation  of  the  alkali  chlorids  from  lime,  etc.  The 
referee  believes  that  both  ammonium  carbonate  and  oxalate  should  be  used  in  pre- 
cipitating out  the  lime,  etc.,  and  tliat  the  process  of  pnriHcation  will  in  some  cases 
have  to  be  carried  even  further  than  called  for  in  the  directions.  This  Avill  consti- 
tute another  recommendation. 

In  the  New  Mexico  laboratory  it  has  been  found  impossible  to  secure  reliable 
results  in  the  determination  of  chloriu  by  the  volumetric  method,  notwithstanding 
the  fact  that  we  constantly  employ  that  method  in  the  analysis  of  waters,  and 
should  be  familiar  with  the  same.  The  end  reaction  in  the  ca.se  of  ash  solutions  is 
frequently  so  indistinct  that  the  exact  point  can  not  be  told  with  any  degree  of  cer- 
tainty. On  the  other  hand,  the  gravimetric  method  has  been  found  to  rjive  perfectly 
reliable  results.  The  referee  therefore  thinks  that  the  volumetric  metliod  for  chlo- 
rin  in  ash  should  be  stricken  out  and  the  gravimetric  method  required. 
15663— No.  51 G 
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Recommendations. 

The  referee  this  year  wishes  to  leave  as  clear  a  field  as  possible  for  bis  successor, 
and  has  therefore  only  one  recommendation  to  make  in  regard  to  the  work  that  shall 
he  taken  np  next  year,  and  that  is : 

(1)  That  the  ammonium  and  calcium  chlorid  methods  be  tried  again  next  year  on 
the  Rothamsted  samples  Nos.  16069,  Gilbert  mark  W  lOA,  and  16070,  Gilbert  mark 
W  13|  if  Mr.  Wiley  have  sufficient  of  the  same.  No.  16069  has  been  in  wheat  continn- 
ously  for  fifty-three  years  aDd  fertilized  annually  with  ammonium  salts  equivalent  to 
86  pounds  of  nitrogen  per  acre.  No.  16070  has  been  in  wheat  continuously  for  the 
same  length  of  time  and  fertilized  annually  with  400  pounds  of  ammonium  salts,  350 
pounds  superphosphate,  and  200  pounds  sulphate  of  potash. 

(2)  It  is  recommended  that  the  N/5  HCl  method  for  available  phosphoric  acid,  in 
the  form  given  below,  be  adopted  as  an  official  method  of  the  association. 

Determination  of  phosphoric  acid  soluble  in  N/5  HCl. 

(a)  Prepare  a  large  stock  solution  of  normal  HCl  by  titrating  against  a  stand-' 
ard  KOH  solution  containing  little  or  no  carbonate,  using  phenolphthalein  as  the 
indicator. 

(b)  Digest  10  grams  of  air-dried  soil,  in  a  stoppered  flask,  with  100  cc  of  N/5  HCl, 
for  exactly  five  hours  in  a  water  bath  kept  at  a  temperature  of  40^  C.  Filter  oflf  the 
solution  through  a  dry  paper,  cool  to  the  room  temperature,  and  titrate  20  cc  of 
the  filtrate  with  standard  carbonate- free  KOH  solution,  using  phenolphthalein  as  the . 
indicator.  From  the  data  thus  secured,  calculate  the  exact  number  of  cubic  centi- 
meters of  normal  acid  from  the  stuck  solution  and  of  water  to  combine  to  make 
exactly  one  or  two  liters  of  acid  of  N/5  strength  after  allowing  for  the  amount 
neutralized  by  the  amount  of  soil  to  be  taken  in  (c). 

(c)  Transfer  200  grams  of  the  air-dried  soil  to  a  large,  dry,  glass-stoppered  bottle  or 
other  similar  vessel,  and  add  exactly  2,000  cc  of  N/5  HCl  corrected  for  neutralization 
M  in  (6).  (In  the  case  of  soils  known  to  be  rich  in  available  phosphoric  acid  100 
grams  of  soil  and  1,000  cc  of  acid  will  be  sufficient.)  Place  the  bottle  in  a  large 
water  bath  (a  metal  waahtub  is  excellent)  and  keep  at  a  temperature  of  40^  C.  for 
exactly  five  hours,  shaking  thoroughly  each  half  hour.  At  the  end  of  the  digestion 
shake  contents  of  bottle  well  and  ponr  quickly  upon  a  large,  dry,  ribbed  niter  of 
two  thicknesses  of  paper  and  of  sufficient  size  to  receive  the  entire  contents  of  the 
bottle.  The  filtrate  is  to  be  received  in  a  dry  vessel  and  the  solution  poured  back 
throngh  the  paper  until  entirely  free  from  soil  particles.  Evaporate  1,000  cc  of  the 
filtrate  if  200  grams  of  soil  were  taken,  or  500  cc  if  100  grams  were  taken,  to  dryness 
in  a  porcelain  dish,  after  adding  a  few  cubic  centimeters  of  nitric  acid  to  oxidize 
organic  matter,  etc.,  moisten  the  residue  with  HCl,  take  up  with  water,  and  filter 
into  a  flask  of  about  500  cc  capacity.  Add  15  grams  of  ammonium  nitrate  in  solution, 
add  strong  ammonia  until  a  permanent  precipitate  forms,  and  then  concentrated 
nitric  acid  until  the  precipitate  dissolves.  Dilute  the  solution  to  about  100  cc,  if  not 
already  to  that  volume,  place  a  thermometer  in  the  flask,  and  heat  to  exactly  85^  C. 
Add  75  tc  of  recently  prepared  molybdate  solution,  digest  in  a  water  bath  at  80^  for 
fifteen  minutes,  with  occasional  shakings,  remove  from  the  buth  and  allow  to  atund 
at  least  ten  minutes  before  filtering.  Continue  the  determination  as  given  in  Bulletin 
No.  43  of  the  Division  of  Chemistry,  United  States  Department  of  Agriculture,  pages 
58  to  60. 

(8)  It  is  recommended  that  in  the  third  line  from  the  bottom,  first  paragraph 
under  ''Analysis  of  the  ash,''  Bulletin  No.  46,  Chemical  Division,  United  States 
Department  of  Agriculture,  page  44,  the  words  ''an  S.  &  S.  hardened  filter''  be 
stricken  out  and  the  words  "a  tared  Gooch  crucible"  be  substituted  instead.  Fur- 
ther, that  section  (a)  be  changed  to  read  as  follows: 

(a)  Determination  of  carbon  and  silica. — The  carbon  and  silica  in  the  Gooch  crucible 
are  to  be  dried  at  120^  C.  to  constant  weight,  incinerated  to  constant  weight,  and 
the  amount  of  carbon  determined  from  the  loss  in  weight. 

(4)  That  on  page  45,  iu  the  fourth  and  seventh  lines  from  the  top,  the  words  "and 
ammonium  oxalate '^  be  inserted  after  "ammonium  carbonate,"  and  that  at  the  end  of 
the  paragraph  the  following  be  added:  ''Test  the  purity  of  tbe  chlorids  by  dissolv- 
ing same  in  a  few  cubic  centimeters  of  water  and  adding  a  few  drops  of  ammonium 
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carbonate  and  oxalate  solation.    If  a  precipitate  occur,  or  if  there  be  an  insoluble 
residue  upon  dissolving  in  water  the  same  must  be  filtered  off;  the  solution  evapo- 
rated  to  dryness,  ignited,  and  reweighed.    In  any  case  the  ammonium  salts  must,  of 
conrse,  be  ignited  off  before  the  potash  determination  is  made." 
(5)  That  section  (/)  be  changed  to  read  as  follows  : 

{/)  Determination  of  Chlarin, — Boil  10  grams  of  the  ash  in  400  cc  of  pure  water  for 
half  an  hour,  transfer  to  a  measuring  ilask  of  500  cc  capacity ;  cool,  make  up  to  vol- 
nme,  filter  off  through  a  dry  folded  paper,  transfer  100  cc  of  the  filtrate  to  a  beaker, 
acidify  with  nitric  acid,  heat  to  boiling,  add  silver  nitrate  solution  iu  excess,  and  stir 
vigorously  until  the  precipitate  collects.  Palter  off  the  precipitate  through  a  tared 
Oooch  crucible,  wash  thoroughly  with  hot  water,  dry  at  1K>^,  and  weigh  the  AgCl 
secured. 

Conclusion. 

In  conclnsiou  the  referee  wishes  to  thank  those  who  have  taken  part  in  the  work 
this  year  for  their  cooperation,  and  to  state  that  he  believes  the  association  will 
agree  in  saying  that  the  subject  of  soil  analysis  is  another  step  forward  as  a  result 
of  the  year's  work.    To  his  successor  he  would  say,  Let  the  good  work  proceed. 

Mr.  Wiley  read  a  letter  from  Mr.  Caldwell,  expressing  regret  at  not 
being  able  to  be  present.  He  also  read  a  letter  from  the  referee  on 
sugar,  stating  that  owing  to  illness  in  his  family  he  could  neither  be 
present  nor  prepare  a  report. 

REMARKS  OF  SBCRETAR7  WILSON. 

The  Chair  at  this  point  introduced  the  honorable  Secretary  of  Agri- 
culture, who  had  just  entered  the  hall.  The  Secretary  was  greeted 
with  applause.    He  said : 

Mr.  President  and  Gentlemen  :  I  have  merely  stopped  in  to  add 
to  your  welcome  to  the  capital  city  of  the  nation.  I  am  glad  to  see 
you.-  As  a  representative  of  the  farming  classes  of  the  country,  I  am 
proud  to  say  in  your  presence  that  we  recognize  fully  the  necessity  of 
the  chemist  in  all  advances  that  are  being  made  along  lines  of  progress 
in  agriculture.  I  need  only  mention  briefly  the  work  being  done  all 
along  the  line. 

In  dairy  matters  we  have  Babcock  and  Patrick,  who  have  helped 
the  farmer  to  better  methods  and  enabled  the  American  farmer  to  put 
his  products  on  the  markets  of  the  world  and  compete  successfully 
with  dairy  production  of  the  famed  countries  of  Europe.  The  chemist 
has  helped  us  to  do  this.  I  might  mention  the  work  being  done  along 
the  line  of  making  the  United  States  independent  of  other  countries  in 
sugar.  The  work  being  done  by  many  of  oar  experiment  stations  along 
this  line  is  of  great  value.  A  hundred  million  dollars  is  hung  up  within 
reach  of  the  American  farmer,  and  the  chemist  is  telling  him  how  to 
get  it,  analyzing  his  beets,  and  telling  him  what  soils  are  best  for  his 
purposes.  Permit  me  to  assure  you  that  the  retention  of  this  hun- 
dred million  <loll:irs  among  our  people  will  be  due  in  great  part  to  the 
excellent  work  luiug  done  by  the  chemist.  I  mention  these  things 
only  to  show  the  appreciation  of  your  work  by  those  who  till  the  soil. 
As  regards  the  light  in  which  we  estimate  you  here,  I  stand  ready  to 
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make  good  whatever  Dr.  Wiley  wants  done  by  the  Department  of 
Agriculture.     (Applause.) 

I  have  but  one  ambition  here  that  I  very  greatly  desire  to  have  grat- 
ified during  my  short  stay  in  connection  with  the  Department  of  Agri- 
culture. If  I  can  succeed,  through  the  help  of  the  corps  of  scientists 
connected  with  the  Department,  in  impressing  future  Presidents  of  the 
United  States  with  the  fact  that  no  man  should  be  Secretary  of  Agri- 
culture without  a  scientific  knowledge  of  agriculture,  then  my  ambition 
will  have  been  satisfied.  No  matter  what  the  political  complexion  of 
the  President  of  the  United  States  who  may  succeed  the  present  occu- 
pant of  the  White  House,  I  would  like  to  have  him  select  for  Secretary 
of  Agriculture  a  man  who  understands  not  only  the  practical  but  the 
scientific  side  of  agriculture.  I  think  this  may  j>ossibly  be  done  if  we 
succeed  fairly  well  in  impressing  the  country  that  the  work  we  are 
doing  is  good,  honest,  helpful  work  now. 

I  thank  you  for  your  attention,  and  will  detiiin  you  no  longer.  It  is 
a  serious  thing  to  interrupt  scientific  gentlemen,  even  for  a  moment. 
(Applause.) 

The  Ohair  expressed  the  gratification  of  the  association  at  the  Secre- 
tary's remarks. 

Mr.  Wiley  read  a  letter  from  Professor  Hilgard,  calling  attention  to 
a  paper,  on  the  objects  and  methods  of  soil  analysis,  resid  at  the  Minne- 
apolis meeting  of  the  Association  of  Agricultural  Colleges  and  Experi- 
ment Stations: 


THE  OBJECTS  AND  METHODS  OF  SOIL  ANALYSIS. 

Paper  of  £.  W.  Hilgard,  road  before  the  Detroit  meeting  of  the  Society  for  the 
Promotion  of  Agricultaral  Science. 

Among  the  recommendations  made  to  the  Association  of  OAioial  Agricnltnral 
Chemists  by  the  referee  for  1896  (Professor  Goss)  the  first  reads  as  follows: 

''Tbat  the  complete  analysis  of  a  strong  acid  solntiou  of  the  soil,  as  given  last 
year  and  in  preceding  years,  be  stricken  out  of  the  official  methods  of  the  association." 

In  tbo  referee's  record  of  work  preceding  these  recommendations  he  shows  a 
keen  insight  and  presents  so  many  new  and  important  facts  regarding  the  action  of 
root  solvents  upon  soils  and  the  variety  of  causes  that  may  iufluence  their  action 
that  I  can  not  but  express  surprise  and  regret  at  the  recommendation  above  quoted. 
It  appears  to  me  to  tend  in  the  direction  of  narrowing  down  the  function  of  the 
agricultural  chemist  to  that  of  a  mere  analyst,  dependent  upon  figures  alone — the 
very  state  of  things  which  has  contributed  most  to  the  discredit  so  long  attaching 
to  chemical  soil  analysis.  As  the  same  referee  has  been  reappointed  for  1897,  and 
will  be  sure  to  carry  out  the  recommendations  as  adopted  with  the  same  ability  mani- 
fested heretofore,  I  desire  to  interpose  a  demurrer  against  the  argument  upon  which 
ho  bases  the  above  recommendation. 

Especially  on  the  ground  that  potash,  phosphoric  acid,  and  nitrogen  are  the  only 
three  elements  needed  to  be  supplied  in  fertilizers,  Goss  argues  that  these  are  the 
only  ones  required  to  be  determined  by  the  analyst  as  to  their  total  quantity  and 
availability.  ^'Practical  analysis  of  tlie  soil,"  he  says,  "should  tell  us  with  reason- 
able certainty  the  amount  and  availability  of  these  three  substances  as  jiresi^nt  io 
the  soil,  and  then  we  will  have  accomplished  the  principal  thing  that  is  at  present 
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demanded  of  the  soil  analyst.''  He  admits  that  it  is  interesting,  from  a  scientific 
point  of  view,  to  know  something  of  the  other  ingredients,  and  that  they  may  have 
some  bearing  on  plant  produotiou ;  but  thinks  that  the  time  required  for  their 
determination  could  be  better  used  for  other  purposes. 

But  what  does  Goss  mean  by  '' practical  analysis f  The  word  " practical''  has 
been  much  abused  ia  connection  with  agricultural  science  and  practice.  It  is 
launched  agaiust  us  as  a  kind  of  thunderbolt,  both  by  the  men  who  wholly  disbe- 
lieve iu  the  application  of  science  to  agriculture,  as  well  as  by  the  politician,  who  tries 
to  make  capital  by  denouncing  our  agricultural  experiment  stations  for  pursuing 
any  line  of  research  which  does  not  appear  to  him  to  bear  directly  upon  the  opera- 
tions of  the  farm.  Now,  if  in  "practical  analysis*'  Goss  speaks  only  with  reference 
to  satisfying  the  demands  of  the  public,  I  must  dissent  from  him  as  to  the  propriety 
of  attempting  to  conciliate  these  two  classes  at  the  expense  of  the  true  objects  and 
methods  of  investigation,  for  which  our  stations  were  established.  Such  conces- 
sions are  not  only  directly  harmful  to  the  true  purposes  of  station  work,  but  indi- 
rectly lead  only  to  further  inadmissible  demands  on  the  part  of  the  self-styled 
practical  man. 

While,  as  I  have  always  insisted,  the  stations  ought  assuredly  first  to  cater  to  the 
pressing  needs  of  the  population  by  their  work,  yet  they  will  be  untrue  to  their 
mission  if  they  fail  to  develop  at  the  same  time  agricultural  science  from  its  scien- 
tific side,  and  thereby  aid  iu  enabling  it  to  enlarge  its  functions  beyond  the  mere 
prediction  of  the  present  productive  capacity  of  land  and  its  immediate  needs  in 
fertilization.  But  even  as  regards  fertilization,  it  is  quite  obvious  that  the  kind  of 
fertilizers  to  be  used  should  depend  in  very  many  cases  essentially  upon  the  pres- 
ence or  absence  of  other  ingredients  than  the  three  furnished  in  the  fertilizers. 
From  the  latter  point  of  view,  Goss's  recommendation  is  not  well  advised,  even  if 
only  meant  to  apply  to  the  commercial  chemist  who  does  not  go  beyond  the  sup- 
plying of  figures  to  his  client,  leaving  the  latter  to  interpret  them  for  himself  as 
best  he  may.  It  is  not  enough  that  his  figures  should  show  that  nitrogen,  phos- 
phoric acid,  or  potash  are  deficient  or  abundant,  but  it  must  also  be  shown  what, 
from  the  general  character  of  the  soil,  is  the  form  in  which  these  substances  should 
be  supplied,  and  in  what  manner.  The  chemist  should,  for  instance,  be  able  to  tell 
the  farmer  whether  his  soil  is  such  that  the  application  ot  a  superphosphate  to  the 
surface  will,  in  the  ordinary  course  of  events,  assure  a  supply  of  that  substance  to 
the  roots  of  his  crops;  or  whether,  e.  g.,  the  presence  of  an  excess  of  calcic  car- 
bonate will  prevent  the  penetration  of  the  superphosphate  to  the  depth  of  not  more 
than  an  inch  or  so;  or  whether,  as  in  the  highly  ferrnginous  soils  of  Hawaii,  any 
water-soluble  phosphoric  acid  will,  in  a  short  time,  be  definitely  locked  up  in  the 
insoluble  form,  so  that,  instead  of  a  superphosphate,  it  should  be  applied  in  the  form 
of  phosphate  slag,  or  in  that  of  di-calcic  phosphate.  Speaking  quite  generally,  the 
presence  or  absence  of  lime  is,  and  has  long  been  known  to  be,  such  a  potent  deter- 
mining factor  in  the  producing  qualities  of  soils,  that  the  proposition  to  omit  its 
determination  as  a  part  of  the  regular,  analysis  for  practical  purposes  will  sound 
strangely  in  the  ears  of  agricultural  chemists  the  world  over.  It  means  that  it  is 
of  no  practical  consequence  to  know  whether  a  soil  is  naturally  marled  already  or 
requires  artificial  marling  to  improve  its  chemical  or  physical  condition,  or  both ; 
whether  it  is  naturally  adapted  to  the  production  of  leguminous  crops,  and  a  score  of 
other  points  which  are  everywhere  considered  of  importance  to  the  farmer. 

Similarly  in  the  case  of  potash,  it  is  not  a  matter  of  indifi'erenco  whether  or  not  a 
large  proportion  of  zeolotic  silicates  is  present,  by  which  it  may  be  retained,  or 
whether  the  next  rain  may  wash  it  through  the  soil  beyond  the  reach  of  the  roots. 
From  this  point  of  view  alone,  then,  the  determination  of  lime,  iron,  and  ''soluble" 
silica  are  of  direct  importance,  even  according  to  the  present  imperfect  state  of 
our  knowledge.  But  how  shall  that  knowledge  ever  be  perfected  if  the  recom- 
mendation of  the  referee  as  to  the  determination  of  the  three  ingredients  alone 
should  be  accepted  by  our  experiment  station  workers?    It  seems  to  me  that  the 
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very  fact  quoted  by  Goss  that  ''  we  know  but  little  about  tbe  relation  of  these  sub- 
stances to  vegetable  nutrition  ^'  should  lead  him  to  reverse  his  conclusions,  at  least 
so  far  as  the  experiment  station  work  is  concerned. 

The  recommendation  works  tbe  wrong  way  also  in  the  case  of  virgin  soils ;  for  in 
the  case  of  cultivated  land  something  at  least  is  usually  known  in  a  general  way 
regarding  the  character  of  the  soil  and  the  main  points  to  be  observed  in  their  treat- 
ment. As  I  have  frequently  urged,  in  virgin  soils  the  proportion  of  actually  avail- 
able plant  food  may  ordinarily  be  presumed  to  be  proportionate  to  the  total  amounts 
present  as  ascertained  by  the  usual  methods  of  analysis;  so  that  the  determination 
of  actually  available  plant  food  by  the  method  of  Dyer  or  others  becomes  for  the 
time  being  unnecessary.  But  it  is  of  the  greatest  importance  to  know  whether  such 
soils  are;  for  instance,  sufficiently  or  highly  calcareous  or  not,  since  that  indicates 
from  the  outset  not  only  their  adaptability  or  non adaptability  to  certain  important 
cultures,  but  also  the  sufficiency  of  their  potash  supply.  In  the  case  of  ferruginous 
soils  again,  it  is  of  the  highest  importance  to  inform  the  farmer  that  if  he  allow 
the  subsoil  to  become  swamped  by  an  overuse  of  irrigation  water  or  otherwise,  that 
subsoil  will  become  not  only  useless  but  positively  poisonous,  not  only  to  roots 
within  it,  but  also  to  those  some  distance  above  it,  because  of  the  reduction  of  ferric 
hydrate  to  ferrous  carbonate,  or  other  ferrous  salts.  In  irrigation  regions  it  is  often 
of  paramount  importance  that  this  should  be  known  beforehand. 

I  contend,  therefore,  that  the  determination  of  lime,  ferric  oxid,  and  soluble  silica 
is  of  such  general  importance,  not  only  with  a  view  to  the  general  qualities  of  the 
soil  under  cultivation,  but  also  with  reference  to  the  use  of  fertilizers,  that  to  omit 
these  detemilDations  and  to  restrict  soil  analysis  to  the  '^ practical''  determination 
of  potash,  phosphoric  acid,  and  nitrogen,  is  inadmissible  as  tending  to  lead  to  erro- 
neous inferences,  not  only  theoretically,  but  practically. 

But  if  these  determinations  be  made,  it  is  difficult  to  see  wherein  the  process  of 
general  analysis  as  heretofore  practiced  can  be  materially  abridged.  It  is  true  that 
we  might  omitthe  determination  of  the  alumiua,  determining  only  the  iron  by  titra- 
tion of  the  solution  of  the  joint  precipitate.  But  this  is  a  verj*^  trifling  abridgment 
and  prevents  the  comparison  of  the  amount  of  soluble  silica  with  that  of  alumina 
with  reference  to  kaolinite,  which,  as  I  have  heretofore  shown,  frequently  goes  to 
prove  the  presence  of  free  aluminum  hydroxid  in  the  soil.  It  is  true  that  we  do  not 
know  the  exact  significance  of  this  substance  in  connection  with  the  soil  functions, 
but  it  is  certainly  desirable  that  we  should  obtain  this  knowledge  hereafter;  and  to 
omit  this  determination  for  the  sake  of  so  slight  a  saving  of  time  seems  to  me  to  be 
a  deviation  from  the  principles  of  sound  investigation,  of  which  certainly  the  sta- 
tions should  not  furnish  the  example. 

As  regards  other  substances,  viz,  magnesium  and  manganese,  I  agree  that  man- 
ganese might  very  well  be  let  go  in  with  iron,  if  this  were  compatible  with  the 
proper  separation  from  the  lime;  for,  so  far  as  we  know,  manganese  exerts  little  or 
no  influence  upon  vegetable  nutrition,  and  its  functions  in  the  soil  appear  to  be  of 
no  special  significance.  But  it  is  quite  otherwise  with  magnesia.  It  is  of  the  utmost 
importance,  next,  probably,  to  lime;  its  functions  in  the  soil  may  or  may  not  be 
restricted  to  the  neutralization  of  acid,  and  therefore  the  prevention  of  acidity,  and 
the  formation  of  the  zeolitic  silicates.  But  so  long  as  it  is  omnipresent — and  fre- 
quently in  very  large  proportions—it  seems  highly  expedient,  from  the  standpoint  of 
general  scientific  investigation,  to  make  its  determination  an  invariable  practice. 
We  have  no  method  of  separating  potash  from  it  without  so  close  an  approach  to  its 
actual  gravimetric  det'erminution  that,  as  in  the  case  of  alumina,  it  seems  almost 
wantonness  to  omit  to  weigh  it  for  the  sake  of  so  slight  a  saving  of  time.  If  we 
were  to  adopt  the  method  of  Grandeau,  which  precipitates  potash  by  perchloric  acid 
firom  a  complex  solution,  there  would  be  better  reason  for  urging  the  abandonment 
of  the  determination  of  magnesia.  Again,  if  the  abridgment  of  labor  be  the  point 
so  essentially  desired,  I  am  at  a  lose  to  see  the  propriety  of  substituting  in  the  deter- 
mination of  the  total  phosphoric  acid  the  sulphuric  acid  method  of  Goss  for  the  one 
with  nitric  acid,  as  heretofore  practiced.    There  is  no  question  that  the  sulphuric- 
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acid  method  requin^s  roach  roore  time  and  atteutioii  on  the  part  of  the  operator,  aud 
it  is  liable  to  a  number  of  accidents  from  which  the  uitric-acid  method  la  entirely 
free.  The  only  claim  it  can  make  for  consideration  is  that  it  extracts  the  phos- 
phoric acid  more  completely  in  case  of  the  presence  of  highly  insoluble  compounds, 
such  as  crystallized  vivanite  and  other  phosphate  minerals.  But  it  may  be  seri* 
ously  questioue  I  whether  the  presence  of  such  minerals  in  the  soil  is  of  any 
'* practical"  use  whatever.  I  question  that  it  is  even  of  theoretical  interest  to  the 
investigator  of  soils  from  the  agricultural  standpoint,  however  interesting  from  that 
of  the  geologist  or  mineralogist.  As  in  the  case  of  the  use  of  sulphuric  acid  for  the 
determination  of  alumina  in  soils,  it  leads  to  an  overestimate  of  the  soil's  capacity 
to  supply  the  ingredient  sought.  It  stands  on  a  similar  plane  of  utility  as  the  deter- 
mination of  potash  by  means  of  hydrofluoric  acid,  which,  so  far  as  I  can  see,  is 
totally  devoid  of  interest  from  an  agricultural  standpoint.  It  is  not  reasonably  to 
be  supposed  that  any  organic  acid,  not  even  oxalic,  to  the  dilution  in  which  it  is 
applied  by  the  plant  is  likely  within  any  time  in  which  we  are  interested  to  go 
beyond  the  action  of  strong  hot  nitric  acid.  I  do  not  think  that  Goss  has  presented 
any  reasons  for  abandoning  the  nitric  acid  digestion  as  a  method  of  determining  the 
phosphoric  acid  in  soils  sufficient  to  justify  the  substitution  therefor  of  his  very 
thorough  and  ingenious  bat  troublesome  and  excessively  incisive  method.  When  I 
find  in  Hawaiian  soils  that  yield  to  the  Dyer  solvent  only  0.004  of  PjO.-,  by  the  nitric- 
acid  method  nearly  1  per  cent,  it  is  certainly  of  no  practical  interest  to  me  to  know 
that  HCl  will  take  out  of  the  same  soil  nearly  twice  the  amount  that  nitric  acid 
did.  Nor  will  it  be  of  any  practical  interest  to  obtain  still  more  by  means  of  the 
Goss  snlpharic-acid  method. 

The  most  important  step  in  advance  shown  by  Goss's  report,  and  for  which  if  con- 
firmed by  further  experience  the  agricultural  world  will  be  grateful  to  him,  is  the 
substitution  of  dilute  HCl  for  the  determination  of  available  potash  and  phosphoric 
acid  instead  of  the  organic  acids  heretofore  used.  While  I  must  say  that  within 
my  own  experience  thus  far  the  citric-acid  solution  has  given  excellent  results 
»rhenever  the  neutralization  of  carbonate  of  lime  and  magnesia  in  the  soil  has  pre- 
viously been  properly  observed  so  as  to  render  the  solvent  of  uniform  strength,  y<t 
the  mnch  greater  facility  with  which  HCl  may  be  used  in  analytical  operations 
renders  its  use  so  desirable  that  it  must  be  earnestly  hoped  it  will  prove  as  much  of 
a  success  as  now  seems  probable.  The  remarkable  effect  of  calcium  chlorid,  how- 
ever, causes  me  to  suggest  that  the  effect  of  neutralization  would  in  the  case  of 
HCl  be  quite  different  from  that  of  citric  acid  so  far  as  potash  is  concerned;  for  in 
many  cases  the  amount  of  calcium  chlorid  formed  by  neutralization  will  greatly 
exceed  in  its  effects  that  of  the  HCl  itself,  and  it  would  therefore  seem  that  as  a 
general  reagent  for  the  determination  of  available  potash  the  latter  is  unavailable 
for  the  great  majority  of  soils. 

The  convention  then  adjourned  until  2  p.  in. 

WEDHESDAT— AFTEBHOOH  SESSION. 
BLECTION  OF  OFFICERS. 
The  committee  on  nominations  presented  the  following  report: 

The  committee  on  nominations  begs  to  present  the  following  names  for  the  several 
elective  offices  of  the  association : 

For  president,  Mr.  A.  L.  Winton,  of  Connecticut ;  for  vice-president,  Mr.  R.  C. 
Kedzie,  of  Michigan;  for  secretary,  Mr.  H.  W.  Wiley,  of  Washington,  D.  C;  for 
members  of  the  executive  committee,  Mr.  M.  A.  Scovell,  of  Kentucky,  and  Mr.  J.  L. 
HillS;  of  Vermont. 

C.  L.  Penny, 
L.  L.  Van  Slyke, 
Elton  Fulmer, 
Committee  on  Nominations, 
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Upon  motion  the  report  was  accepted. 

Mr.  Bigelow  moved  that  the  Chair  be  instructed  to  cast  the  ballot  of 
the  association  for  the  officers  nominated.  Carried,  and  the  officers 
named  declared  duly  elected. 

VISIT  TO  DEPARTMENT  OF  AGRICULTURE. 

The  President.  The  regular  order  of  business  is  to  proceed  to  the 
Department  of  Agriculture,  as  arranged.  Before  doing  so,  however,  I 
desire  to  name  the  committee  to  confer  with  the  committee  from  the 
Association  of  Agricultural  Colleges  and  Experiment  Stations  on  the 
subject  of  fertilizers.  In  the  appointments  I  have  tried  to  secure  as 
wide  representation  of  the  different  sections  of  the  country  as  possible, 
and  name  as  the  committee  to  represent  this  association  Messrs.  Wiley, 
of  Washington,  D.  C;  Kilgore,  of  Mississippi;  Huston,  of  Indiana; 
McDonnell,  of  Maryland,  and  Eoss,  of  Alabama. 

The  convention  thereupon  adjourned  to  visit  the  Department  of 
Agriculture. 

The  members  of  the  association  visited  first  the  chemical  laboratory, 
where  they  inspected  the  methods  of  sugar-beet  analysis  and  the  polari- 
metric  room.  The  methods  of  mounting  and  adjusting  the  standard 
instruments  and  of  illuminating  their  scales  were  studied.  The  opera- 
tion of  the  bomb  calorimeter  for  the  combustion  of  bodies  in  a  com- 
l)ressed  atinosphere  of  oxygen  was  illustrated.  The  members  then 
proceeded  to  the  office  of  the  Secretary  of  Agriculture  and* were  most 
cordially  received  by  the  Secretary  in  his  oMicc. 
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THIRD    DAY. 

THUESDAT— MORHIHO  SESSIOH. 

Galled  to  order  at  9.30.  No  member  of  the  committee  on  recommen- 
dations being  present,  the  regular  order  was  postponed  and  the  Chair 
called  for  the  report  on  foods  and  feeding  stuffs. 

Mr.  Lindsey  read  the  reiK)rt,  as  follows : 

EEPOET  ON  CATTLE  FEED& 

By  J.  B.  LiNDSET. 

I. 

Estimation  of  Starch. 

Among  the  AO-caUed  standard  methods  for  the  estimation  of  starch  may  he  men- 
tioned those  of  Sachsse,  Marcker,  Reiuke,  Ashoth,  Giiichard,  Baiidry,  and  the  diastase 
methods.  Most  of  these  methods  give  fairly  concordant  results  when  the  snbstance 
examined  contains  no  other  carbohydrates  than  pare  starch.  Stone  >  has  shown,  how- 
ever, that  when  the  most  of  these  methods  are  employed  on  materials  containing  a 
variety  of  carbohydrates,  very  diflferent  starch  percentages  result.  Sachsse's  method, 
which  consists  in  boiling  the  substance  directly  with  dilute  hydrochloric  acid,  is  recom- 
mended by  the  Association  of  Official  Agricultural  Chemists  for  use  only  in  estimat- 
ing the  starch  content  of  commercial  starch  and  potatoes.  The  other  methods 
which  have  seemed  best  adapted  for  the  estimation  of  starch  iu  agricultural  products, 
are  the  diastase  and  the  Miircker  methods ;  also  the  Miircker  method  as  modified  by 
Beinke. 

A  year  ago  your  referee  compared  the  diastase  and  Miircker  methods  without 
securing  any  very  decisive  results,  consequently  both  were  adopted  by  the  A.  O.  A.  C. 
as  provisional  methods  until  further  investigations  could  be  made. 

The  work  on  starch  this  year  consisted  in  comparing  the  diastase,  Maroker,  and 
salicylic-acid  or  Bandry  modified  methods  ou  three  difi'erent  substances.  Our  prin- 
cipal object  in  testing  the  Miircker  method  was  to  note  whether  heating  for  one-half 
hour,  under  3  atmospheres  in  one-tenth  of  1  per  cent  tartaric-acid  solution,  would 
exert  any  solvent  action  on  carbohydrates  other  than  starch.  The  Reinke  modifica- 
tion of  the  Marcker  method  consists  in  omitting  the  diastase  treatment,  using  one-half 
of  1  per  cent  lactic  acid,  and  in  heating  for  two  and  one-half  hours  under  3|  atmos- 
pheres. We  preferred  to  test  the  original  Miircker  method,  feeling  sure  that  the  Reinke 
ijioditication  would  have  a  greater  solvent  action  than  the  method  originally  brought 
forward  by  Marcker.    The  methods  as  sent  out  were  described  as  follows : 

I.   DIASTASE  method. 

Exhaust  3  to  5  grams  of  substance  with  ether,  and  treat  the  residue  in  a  beaker 
with  50  cc  of  10  per  cent  alcohol  for  one-half  hour  with  frequent  stirrings,  filter, 
and  wash  with  strong  alcohol.  Bring  the  dried  residue  into  a  beaker  with  50  co  of 
water,  immerse  beaker  in  a  boiling-water  bath,  stirring  contents  constantly  until 
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all  the  starch  gelatinizes;  cool  to  55^  C,  add  20  cc  of  malt  extract,  and  maintain 
at  thin  temperature  until  the  solution  no  longer  gives  the  starch  reaction  with  iodin. 
Filter  into  a  10  ounce  flask,  wash  until  the  filtrate  amounts  to  200  cc,  add  20  cc  • 
of  25  per  cent  hydrochloric  acid  (sp.  gr.  1.125),  connect  with  a  reflux  condenser  and 
heat  in  a  boiling- water  bath  for  two  hours,  cool,  and  when  lukewarm  neutralize 
carefully  with  Na-jCOs  (avoiding  excess),  and  make  up  to  500  cc.  Mix  well,  pour 
through  a  dry  Alter,  and  determine  dextrose  in  an  aliquot  part  by  Allihn's  method. 
Convert  dextrose  into  starch  by  the  factor  0.9. 

II.  marcker's  method. 

Free  3  to  5  grams  of  substance  from  fat  and  water  soluble  material  by  use  of  ether 
and  10  per  cent  alcohol,  as  described  under  diastase  method.  Dry  the  residue,  powder, 
and  bring  into  a  Linter  pressure  bottle  (if  Soxhlet  digester  is  not  at  hand)  with 
50 cc  of  water;  immerse  bottle  in  a  boiling- water  bath  until  the  starch  gelatinizes, 
stirring  constantly,  cool  to  55^  C. ;  add  10  cc  of  malt  extract  and  maintain  at  this 
temperature  for  one  hour.  Now  add  5  cc  of  a  1  per  cent  tartaric  acid  solution,  and 
heat  at  140'-^  C.  for  one-half  hour  (or  in  autoclave  at  3  atmospheres  one-half  hour), 
or  110^  C.  for  one  hour;  cool  to  55"-^  C. ;  add  10  cc  of  malt  extract,  and  maintain  at 
this  temperature  until  the  solution  no  longer  gives  the  starch  reaction  with  iodin. 
Filter  through  linen,  using  suction,  into  a  10-ounce  flask,  and  wash  with  water  until 
the  filtrate  amounts  to  200  cc,  then  add  20  cc  of  25  per  cent  hydrochloric  acid  and 
proceed  as  in  the  diastase  method. 

Preparation  of  malt  extract. 

Digest  10  grams  of  fresh,  finely  ground  malt  over  night  at  laboratory  temperature 
with  200  cc  of  water,  and  filter.  Determine  the  amount  of  dextrose  in  a  given  quan- 
tity of  the  filtrate  by  boiling  with  acid,  etc.,  as  in  the  determination  of  starch. 

III.    BAUDRY   MODIFIED   Ott   SALICYLIC   ACID   METHOD. 

Free  3  to  5  grams  of  substance  from  fat  and  w/tter  soluble  material  as  already  des- 
cribed. Bring  the  dried  and  pulverized  residue  into  a  beaker  with  100  cc  of  wat«r,  in 
which  is  dissolved  ^  gram  salicylic  acid,  and  heat  the  beaker  in  a  boiling  water  bath 
with  constant  stirring,  until  the  starch  is  rendered  soluble  (10  to  15  minutes).  Now 
filter  quickly  through  linen,  using  snction,  wash  with  hot  water  to  the  volume  of 
200  cc,  add  20  cc  of  25  per  cent  hydrochloric  acid,  and  proceed  as  under  the  diastase 
method. 

Some  time  aft^r  the  samples  necessary  for  testing  these  three  methods  were  sent 
out,  Mr.  H.  W.  Wiley  kindly  sent,  at  our  request,  a  description  of  a  method  employed 
in  his  laboratory  for  the  estimation  of  starch.  We  compared  this  with  the  other 
three  methods. 

IV.    WILEY'S  METHOD. 

Extract  the  fat  from  3  grams  of  the  material,  dry  the  residue  and  digest  for  two 
and  one-half  hours,  at3|  atmospheres,  in  an  autoclave,  with  ^  gram  salicylic  acid  and 
50  cc  of  water.  After  cooling,  make  up  to  250  cc,  filter,  and  invert  200  cc  of  the 
filtrate  in  a  500  cc  flask  with  15  cc  of  hydrochloric  acid  (sp.  gr.  1.125)  for  two  and 
one-half  hours  at  100^  C.  Neutralize  exactly  with  sodium  carbonate,  cool,  make  up 
to  500  cc,  and  determine  the  dextrose  in  25  cc  by  AUihn's  method. 

The  three  samples  sent  out  were  corn  meal,  wheat  middlings,  and  lupine  seeds,  each 
ground  snflicicntly  fine  to  pass  a  i  mm  sieve.  The  corn  meal  contained  no  other 
known  carbohydrate  than  starch,  excepting  small  amounts  of  cellulose.  The 
wheat  middlings  contained,  in  addition  to  a  moderate  amount  of  starch,  liberal 
quantities  of  pentosans.  The  lupine  was  known  to  contain  pentosans  and  galac- 
tan— both  hemicolluloses — in  addition  to  very  small  or  <|uestionable  amounts  of 
starch.  The  presence  of  starch  alone  in  one  substance,  of  starch  and  pentosans  in 
a  second^  and  of  starch,  pentosans,  and  galactan  in  a  third,  would  certainly  present 
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conditions  anitable  for  testing  the  accuracy  of  the  three  methods.    We  present  first 
the  results  obtainetl  in  our  own  laboratory. 

Tabijb  I. — Results  with  different  methods  of  estimating  starch. 


Methods. 


Diastase 
Marcker 
Salicylic 
Wiley... 


Per  cent  of  starch  in— 

Corn  meal. 

Wheat 
middlings. 

Lnpine 
seed. 

62.53 

19.38 

2.11 

«5.54 

26.81 

14.68 

57.02 

19.03 

6.21 

68.04 

34.00 

16.41 

It  will  be  observed  that  both  the  Mlircker  and  Wiley  methods  yield  higher  results 
than  the  diastase  method.  This  is  exceptionally  noticeable  in  the  case  of  the  wheat 
middlings  aud  lupine,  which  contain  other  carbohydrates  than  starch.  The  salicylic 
method  gave  lower  results  than  the  diastase  in  case  of  the  com  meal,  about  the 
same  for  wheat  middlings,  and  higher  for  the  lu|)ine.  We  are  naturally  led  to  inquire 
the  cause  of  these  differences.  It  would  seem  at  least  possible  that  one  or  both  of 
the  hemicelluloses  had  been  attacked  by  the  action  of  the  several  atmospheric  pree- 
Bures.    The  data  throwing  light  on  this  poiut  will  be  fouud  in  Tables  II  and  III. 

Table  II. — Total  pentoisana,  and  pentosans  present  after  starch  extractions. 


Suhstauce. 


Total  pentosans 

Pentosans  after  dilate  alcohol  treatment 

Pentosans  after  dilute  alcohol  and  diastase  treatment. . 
Pentosans  after  dilute  alcohol  and  Mfircker  treatment. 
Pentosans  after  dilute  alcohol  and  Wiley  treatment — 


Corn  meal. 


Per  cent. 
0.02 
5.69 
4.97 
3.70 
.29 


Wheat     I   Lupine 
middlings. ,     seeds. 


Per  emti.      Per  cent. 


20.51 
18.30 
17.14 
12.04 
1.26 


9.94 
9.73 
8.75 
5.58 
1.38 


We  first  determined  the  total  pentosans  in  each  of  the  three  substances,  and  also 
after  theee  substances  had  been  treated  with  the  dilute  alcohol  solution  for  the 
removal  of  water-soluble  carbohydrates.  A  slight  decrease  in  the  pentosan  per- 
centages is  noted  as  a  result  of  this  preliminary  treatment.  After  corn  meal  had 
been  subjected  to  diastase  treatment  for  the  removal  of  the  starch,  the  percentage 
of  pentosans  decreased  from  5.69  to  4.97,  or  a  percentage  loss  of  12.6.  A  consider- 
able length  of  time  (four  hours)  was  required  to  remove  all  of  the  starch  from  the 
com.  It  is  possible  that  the  solvent  action  of  the  water  at  55^  C.  was  in  a  measure, 
or  entirely,  responsible  for  this  decrease  rather  than  the  action  of  the  diastase.  The 
Miircker  method  caused  a  decrease  of  from  5.69  to  3.7,  or  35  per  cent,  while  in  remov- 
ing the  starch  by  the  Wiley  method  practically  all  of  the  pentosans  were  also 
removed.  The  wheat  middlings  show  a  percentage  pentosan  decrease  of  6.3  by  the 
diastase,  34.2  by  the  Miircker,  and  93  by  the  Wiley  method.  In  case  of  the  lupine, 
a  percentage  decrease  is  noted  of  10,  42.7,  and  85.8  by  the  diastase,  Miircker,  and 
Wiley  methods,  respectively. 


Table  III. — Total  galaetan^  and  galactan  present  after  starch  extra<;iion. 


Sab8tanc<\ 


ToUl  galactan 

Galactan  afler  dilute  alcohol  treatment 

Galactan  after  dilnte  alcohol  and  diastase  treatment. . 
Galactan  after  dilate  alcohol  and  Marcker  treatment . 
Galactan  after  dilate  alcohol  and  Wiley  treatment — 


i    Lnpine 
seeds. 


Per  cent. 

14.87 

12.25 

9.36 

1.16 

0.33 
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In  case  of  the  lapine,  which  contained  a  considerable  percentage  of  galactan,  the 
dilute  alcohol  treatment  was  foand  to  remove  nearly  18  per  cent  of  the  entire 
amount.  Of  the  remaining  quantity,  the  diastase  treatment  removed  23.7  per  cent 
and  the  Milrcker  and  Wiley  treatments  from  90  to  97  per  cent.  Galactan,  in  the 
lupine  at  least,  seems  to  yield  rather  more  easily  than  do  the  pentosans  to  the  action 
of  the  varioQS  solutions. 

We  have  then  positive  reasons  for  the  higher  starch  percentages  yielded  by  the 
Miircker  and  Wiley  methods  above  those  obtained  with  the  diastase  method.  It 
seems  established  that  the  several  atmospheric  pressures  render  a  considerable  por- 
tion of  these  hemicelluloses  soluble,  or  possibly  even  partially  destroy  them.  The 
Wiley  method  acts  more  severely,  because  of  the  increased  length  of  time  during 
which  the  substances  are  under  pressure. 

If  the  Miircker  method  act  thus  on  the  hemicelluloses,  it  is  safe  to  assume  that 
the  Reinke  modification  would  exert  a  severer  action.  In  fact,  Miircker'  says:  ''The 
Beinke  method  may  give  perphaps  too  high  results;  but,  on  the  other  hand,  the 
Marcker  method  yields  positively  too  low  results. '^  He  makes  emphatic,  however, 
that 'Hbe  Reinke  method  is  to  be  used  only  for  those  materials  which,  during  the 
manufacturing  process,  are  subjecte4  to  high  pressures;  it  yields  at  least  3  per  cent 
too  high  results  for  all  other  conditions.''  The  diastase  method  is  now  recommended 
and  used  by  Marcker  for  the  estimation  of  starch  in  fodders.  The  substances  caus- 
ing the  high  results  in  case  of  the  pressure  methods  he  does  not  state,  but  simply 
refers  to  them  as  ^'nicht  Starke,"  i.  e.,  substances  not  starch.  This,  at  least,  leaves 
one  to  assume  that  the  pressure  acts  partially  on  the  cellulose  and  partially  on  other 
carbohydrates  not  specided. 

In  view  of  the  facts  presented,  we  feel  bound  to  condemn  for  the  estimation  of 
starch  the  Miircker,  Reinke,  and  Wiley  methods.  It  seems  probable  that  any  method 
requiring  the  substance  to  be  subjected  to  pressure  would  be  included  in  this  con- 
demnation. The  fact  is  not  overlooked,  however,  that  in  the  diastase  method  either 
the  diastase  or  the  water  exercises  a  slight  solvent  action  on  the  hemicelluloses, 
which  probably  tends  to  increase  the  percentage  of  true  starch.  In  the  following 
table  are  given  the  results  obtained  by  different  analysts  with  the  diastase,  Miircker 
and  salicylic  methods: 

Tablk  lV,^R0sult9  obtained  hy  other  chemists. 


1. 

«  O 

Corn  meal. 

2. 

Lupine 

seed. 

1  3.  Wheat  middlings. 

Analysta. 

% 

Per  ct. 
71.34 

II 
Si 

Per  ct. 
52.50 

*  5 
ee*3 

*  s 

52 

Perct. 
2.58 

None. 
2.43 
2.40 
1.64 

ll 

Perct. 
16.79 

0 

Perct. 
7.51 

9 

n 

Perot. 
130.94 
•15.89 
20.46 
21.01 
20.14 
21.00 

Marcker'a 
method. 

Salicylic 
method. 

W.  H.  Krag,  U.  S.  Dept  of  Agr  . 
0.  W.  Knight,  Me.  Exp.  Sto 

Perct 
69.28 
61.47 
65.19 
67.15 
61.17 
67.79 
62.53 

Peret.    Perct. 

•35.58    

1     19  11 

C.  D.  Howard,  N.  H.  Exp.  Sta  . . . 

, 

1 

C.  A.  Brown,  jr.,  Penn.  Exp.  Sta. 

C.  H.  Jonea,  Vt  Exp.  Sta 

B.C.  Sherman, Columbian  Univ. 

'  62.98 

55.68 

68. 30     67. 68 

11.63 
1.21 



9.1  fifi 

•25.00 
17.00 
22  18 

E.  B.  Holland,  Mass.  Exp.  Sta. . . 

65. 54  1  57. 02 

2.11 

14.68 

6.21 

19.38       26.84 

19.05 

Average 

64.94 

68.39     KQ  17 

2.23 

15.73 

20.4    1    25.76 

1 

19.3 

1 

•  Excluded  from  average. 

While  wide  variations  occur  in  the  figures  presented  by  different  analysts,  they, 
nevertheless,  make  emphatic  the  conclusions  drawn  from  our  own  work.  In  the 
results  obtained  with  corn  meal,  three  analysts  secured  by  the  disastase  method 
61.72  per  cent  of  starch,  three  others  68.07  per  cent,  and  one  65.19  per  cent.     It  is  to 

»Die  Agricultur  Chemische  Versuchsstation  Hallo:  ihre  Einrichtung  und  Thtitiir- 
keit,  p.  113.  ^ 
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be  confeiwed  that  these  differences  are  difficult  to  explain.  The  writer  endeavored 
to  obtain  all  of  the  data  necessary  for  recalculation,  but  was  only  partially  suc- 
cessful. Very  few  chemists  undertook  the  Miircker  method,  not  possessing  an  auto- 
clave. For  the  corn  meal  the  average  resultn  by  this  method  are  higher  than  those 
obtained  by  the  diastase  method,  while  with  the  salicyllo  method  the  results  are 
lower.  In  case  of  the  lupine,  six  analysts  employing  the  diastase  method  find  but 
very  small  percentages  of  starch,  while  the  Miircker  method  shows  16  per  cent. 
With  wheat  middlings  five  chemists  employing  the  diastase  method  obtained  very 
encouraging  results,  one  too  low,  and  one  evidently  too  high.  The  Miircker  method 
again  yields  high  figures,  while  the  salicylic  acid  agrees  fairly  well  with  the  diastase 
method. 

REMARKS. 

The  differences  in  the  percentage  of  starch  secured  by  different  analysts  may  be 
accounted  for  as  follows : 

In  the  description  of  the  method  sent  out,  it  was  advised  to  free  the  substance 
from  water-soluble  material  by  treatment  for  one-half  hour  in  a  beaker  with  50  co  of 
10  per  cent  alcohol,  stirring  frequently.  We  found  later  that  this  method  did  not 
seem  to  remove  all  of  the  soluble  material,  so,  in  our  case,  the  substance  was  brought 
on  a  filter  and  washed  with  150  cc  of  10  per  cent  alcohol. 

Secondly,  some  analysts  might  not  have  correctly  calculated  the  amount  of  dex- 
trose to  be  deducted  for  the  malt  solution.  In  the  third  place,  the  methods  employed 
for  reducing  the  copper  might  have  caused  variations.  It  is  believed  a  particular 
method  should  have  been  specified.  At  first  we  reduced  the  copper  in  hydrogen,  but 
experienced  some  trouble  because  the  metal,  on  its  removal  from  the  stream  of  hydro- 
gen, after  it  had  become  cool,  immediately  oxidized  on  the  surface  and  increased  in 
weight.  We,  therefore,  substituted  a  stream  of  dry  oxygen,  and  weighed  as  copper 
oxid,  with  highly  satisfactory  results.  A  few  comparative  tests  on  a  1  per  cent 
solution  of  pure  dextrose  gave  results  in  favor  of  the  oxidation  method.  We  pro- 
pose to  still  further  investigate  this  point.  Again,  the  substances  should  have  been 
ground  finer.  They  were  all  passed  through  a  one- half  mm  sieve,  but  we  believe 
they  should  have  been  ground  to  near  a  powder,  iu  order  to  allow  the  diastase  to 
do  thorough  work. 

The  salicylic  or  modified  Baudry  method  has  a  tendency  to  give  low  results  when 
employed  on  substances  containing  high  starch  percentages,  because  of  the  difficulty 
experienced  in  getting  all  of  the  starch  into  solution.  Fine  grinding  may,  iu  a  meas- 
ure, overcome  this  difficulty.  Again,  it  is  difficult  to  know  how  long  the  hot  eali- 
cylic  acid  solution  can  be  left  In  contact  with  the  substance,  because  of  its  tendency 
to  attack  both  the  pentosans  and  the  galactan.  (Note  the  results  obtained  with  the 
lupine  in  Table  IV.) 

RECOMMENDATION. 

^  W^e  recommend  that  the  diastase  method  be  declared  the  provisional  method  of 
the  A.O.A.C.  for  the  estimation  of  starch  in  all  substances,  excepting  in  commercial 
Htarch  and  in  potatoes.  • 

Diastase  method. 

Extract  from  2  to  5  grams  of  the  finely  powdered  substance  with  ether,  bring  the 
extracted  residue  onto  a  filter,  or  into  a  Gooch  crucible,  and  wash  with  150  cc  of  10 
per  ceut  alcohol,  and  then  with  a  little  strong  alcohol.  Place  the  residue  iu  a  beaker 
with  50  cc  of  water,  immerse  the  beaker  in  a  boiling  water  bath,  and  stir  constantly 
until  all  of  the  starch  is  gelatinized;  cool  to  55^  C. ;  add  from  20  to  40  cc  of  mult, 
extract  and  maintain  at  this  temperature  until  the  solution  no  longer  gives  the 
starch  reaction  without  iodin.  Cool  and  make  up  directly  to  250  cc ;  filter ;  bring 
200  cc  of  the  filtrate  into  a  10-ounce  fiask  with  20  ccof  25  percent  hydrochloric  acid 
(sp.  er.  1.125) ;  connect  with  a  reflux  condenser  and  heut  iu  a  boiling- water  bath  for 
two  Bonrs;  exactly  neutralize  while  hot  with  sodium  carbonate,  avoiding  excess, 
and  make  up  to  500  cc.  Mix  the  solution  well,  pour  through  a  dry  filter,  and  deter- 
mine  the  dextrose  in  an  aliquot  part  by  Allihn^s  method,  pages  59-^7,  No.  46.  Con- 
vert the  dextrose  into  starch  by  the  factor  0.90. 
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PSRCBKTAGBS  OF  PENTOSANS  ANEf  GaLACTAN  IN  ORDIKARY  CaTTLE  FkEDS. 

We  desire  at  this  point  to  call  the  particular  attention  of  chemists  to  the  very 
general  distribntlon  of  the  pentosans  and  to  the  extent  of  the  galaotan  in  agricnl- 
tural  plants  and  seeds.  If  methods  where  pressure  is  employed  for  the  determina- 
tion of  starch  do  render  soluble  a  considerable  portion  of  those  other  carbohydrates, 
it  is  evident  that  their  value  must  be  exceedingly-  limited.  The  percentajjes  of  pen- 
tosans and  galaotan  in  various  feeds  are  indicated  in  the  tables  given  below: 

Table  V — Pentosans. 
[Partly  our  own  work,  partly  compiled,] 


Cattle  feeds. 


I  Percent. 


Hay  of  various  grasses  . 

Hay  of  salt  grasses 

Ryestraw 

Wheat  straw 

Barley  straw 

Oat  straw 

Pea  straw 

Corn  stover 


15-22 

24-28 
24.84 
28.50 
24.47 
24.84 
17.11 

15-22 


Clover  hays I  11 


Com  meal... 
Whole  oaU  . 


-15 
6.02 
15. 55 


Cattle  feeds. 

Wheat  meal 

Soy  bean  meal j 

Wheat  bran 

Brewers'  grains | 

Com  cobs \ 

Linseed  meals 

Gluten  feed • 

(iluten  meal 

Dried  distillery  feed  (atlas  gluten  feed). 

Rape  cake | 

Sugar  beets 


Percent. 

8.78 
.1         5.12 
.    15-29 
.|  24-30 

31.34 
.|  13.49 
.;  17.16 
.j  4.50 

13 
5-08 


Table  VI. — Galactan. 


[Determined  by  £.  B.  Holland.] 


Cattle  feeds. 

COARSE  FODDER. 

English  hay 

High  grown  salt  hay 

Black  grass 

Com  stover 

Oat  straw 

Ryestraw 

Foflder  millet 

Canada  beauty  paa  fodder  ... 

Medium  red  chiver  fodder 

Alsiko  clover  iodder 

Mammoth  clover  fodder 

CONCBNTRATBU  FEEDS. 


I    Galac- 
I     tose. 


Galactan. 


Cattle  feeds. 


Galac- 
tose. 


Per  eent. 
1.01 


Per 


Com  meal 

Wheat  meal 

Oat  meal 

Barley  meal 

Wheat  bran 

Millet  meal 

Linseed  meal 

Cotton-seed  meal 

Rice  meal 

Rape  seed 

Brewers'  grain 

Malt  sprouts 

Dwarf  horticultural  bean 


.93  I 

.71 

.76 

.81 

.63  I 

.95 
3.09 
3.73 
4.25  , 
3.77 

.05  I 

.23  1 


cent. 

0.91 

.84 

.64 

.68 

.7.1 

.57 

.86 

2.78 

3.36 

3.33 

3.39 


.81 
.55 

.43  I 

1.31  I 
.63  ' 
L04 

L07 ; 

.56 
.43  1 


I 


.05 
.21 
.73 
.50 
.39 
.60 
L15 
.57 
.94 
.96 
.50 
.39 
.61 


CONCENTBATKD  FEEDS— oon'd. 

ll 

"  Green  soja  bean 

I  Black  soja  bean 

I  Bush  lima  l>ean 

Pole  lima  bean 

Black  wax  benn  (dwarf) 

While  pot  bc4in 

'  Horse  bean 

Canada  beauty  pea 

PruHsian  blue  i>ea 

,  English  gray  ]>ea 

Little  gem  i>ea 

j  Wonder  pea 

I  Peamenl 

1  Vetch  seed 

j  Serradilla  8ee<l 

j  Medium  red  clover  seed 

Mammoth  clover  seed 

I  Crimson  clover  seed 

Alsike  clover  seed 

I  Sweet  clover  8c*ed 

White  clover  seed : . 

I  Alfalfa  seed 

White  lupine  seed 

I  Blue  lupine  seed 
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Per  eetit. 
0.67 


.66 

.52 

.53 

1.83 

.63 

.75 

.84 

1.16 

1.62 

2.09 

1.17 

.60 

2.77 

3.63 

3.49 

6.96 

6.00 

10.08 

5.23 

13.84 

16.29 


Galncta.n. 

I 

Per  eetit. 

{  0.60 

.8t 

.71 

.59 

.47 

.48 

L65 

.57 

.68 

.76 

1.04 

1.46 

2.42 

1.05 

.59 

2.49 

3.27 

3.14 

8  01 

5  40 

9.07 

4.71 

12.46 

14.66 


I 
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Many  of  the  snbstances  tested  show  less  than  1  per  cent  of  galactan,  and  we  are 
not  certain  in  many  cases,  becaase  of  the  small  amount  of  precipitate  obtained, 
whether  the  material  weighed  really  was  mncic  acid  or  partially  decomposed  organic 
matter.  All  substances,  therefore,  containing  less  than  1  per  cent  of  galactan  may 
be  for  the  present  characterized  as  doubtful.  To  settle  the  question  of  the  presence 
or  absence  of  very  small  amounts  of  galactan,  we  shall  either  be  obliged  to  still 
further  perfect  the  method  or  work  with  larger  quantities. 

The  results  as  given  above  show  the  presence  of  very  small  amounts  of  galactan  in 
the  nonleguminous  coarse  fodders  and  seeds.  In  the  leguminous  plants  from  3  to  4 
per  cent  are  present,  while  in  case  of  the  leguminous  seeds,  several  varieties  of  beans 
and  peas  appear  to  contain  very  limited  quantities,  but  the  larger  number  of  such 
seeds  tested  shows  from  1^  to  as  high  as  14  per  cent.  With  the  exception  of  the 
lupines,  the  clover  seeds  contain  the  largest  amounts,  the  seeds  of  the  white  variety 
containing  9  per  cent. 

The  above  results  are  merely  a  report  of  progress.  They  show,  however,  that  the 
galactans' are  not  so  widely  distributed  nor  present  in  such  large  quantities  as  are 
the  pentosans,  and  therefore  do  not  play  such  an  important  part  as  do  the  latter  in 
the  process  of  nutrition. 

The  data  in' the  following  tsible  show  the  relations  existing  between  the  known 
and  unknown  nitrogen-free  matters  in  some  common  substances: 

Difference  between  estimated  carbohydrates  and  extract  matter, 

Substancen.  Corn  meal.   Middlings.    Liipinr. 


Starch  (dia«ta8e  method) 

Pentosans  (phloroglncin  method)  . 
Galactan 


Per  rent. 

l*er  cent.    '  Per  rent. 

61.94  ' 

20. 40              2. 23 

5.67 

19.50  1            9.54 

None.  1 

None.            14. 87 

Total I  70.61  39.90  26.64 

Extract  matter 83.35  58.72  40.38 


Solnble  carbohydrattfM  and  unacooiinted  for 11.74,  18.82  13.74 

Allowing  for  soluble  carbohydrates 3.00  3.00  3.00 


Stfll  unaccountetl  for 8.74  15.82  10.74 

Percentage  of  total  extract  unacconnted  for 10.60  26.90  26.60 


Stone  1  ha«»  already  called  attention  to  this  fact.  Of  the  cause  of  this  difference 
we  are  at  present  ignorant.  A  portion  of  it  can  possibly  be  accounted  for  because 
of  imperfect  metho<ls  for  the  estimation  of  carbohydrates.  In  materials  of  a  woody 
nature,  containing  large  amounts  of  crude  iiber,  it  is  known  that  the  action  of  dilute 
acid  and  alkali  removes  a  considerable  portion  of  the  lignin  acids  so  that  they  are 
reckone<l  with  the  extract  matter.  It  seems,  however,  quite  probable  that  other 
carbohyifrates  or  similar  substances  exist,  which  have  not  as  yet  been  identified. 

Estimation  of  Pentosans. 

Councler  ^  has  suggested  that,  instead  of  phenylhydrazin,  phloroglncin  be  employed 
fortheprecipitjition  and  estimation  of  furfurol  obtained  by  the  distillation  of  various 
substances,  with  dilute  hydrochloric  acid.  Krnger  and  ToUens-^  have  further  studied 
and  perfected  the  metho<l,  and  recommended  it  as  reliable  for  the  estimation  of 
pentosans  in  various  coarse  fodders,  grains,  and  vegetables. 

The  phloroglncin,  like  the  pheuylbydrazin  method,  is  based  on  the  fact  that  the 
pentosans  (araban,  xylan,  etc.)  differ  from  other  carbohydrates  in  that  they  yield 
furforol  instead  of  levulinic  acid,  upon  digestion  with  moderately  dilute  hydro- 
chloric or  sulphuric  acid.    The  lirst  step  necessary  in  both  processes,  for  a  quautita- 

^Journal  of  Am.  Chemical  Society,  Vol.  XIX,  4. 

«Chemikerztg.,  1894,  No.  51. 

^Zeitsch.  Inr  ang.  C'hcm.,  1896,  Heft  II. 
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tive  eHtiination,  is  the  conversion  of  the  pentosans  into  furfurol  and  its  separation 
from  the  resulting  by-products. 

On  account  of  itn  greater  simplicity ,  the  phloroj^lucin  method  is  to  be  preferred. 
We  considered  it  advisable,  therefore,  still  further  to  compare  the  two  metboda 
with  snbatances  containing  different  quantities  of  pentosans. 

PHLOROGLUCIN  METHOD  DR8CRIRED. 

Three  grams  of  the  material  are  brought  into  a  10-ounoe  flask,  toprether  with 
100  cc  of  12  per  cent  hydrochloric  acid  (sp.  gr.,  1.06),  and  several  pieces  of  recently 
heated  pnmice  stone.  The  flask,  placed  upon  wire  gauze,  is  connected  with  a 
Liebig  condenser,  and  heat  applied,  rather  gently  at  flrst,  using  a  gauze  top  to 
distribute  the  flame,  and  so  regulated  as  to  distill  over  30  cc  in  about  ten  minutes 
from  the  time  that  boiling  begins.  The  30  cc  driven  over  are  replaced  by  a  like 
quantity  of  the  dilute  acid,  by  means  of  a  separatory  funnel,  and  the  process  so  con- 
tinued so  long  as  the  distillate  gives  a  pronounced  reaction  with  aniliu  acetate  on 
filter  paper  (a  few  drops  of  anilin  in  a  little  50  per  cent  acetic  acid).  To  the  com- 
pleted distillate  is  gradually  added  a  quantity  of  ))liloroglucin  ^  dissolved  in  12  per 
cent  hydrochloric  acid,  and  the  resulting  mixture  thoroughly  stirred.  The  solution 
first  turns  yellow,  then  green;  and  very  soun  an  amorphous  greenish  precipitate 
appears,  which  grows  rapidly  darker  till  it  finally  becomes  almost  black.  The  solu- 
tion is  made  up  to  500  cc  with  12  per  cent  hydrochloric  acid,  and  allowed  to  stand 
over  night.  In  case  there  is  very  little  furfurol  in  the  substance  tested,  and  the 
resulting  distillate  consequently  small,  it  is  best  to  add  sufficient  12  per  cent  hydro- 
chloric acid  to  the  distillate  before  adding  the  phloroglucin  solution,  so  that,  upon 
the  a<lditioii  of  the  latter  solution,  the  resulting  mixture  will  contain  approximately 
500  cc. 

The  amorphous  black  precipitate  is  filtered  into  a  tared  Gooch  crucible  throngli  an 
asbestus  felt,  washed  with  100  cc  of  water,^  dried  to  constant  weight  by  heating  thri-e 
to  four  hours  at  100^.  C,  cooled  and  weighed,  the  increase  in  weight  being  reckoned 
as  phloroglucid.  To  calculate  the  furfurol  from  the  phloroglucid,-'  use  the  following 
table: 

Calculation  of  furfurol. 


Total  treight  of  phloro- 
glncidobtained. 


'  Divided  I 

by.  I      Total  weight  of  jthloro- 

equals  <  glucid  obtained, 

furfurol. 


0. 20  gram. 
0.22  gram. 
0.24  gram. 
0. 26  gram. 
0. 28  gram. 
0.30  gram. 


1.820 
1.839 
1.856 
1.871 
1.884 
1.895 
0.32gram 1.904 


Furfunil  :-  by  graniA  Bubntaiice  taken  X  1.H4  -  pentosaiiB. 
Furlurol  +  by  grains  Habntauoe  taken  X  1.G5    -  xyliin. 
Furfurol  -i-by  grams  an bntanou  taken  X  2.0.'J  =araban. 


0.34  gram 

0.36  gram.... 

0.38  gram 

0.40  gram 

0. 45  gram 

0.  50  -f-  gram  . 


Divided 

by 
equalA 
furfurol. 


1.911 
1.916 
1.910 
1.920 
1.927 
1.930 


J 


'  Dissolve  twice  as  much  dry  phloroglucin  as  furfurol  expected  in  about  50  cc  of  12 
per  ct^nt  hydrochloric  acid.  Bring  the  hydrochloric  acid  into  a  water  bath,  and  stir 
thoroughly  lill  the  phloroglucin  goes  into  solution. 

^By  allowing  the  suction  pump  to  work  for  some  time  after  the  filtration  is  com- 
pleted, the  drying  is  greatly  facilitated. 

-*The  phloroglucid  is  a  complex  substance,  of  uncertain  formula.  It  contains  63 
to  64  per  cent  of  carbon  and  from  3.6  to  4.2  per  cent  of  hydrogen.  The  factors  for 
calculating  the  amount  of  furfurol  from  the  phloroglucid  were  obtained  after  experi- 
menting with  known  amounts  of  pure  furfurol  and  phloroglucin. 
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PHENYLIIYDRAZIN  METHOD. 


Proceed  exac;tly  as  in  the  phloroglncin  method  until  all  of  the  furfiirol  is  distilled 
over.  Pour  the  combined  distillates  into  a  700  to  800  cc  beaker.  If  the  distillates 
be  less  than  400  cc,  add  10.2  grams  of  sodium  chiorid  for  each  50  co  less  than  that 
Tolumey  and  complete  the  volume  with  water  to  400  cc.  Neutralize  exactly  with 
sodium  carbonate,  covering  the  beaker  with  a  watch  glass  during  the  process,  and 
make  up  to  500  cc ;  add  10  cc  of  phenylhydrazin  ^  solution,  precipitating  the  fur- 
furol  as  furfurol  hydrazone.^  Stir  thirty  minutes,  preferably  with  an  automatic 
stirrer,  and  filter  the  solution,  usiug  the  necessary  suction,  into  a  so-called  sugar 
tube  about  three-quarters  inch  in  diameter  and  6  to  7  inches  long,  drawn  out  at  the 
lower  end  and  filled  with  glass  wool.  Remove  the  adhering  particles  with  a  feather, 
and  do  not  use  over  100  oc  of  wash  water.  The  drying  can  be  very  much  hastened  by 
allowing  the  filter  pump  to  run  for  some  time  after  the  washing  has  been  completed. 

Complete  the  drying  in  a  specially  constructed  air  bath  ^  at  55^  C.  To  accomplish 
this,  a  partial  vacuum  is  made  by  drawing  air  through  the  tube  by  aid  of  a  suction 
pump,  the  air  supply  being  regulated  by  pinchcocks.  The  air  before  entering  the 
tube  is  conducted  through  sulphuric  acid  to  dry  it,  and  through  vertical  glass  tubes 
containing  small  pieces  of  marble,  to  remove  any  sulphuric  acid  that  might  be  car- 
ried over  mechanically.  Cool  the  tubes  in  a  desiccator  and  weigh.  Dissolve  out 
the  precipitate  with  hot  alcohol  and  reweigh,  and  consider  the  loos  in  weight  as 
furfurol  hydrazone. 

FACTORS. 


Furfurol  hydrazone  x  .516  +  .01(U  -^  weight  of  substance  taken - 
Furfurol  x  1.84= pentosans. 
Furfurol  x  1.65  =  xy Ian. 
Furfurol  x  2.03  =  araban. 

Table  VII. — Results  of  comparative  tests. 


-  furfurol. 


AoalvBta. 


1.  Corn  meal. 

Phenyl-  Pliloro- 
hydrazin ,  i^hiciu 
method.  '  method. 


2.  Lupine  seed.        3.  Wheat  middlings. 


Phenyl-  ,  Phloro- 
hi'drazin  gliiciu 
method,   i  method. 


I 


W.  H.  Kpug,  U.  S.  Dept,  of  Agrl . 
C.  D.  Howard,  N.  H.  Exp.  Stat. . . 


Percent. ;  Percent.     Percent,  i  Percent. 

4.78  I '        «12.23    

I  5.40  ' 8.89  ' 


Phenyl-  , 
hydra'zin 
iliethod.  I 


Per  cent. 
18.19 


C.  A.  Brown,  Jr.,  Penn.  Exp.  Stat. , 
E.  B.  Holland,  Mass.  Exp.  Stat ... 

Average 


(5. 94) 
5.11 
4.72  I 


5.60 

6.02  I 


(9.91)1 
9.04  i 
9.45  I 


9.80  I 
9.94 


(19.  63) 
18.77 
20. 23 


Phloi-o- 
glucin 
method. 


Per  cnt. 


I  19. 50 

I  20. 51 


4.87 


5.67  I 


9.24 


9.54 


19.06  : 


19.50 


'  Excludeil  from  average. 


In  com  meal  the  phloroglncin  method  gives  noticeably  higher  results.  Mr.  Wiley 
reports  a  similar  experience  with  wheat,  securing  5  per  cent  of  pentosans  by  the 
phenylhydrazin  and  8  per  cent  by  the  phlorogluciu  method.  A  sample  of  wheat 
tested  in  our  laboratory  gave  6. 90  per  cent  by  the  former  and  8. 78  per  cent  by  the 
latter  method.  We  are  at  present  unable  to  accouut  for  this  difference.  Excepting 
the  grain.s,  it  can  be  said  that  the  phloroglncin  gives  only  very  slightly  higher 
results  than  the  phenylhydrazin  method.     Mr.  Brown,  in  Mr.  Frear's  laboratory,  had 


*  Twelve  grams  of  recently  distilled  phenylhydrazin  and  7.5  grams  of  glacial 
acetic  acid  filled  to  100  cc  with  water  and  well  shaken. 

-After  the  addition  of  the  phenylhydrazin  the  solution  should  react  ouly  very 
sUghily  acid.    This  is  very  important.    If  necessary  add  tho  required  acetic  acid. 

3 See  Twelfth  Report  Massachusetts  Experiment  Station,  1894,  p.  188. 
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difficalty  in  Becaring  a  oleiir  filtrate  after  stirring  the  phonylhydrazin  precipitate 
for  a  lialf  hour  and  filtering.  By  allowing  the  filtrate  to  stand  forty-eight  hours 
and  then  filtering  again  he  secured,  after  deducting  a  hlank  for  the  decomposition 
of  the  phenylhydrazin  itself,  0. 039  graui,  which  he  assumes  to  be  phonylhydrazin. 
In  the  figures  inclosed  in  the  above  table,  he  has  added  this  to  his  original  weight, 
and  in  making  the  calculations  for  pentosans  omitted  to  add  0. 0104,  us  the  formula 
proscribes.  It  is  to  be  confessed  that  by  this  means  his  results  are  brought  nearer 
those  obtained  by  the  other  method,  yet  because  of  the  way  in  which  the  method 
was  made  up  this  would  hardly  be  allowed. 

RECOMMENDATION'. 

We  recommend  the  phloroglucin  method,  as  described  above,  as  the  provisional 
method  for  the  estimation  of  furfurol  in  agricultural  products. 

SUGGESTION. 

It  is  suggested  that  further  study  be  given  to  these  methods,  in  order  to  ascertain 
their  apparent  lack  of  agreement  when  employed  for  the  estimation  of  pentosans  in 
the  grains. 

Estimation  of  Galactan. 

For  the  estimation  of  galactan  the  following  method  is  recommended : 
Bring  3  grams  of  the  substance  into  a  beaker  about  5.5  cm  in  diamet-er  and  7  cm 
deep,  together  with  60  cc  of  nitric  acid  of  1.15  specific  gravity,  and  evaporate  the 
solution  to  exactly  one-third  of  its  volume  in  a  water  bath  at  a  temperature  of  94^ 
to  96^  C.  After  standing  twenty-four  hours,  add  10  cc  of  water  to  the  precipitate 
and  allow  it  to  stand  another  twenty -four  hours.  The  mucic  acid  has  in  the  mean- 
time crystallized,  but  is  mixed  with  considerable  material  only  partially  oxidized 
by  the  nitric  acid.  The  solution  is  tlierefore  filtered,  washed  with  30  cc  of  water  to 
remove  as  much  of  the  nitric  acid  as  possible,  and  the  filter  and  contents  brought 
back  into  the  beaker.  Thirty  cc  of  ammonium  carbonate  solution,  consisting  of  1 
part  ammonium  carbonate,  19  parts  water,  and  1  part  strong  ammonia  are  added, 
and  the  beaker  brought  into  a  water  bath  and  heated  gently  for  fifteen  minutei. 
The  ammonium  carbonate  takes  up  the  mucic  acid,  forming  the  soluble  mucate  of 
ammonia.  The  solution  is  filtered  into  a  platinum  or  porcelain  dish,  and  the  residue 
thoroughly  wtished  with  water  to  remove  all  of  the  mucate  of  ammonia.  The  fil- 
trate is  evaporated  to  dryness  over  a  water  bath,  and  5  cc  of  nitric  acid  of  1.15 
specific  gravity  are  added,  thoroughly  stirred  and  allowed  to  stand  for  thirty  min- 
ntes.  The  nitric  acid  decomposes  the  ammonium  mucate,  precipitating  the  mucic 
acid,  which  is  collected  on  a  tared  filter  or  Gooch  crucible,  washed  with  from  10  to 
15  cc  of  water,  then  with  60  cc  of  alcohol,  and  quite  a  number  of  times  with  ether, 
dried  at  100"  for  a  short  time,  and  weighed.  The  mucic  acid  multiplied  by  1.33  gives 
galactose,  and  this  multiplied  by  0.9  gives  galactan. 

Papers  relating  to  the  analyses  of  feediug  stuffs  were  called  for  and 
the  following  report  was  made. 

PEELDONAEY  EEPOET  ON  THE  ESTIMATION  OF  FAT  IN  FODDEES  AND 

QEEEN  MATERIALS. 

By  B.  W.  KiLGORK. 

"Ether  extract''  is  known  by  all  chemists  not  to  represent  the  true  fat  in  fodders, 
bays,  and  green  feeding  materials.  That  it  would  be  highly  desirable  and  impor- 
tiint  to  be  able  to  determine  pure  fat  instead  of  ether  extract  in  this  class  of  snb< 
stances  is  also  recognized  by  all  who  have  to  do  with  them  in  a  way  where  the 
qnestiou  of  a  knowledge  of  their  composition  is  involved.  So  far  ns  we  know,  no 
method  for  obtaining  pure  lat  frcm  these  materials  has  yet  been  worked  out.     With- 
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ont  going  into  a  consideration  of  the  character  of  the  substances  in  ether  extract 
other  than  fat  or  of  their  possible  value  iu  uutritiou ;  without  considering  th*.'  effect 
of  a  method  giving  pure  fat  on  the  large  accumulation  of  data  in  the  past  iu  the 
analysis  of  foods  and  feeding  stufis  and  in  feeding  experiments  for  beef  aud  butter, 
or  what  would  be  the  effect  of  such  a  method  on  this  class  of  work  iu  the  future; 
and  without  mentioning  the  numerous  failures  which  have  been  encountered  iu  the 
conrse  of  a  study  of  this  subject  during  the  past  eighteen  months  (since  March, 
1896),  or  giving  the  reasons  which  led  to  the  procedure  in  the  uiethod,  I  merely  pro- 
pose to  make  a  preliminary  statement  to  the  association  of  the  success  I  have  had  iu 
working  out  a  method  for  the  estimation  of  pure  fat  in  the  class  of  materials  referred 
to.  Work  on  this  subject  is  still  in  progress  in  our  laboratory,  aud  we  ask  that  the 
matter  be  left  to  us  until  wo  have  had  time  to  perfect  the  method  and  obtain  sutli- 
cient  data  for  a  detailed  report. 

There  are  two  methods  of  procedure,  both  giving  about  the  same  results,  which 
appear  to  be  quantitative.  Most  of  our  work  has  been  done  on  the  soja-bean  plant, 
which  gives  quite  an  impure  extract,  hut  enough  other  nuiterials  has  been  experi- 
mented upon  to  make  us  believe  that  the  methods  will  be  good  for  all  substances. 

The  first  procedure,  which  gives  not  the  fat  but  the  fatty  acids,  is  briefly  as 
follows : 

Extract  the  material  thoroughly  with  ether  or  benzine,  and  afterwards  with 
alcohol  if  pecessary.  (Especially  with  old  materials  and  leguminous  plants  contain- 
ing lecithin,  alcohol  will  remove  fat  which  is  not  soluble  in  ether  or  benzine.) 
Remove  the  solvent,  saponify  with  alcoholic  potash  or  soda;  evaporate  the  alcohol, 
take  up  the  soap  with  hot  water,  decompose  with  hydrochloric  acid,  add  some 
woolly  asbestus,  and  stir  to  collect  the  fat;  filter  aud  wash  with  warm  water,  par- 
tially dry  on  water  bath,  and  extract  with  carefully  fractioned  benzine  of  30-'-50-  C. 
This  gives  .apparently  quite  pure  fatty  acids,  usually  of  a  slightly  yellowish  color. 

The  second  procedure  is  to  extract  material  with  benzine  through  proper  amounts 
of  anhydrous  copper  sulphate,  neutral  precipitated  calcium  carbonate,  calcium  chlo- 
rid,  or  plaster  of  Paris.  These  substances  hold  back  the  chlorophyll  and  coloring 
matter  and  yield  very  nice  extracts.  Some  other  salts  act  iu  the  same  way  as  the 
above,  but  possess  no  advantage  over  them.  These  salts  do  not  render  the  coloring 
matter  of  plants  insoluble  in  ether. 

DISCUSSION  OF  ESTIMATION  OF  STARCH. 

Mr.  Wiley.  I  have  been  as  iniicb  interested  in  this  paper  as  in  any- 
thing else  that  has  been  presented,  not  only  because  I  take  very  par- 
ticular interest  in  the  question,  but  because  it  is  the  beginning  of  the 
themes  which  are  to  be  the  great  discussions  of  this  association  in  the 
future.  We  have  practically  exhausted  the  subjects  of  potash,  nitro- 
gen, and  phosphoric  acid.  In  subsequent  years  we  may  make  a  few 
amendments  in  processes,  but  it  is  perfectly  certain  that  unless  some 
new  discoveries  be  made  in  analytical  chemistry  our  methods  in  these 
respects  are  practically  fixed,  and  the  future  work  of  the  association 
lies  in  those  lines  which  have  been  neglected  in  the  past.  This  queslion 
of  food  products,  is  one  of  the  greatest.  The  discussion  of  our  food 
materials  in  their  economic  uses,  as  well  as  their  actual  composition,  is 
one  of  the  great  problems  now  confronting  the  agricultural  chemists 
of  the  world. 

You  will  be  struck  by  this  fact,,  that  the  method  which  is  recom- 
mended by  the  referee  as  the  one  which  should  be  followed  as  a  pro- 
visional method  is  the  one  which  gives  almost  the  widest  variations  in 
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results  in  the  hands  of  the  analyst.  Now,  I  appreciate  the  reasons 
which  led  the  referee  to  make  this  recommendation,  and  I  do  not 
think  I  could  have  done  otherwise  than  make  the  same  one  myself; 
but  at  the  same  time  we  must  admit  that,  even  in  the  hands  of  the 
experienced  analyst,  the  widest  results  are  obtained  in  the  application 
of  this  method.  Kow,  the  diastase  method  rests  upon  the  assumption 
that  this  ferment  will  bring  into  solution  all  the  starch  particles.  This 
is  a  fundamental  error  to  begin  with.  It  may  or  it  may  not;  usually  it 
does  not.  In  the  first  place  the  action  of  diastase  is  conditioned  by  a 
great  maiiy  things  in  the  environment — the  temperature,  the  degree  of 
fineness  (which  is  very  important),  and  the  character  of  the  diastase 
itself.  We  can  not  all  use  the  same  solutions.  We  have  to  make 
them  as  we  use  them,  and  there  are  differences  in  malt.  The  result  is 
that  half  a  dozen  men  of  this  association,  in  buying  malt  or  preparing 
it  themselves,  get  solutions  which  are  distinctly  difl'erent  in  their 
hydrolytic  properties.  Here  is  a  fundamental  error  of  the  diastase 
method — that  we  do  not  all  work  with  the  same  materials  or  reagents. 
We  prescribe  our  diastase  solution  to  be  made  according  to  a  certain 
method,  and  yet  every  man  who  makes  it  mjiy  have  a  solution  of  a 
different  strength,  although  he  follows  exactly  the  directions  of  the 
referee. 

Another  thing,  there  is  no  way  of  knowing  that  the  starch  is  dis- 
solved except  by  actual  examination.  I  do  not  believe  there  is  a  mem- 
ber here  who  can  take  a  ground  cereal  and  extract  the  starch  from  it 
by  a  single  treatment  with  diastase.  The  only  safe  way  is  to  take  a 
portion,  stain  it,  and  examine  with  the  microscope.  If  you  get  a  blue 
color,  repeat  the  treatment  with  diastase. 

Now,  with  regard  to  the  operation  of  diastase  upon  pentosans,  I  am 
glad  to  have  the  matter  brought  before  the  association,  because  Mr. 
Krug  and  I  have  paid  a  good  deal  of  attention  to  it.  Mr.  Krug  bas 
found,  as  other  investigators  of  the  matter  have,  that  the  action  of  dias- 
tase upon  pentosans  is  not  a  very  vigorous  one,  and,  as  the  referee  very 
aptly  suggested,  it  may  be  due  to  the  water  rather  than  to  the  diastase. 
But,  at  least,  of  all  reagents  used  for  separating  starch  from  its  com- 
pounds in  cereals,  diastase  acts  least  vigorously  on  the  pentosan  and 
other  insoluble  carbohydrate  bodies  not  starch,  present.  For  that  rea- 
son, it  is  to  be  recommended  above  all  other  reagents  which  have  been 
proposed  for  this  purpose.  A  paper  was  published  not  long  ago  by 
Konig,in  Germany,  claiming  that  diastase  does  dissolve  large  percent- 
ages of  pentosans,  and  this  theory  we  subjected  to  a  very  careful  and 
critical  examination.  Mr.  Krug  found  this  claim  was  a  mistake;  that 
while  diastase  did  act  to  a  certain  extent  in  dissolving  the  pentosan 
bodies  present  it  was  to  a  very  limited  extent.  On  the  other  hand,  we 
found  that  salicylic  acid  under  certain  conditions  would  dissolve  as  high 
as  90  per  cent  of  the  pentosans  present.  So  we  have  modified  our 
method  with  regard  to  starch  determinations  in  this  way,  that  inas* 
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much  as  all  reagents  which  dissolve  starch  do  dissolve  pentosans  to  a 
certain  extent  it  is  useless  to  seek  for  a  reagent  which  will  not. 

Then  the  question  arises:  Should  we  not  pursue  a  method  which  will 
get  the  starch  at  once  into  solution  without  respect  to  the  action  of  the 
reagent  on  the  pentosan  bodies?  Our  modification,  therefore,  has  been 
to  eliminate  the  slowly  acting  bodies  and  take  strongly  acting  bodies 
like  salicylic  acid  under  high  pressure,  and  then,  after  determining 
the  total  copper  which  is  precipitated  in  this  solution,  determine  the 
pentosan  bodies  therein,  or  the  galactan  bodies  if  they  have  been  acted 
upon,  and  deduct  from  the  total  the  sugar  equivalent  to  these  bodies. 

The  question,  of  course,  of  the  amount  of  other  bodies  yielding  dex- 
trose from  the  fiber  which  may  be  present  has  yet  to  be  considered. 
Nevertheless,  we  use  practically  the  diastase  method  in  our  determina- 
tions. We  find,  as  the  referee  finds,  that  we  can  not  conscientiously 
make  any  other  recommendation  at  the  present  time,  but  we  simply 
insist  upon  the  fact  that  all  the  starch  bodies  shall  be  brought  into 
solution. 

Another  question  is  important.  The  estimation  of  potash,  of  phos- 
phoric acid,  and  of  nitrogen  is  easy,  but  it  is  a  difficult  thing  to 
estimate  starch.  In  the  first  place,  ordinarily  the  quantity  of  material 
acted  upon  is  small  and  then  only  a  very  small  aliquot  of  that  material 
is  used,  so  that  we  get  in  the  end  only  150  to  200  milligrams  as  repre- 
senting the  total  weight  of  the  material.  Hence,  any  errors  in  manipu- 
lation are  greatly  magnified  before  the  result  is  reached,  and  there  is 
no  manipulation  which  the  agricultural  chemist  is  called  upon  to  engage 
in  which  requires  so  much  skill,  delicacy,  and  care  in  every  detail  as 
the  estimation  of  starch. 

Then  we  have  wide  diflferences  in  the  methods  of  determining  copper. 
One  chemist  determines  it  by  the  volumetric  method;  another  will  pre- 
cipitate and  weigh  the  copper  as  oxid  after  ignition;  another  will,  after 
precipitation  of  the  copper,  bring  it  into  solution  and  precipitate  it 
electrolytically  and  weigh  it  as  metallic  copper.  Theoretically,  all  these 
methods  should  yield  good  results,  but  it  seems  to  me  that  in  practice 
we  ought  to  use  a  uniform  method.  We  have  long  since  abandoned  in 
our  laboratory  any  attempt  to  estimate  copper  volumetrically.  In  the 
sugar  factory,  the  volumetric  method  is  to  be  recommended,  because  it 
is  quick  and  reasonably  accurate  for  control  purposes,  but  for  all  such 
pnrjwses  as  ours  for  fixing  methods  the  volumetric  method  must  be 
absolutely  eliminated;  that  we  must  accept  as  true. 

With  regard  to  the  differences  between  estimations  as  oxid  of  cop 
per  and  metallic  copper,  I  think  experience  leads  us  to  prefer  in  every 
respect  metallic  copper,  and  I  believe  the  association  should  adopt  that 
as  its  method.  The  copper  should  be  deposited  electrolytically  and 
weighed  as  metallic  copper.  If  a  great  many  of  these  determinations 
be  made  it  requires  very  little  more  time  than  the  other  methods  I 
have  mentioned.    The  analyst  working  through  the  day  and  preparing. 
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say,  twenty  of  these  solutions,  can  connect  them  over  night  with  the 
current  and  in  the  morning  will  find  the  copper  precipitated.  There- 
fore we  strongly  recommend  this  electrolytic  method  for  the  determina- 
tion (if  copper. 

The  bodies  which  yield  furfurol  on  distillation  are  far  from  being 
simple  in  their  composition.  Ilere  is  another  great  trouble  we  experi- 
ence. We  assume  that  all  the  furfurol  yielded  is  due  to  a  definite 
body,  araban  or  xylan.  Now  that  is  a  great  error,  I  am  sure.  If  all 
kinds  of  fibers  be  treated  for  pentosan  there  will  be  found  a  certain 
quantity  of  pentosan  bodies  which  are  dissolved  very  rapidly  by  alka 
line  solution  from  these  bodies.  There  is  another  large  quantity  of 
substance,  the  furfurologenes,  which  is  not  dissolved  at  all,  or  only 
slowly,  by  alkaline  bodies.  Krug  has  shown  that  fibers  treated  for 
several  hours  at  high  i)re8sure  with  caustic  soda  of  a  certain  strength 
contain,  still  undissolved,  large  quantities  of  bodies  yielding  furfurol. 
So  we  have  here  very  great  differences  in  these  bodies.  Bevan  and 
Cross  have  called  attention  to  this  and  have  also  proposed  the  name 
furfuroid  bodies  for  those  which  are  different  from  araban,  xylan,  etc. 
These  are  probably  substances  which  have  different  degrees  of  solu- 
bility. Now  what  is  the  relation  of  these  bodies  to  the  original  amount 
of  furfurol  yielded? 

We  have  found  this,  that  there  is  no  unaccounted-for  matter,  or  at 
least  only  a  trace,  in  cereals  if  all  the  starch  and  all  the  furfurol  yiehling 
bodies  calculated  as  xylose  be  determined.  That  practically  com- 
pletes the  whole  of  the  cereal  material.  We  have  in  cereals  little 
galactan.  We  have  a  certain  amount  of  soluble  sugars  which  pass 
into  solution,  mineral  salts,  organic  compounds,  phosphorus,  sulphur, 
etc.,  and  a  careful  estimation  of  the  starch  of  a  cereal  by  the  diastase 
method,  together  with  a  determination  of  the  other  ingredients  by 
approved  methods,  yields  practically  100  per  cent.  Mr.  Krug  has 
obtained  results,  working  with  the  greatest  care,  on  large  numbers 
of  cereals,  which  come  almost  as  near  footing  up  100  as  ordinary  min- 
eral analyses.  When  it  comes  to  the  other  feeding  stuff's  and  fibers, 
the  presence  of  this  large  amount  of  a  furfurol-yielding  body  not 
soluble  in  alkali  under  high  pressure  complicates  the  determination; 
but  I  have  no  doubt  when  this  relation  is  established,  i.  e.,  the  furfurol 
relation  to  this  other  class  of  bodies,  this  gap  will  be  filled  up. 

There  is  one  recommendation  of  the  referee  which  I  hope  the  com- 
mittee will  take  into  serious  consideration,  and  that  is  in  regard  to 
shortening  the  time  of  conversion.  It  is  highly  important  that  the 
dextrinoid  bodies  separated  in  starch  determinations  be  converted  into 
dextrose,  because  dextrose  is  the  body  we  determine.  Now,  while  two 
hours'  boiling  will  be  sufllcient  in  most  cases,  I  do  not  think  the  addi- 
tional hour  is  going  to  do  any  harm.  If  the  time  be  diminished,  the 
liability  to  error  is  increased.  Of  course  there  is  a  difference  between 
boiling  and  heating  to  the  boiling  point.  At  any  rate,  the  conversion 
must  be  complete  before  the  dextrose  can  be  determined. 
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I  do  not  know,  Mr.  President,  of  any  more  important  subject  than 
tlie  one  which  the  referee  has  so  admirably  brought  before  us.  The 
statements  in  his  paper  demand  and  should  receive  the  serious  con- 
sideration of  every  member  of  our  association.  I  should  like  to  see 
more  of  our  members  giving  their  attention  to  the  investigation  of 
these  important  problems.  There  is  plenty  of  room  for  investigation; 
nobody  has  preempted  the  whole  field. 

Mr.  LiNDSEY.  It  has  been  very  gratifying  to  me  to  have  Mr.  Wiley 
bring  up  this  matter.  I  realize  that  my  paper  is  imperfect,  since  we 
have  not  had  time  to  go  over  all  the  points  we  desire  to  treat.  I  want 
to  make  one  explanation,  however,  and  that  is,  he  has  suggested  in  his 
method,  which  gives  not  only  starch  but  also  galactans  and  pentosans, 
that  all  these  be  taken  from  the  total,  and  from  that  be  taken  the 
amount  of  pentosans  and  galactans,  and  the  remainder  be  called  starch. 
That  I  can  not  accept,  because  I  am  convinced  that  by  this  pressure  a 
portion  of  the  galactan  and  pentosans  is  destroyed,  so  tlutt  we  can  not 
get  them  into  bodies  which  will  reduce  copjHir.  I  realize  the  difficulty 
of  bringing  starch  into  solution  by  the  aid  of  diastase,  yet  I  am  con- 
vinced that  at  present  we  can  get  safer  results  by  the  diastase  method 
than  by  any  other,  when  we  are  attempting  to  estimate  pure  starch: 
and  if  Mr.  Wiley  will  refer  to  the  table  he  will  find  that  Mr,  Krug  (in 
Table  6, 1  think)  got  very  similar  results  with  the  diastase  method  and 
the  Msircker  method.  I  can  not  see  how  that  is  possible.  You  will 
also  notice  that  in  wheat  middlings  he  got  31  per  cent  with  the  diastase 
method  and  35  per  cent  with  the  Marcker  method.  I  think  his  dia- 
stase must  have  worked  pretty  severely  in  that  case.  I  can  not  recon- 
cile his  figures  at  all.  I  believe  the  diastase  method,  at  the  present 
time,  is  the  safest  method. 

In  describing  the  diastase  method  I  have  recommended  that  the  sub- 
stance be  powdered.  I  am  convinced  that  in  passing  it  through  a  mil- 
limeter sieve  we  do  not  get  it  as  fine  as  we  ought.  To  get  all  the  starch 
acted  ux)on  by  the  diastase,  the  substance  should  be  put  into  the  form 
of  a  powder.  I  do  not  doubt  that  the  Department  of  Agriculture  got 
really  more  starch  than  we  did.  But  by  the  ordinary  method,  as  it  is 
recommended  by  Marcker  and  others,  the  statement  is:  Treat  with 
diastase  solution  until  the  substance  no  longer  gives  iodin  reaction  for 
starch.  That  we  followed  out.  I  believe  by  grinding  it  fine  we  can 
get  more  starch.  With  reference  to  the  methods  for  precipitation  of 
copper,  I  think  Mr.  Wiley  is  right. 

Mr.  Wiley.  A  cereal  can  be  treated  by  the  diastase  method  until 
by  the  ordinary  test  it  gives  no  starch  reaction  at  all,  yet  if  examined 
by  the  microscope  it  is  found  that  plenty  of  starch  is  left.  It  is  because 
these  starch  granules  are  entirely  surrounded  by  proteid  and  other 
incrusting  matters  that  they  escape  solution.  This  fact  led  Mr.  Krug 
and  myself  to  try  an  interesting  modification  which  we  think  will  be  of 
great  benefit,  and  that  is  to  digest  previously  with  pepsin  before  using 
the  diastase  at  all.    Our  attention  was  called  to  pepsin  by  a  French 
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chemist,  Mr.  Lindet,  who  proposes  to  estimate  starch  directly  as  starch, 
and,  by  the  way,  his  method  is  an  excellent  one  for  technical  purposes. 
He  digests  his  cereal  with  pepsin  and  then  washes  on  silk  cloth,  col- 
lects the  starch,  dries  and  weighs  it;  and  for  technical  purposes  that  is 
the  best  method.  Mr.  Krug  has  tried  this  method  very  thoroughly  and 
finds  the  amount  of  fiber  held  by  the  starch  is  not  very  different  from 
the  amount  of  starch  which  remains  in  the  fiber.  It  is  an  excellent 
technical  method  and  a  fairly  good  analytical  one.  This  suggested 
to  us  the  previous  solution  of  this  proteid  matter  before  applying  the 
diastase. 

Mr.  LiNDSEY.  Would  it  not  be  wise  to  digest  all  the  material,  every- 
thing, with  pepsin! 

Mr.  Wiley.  We  don't  know  but  it  would.  We  have  not  gone  far 
enough  to  say,  but  our  results  are  very  promising. 

Mr.  Bartlett  asked  if  longer  boiling  in  water  would  not  be  eflPective 
in  getting  at  the  starch. 

Mr.  Wiley.  I  think  no  amount  of  boiling  would  separate  the  starch 
from  this  proteid  film.  While  boiling  is  an  excellent  thing  for  most 
starch  granules,  it  can  not  reach  the  trouble  we  have  here.  No  amount 
of  boiling  will  disintegrate  these  granules. 

Mr.  WiNTON.  Where  only  a  few  determinations  are  to  be  made  a 
very  good  substitute  for  diastase  is  ordinary  human  saliva.  This 
method  was  suggested  by  Professor  Chittenden,  of  Yale,  who  has 
worked  out  very  carefully  the  diastatic  action  of  saliva  and  has  given 
exact  instructions  for  securing  its  maximum  action.  1  tried  this 
method  eight  or  ten  years  ago  and  found  the  starch  was  very  com 
pletely  brought  into  solution.  The  action  was,  if  anything;  quicker 
than  that  of  diastase.  We  have  no  correction  for  sugar  to  make  in 
this  reagent. 

Mr.  Wiley.  The  trouble  with  saliva  is  that  it  is  rather  difficult  to 
filter.  It  takes  a  long  time  to  get  it  through.  Ot  course,  this  use  of 
saliva  is  an  old  one;  we  have  tried  it  also,  but  did  not  think  its  activ- 
ity, except  in  perfectly  free  granules,  was  sufficient.  Then  we  had 
great  difficulty  in  filtration;  even  diastase  does  not  filter  any  better 
than  it  should. 

Mr,  Van  Slyke  moved  to  postpone  discussion  of  the  next  three  papers 
relating  to  foods  until  all  three  had  been  read.    Adopted. 

Mr.  Kilgore  presented  informally  a  preliminary  report  on  some  work 
he  had  been  doing  in  the  estimation  of  fat.    The  chair  suggested  that 
Mr.  Kilgore  write  up  this  statement  in  form  for  publication  in  the  pro 
ceedings,  which  Mr.  Kilgore  agreed  to  do.^ 

Mr.  Hills  exhibited  some  blue  prints  of  a  mill  which  he  had  in  nse 
for  grinding  fodder  samples,  and  described  its  operation. 


>  The  paper  by  Mr.  Kilgore  is  found  on  page  98. 
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The  chair  called  for  the  report  on  food  legislation.  This  was  read  by 
Mr.  Wiley,  as  follows: 

BEPOET  OH  POOD  LEGISLATION. 

To  Ihe  President  and  Members  of  ihs  Assooiaiion  of  Official  Agricultural  Chemists. 

Gentlemen:  Your  committee,  appointed  to  consider  the  Hubject  of  pnro-food 
legislation,  begs  to  make  the  following  report: 

The  importance  of  a  general  pore-food  law  for  the  District  of  Columbia  and  the 
Territories  of  the  United  States,  and  for  foods  passing  from  one  State  to  another,  is 
admitted  by  all  who  hnve  devoted  any  attention  to  the  snbject  of  pnre-food  legis- 
lation. The  authority  of  the  National  Congress  can  not  go  beyond  the  limits  men- 
tioned above.  Already  the  National  Legislature  has  passed  a  local  food  law  for  the 
District  of  Columbia,  which  in  many  of  its  provisions  wonld  be  suitable  for  general 
legislation.  It  is  important,  however,  that  a  national  food  law  which  will  apply  to 
the  whole  country  within  the  limits  mentioned  above  should  be  typieal  in  character 
and  become  a  basis  upon  which  the  State  legislatures  might  model  the  local  laws 
for  the  several  States.  Not  only  is  it  evident  that  legislation  in  regard  to  pure 
foods,  both  national  and  State,  is  of  the  utmost  importance,  but  it  is  also  at  once  evi- 
dent that  there  should  be  a  general  agreement  in  the  provisions  of  the  laws  enacted 
by  the  General  Government  aud  by  the  States.  Your  committee  would  recommend 
that  this  association  urge  upon  Congress  the  passage  of  a  pnre-food  law,  the 
essential  provisions  of  which  are  the  same  as  the  Paddock  law,  which  passed  the 
Senate  on  March  9, 1892,  but  failed  to  come  to  a  vote  In  the  House  of  Representatives. 
Your  committee  would  recommend  a  reintroduction  of  the  bill  with  a  few  slight 
modificationr.  which  follow  in  the  appended  copy.^  Your  committee  is  of  the  opinion 
that  a  general  bill  regulating  food  adulteration  wonld  be  far  more  effective  than  the 
passage  of  particular  acts,  such  as  those  relating  to  the  manufacture  and  sale  of  oleo- 
mar^rarine,  filled  cheese,  etc.  The  whole  snbject  of  food  adulteration  should,  in  the 
opinion  of  your  committee,  be  treated  in  a  broad  and  scientific  spirit  by  the  National 
Legislature  in  such  a  way  as  to  secure  the  enactment  of  a  law  which,  in  its  scope 
and  method  of  application,  could  serve  as  a  model  for  similar  laws  in  all  the  States. 
In  conclusion,  your  committee  would  recommend  that  if  favorable  action  be  taken 
upon  the  report  herewith  submitted,  the  same* be  transmitted  to  the  proper  com- 
mittees of  the  national  House  of  Representatives  and  of  the  Senate,  with  the  indorse- 
ment of  this  association  favorable  to  a  speedy  action  along  the  lines  mentioned. 
Respectfully, 

H.  W.  Wiley. 

H.  A.  Huston. 

A.  S.  Mitchell. 

The  referee  oil  dairy  products  read  the  following  report: 

EEPOET  OH  METHODS  POE  THE  ANALYSIS  OP  DAIEY  PE0DU0T8. 
By  L.  L.  Van  Slyke,  Referee. 

The  cooperatire  analytical  work  on  dairy  products  has  been  limited  this  year  to  a 
study  of  methods  used  for  determining  the  caHein  and  albamin  in  cow's  milk. 

Some  special  work  has  been  done  by  the  referee  also  in  order  to  call  attention  to 
some  deficiencies  existing  in  the  preseut  statement  of  oar  official  method  for  deter- 
mining milk  solids. 


^  See  pure-food  bill,  introduced  into  the  House  of  Representatives  by  the  lion. 
Mr.  Brosius.    H.R.5441. 
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The  referee  was  anthorized  by  vote  of  the  aasociation  to  stndy  methods  for  iden- 
tify Lug  filled  cheese  and  milk  adulterants  used  m  the  form  of  milk  prcservntives. 
At  the  suggestion  of  tbe  chairman  of  the  committee,  appointed  to  report  methods 
for  the  detection  of  food  adulterants,  I  have  made  the  present  report  cover  dairy  prod- 
ucts in  general. 

Dktermination  of  Casein  and  Albumin  in  Cow's  Milk. 

There  is  probably  no  class  of  compounds  in  agricultural  chemistry  about  which 
there  is  more  variation  of  statement  than  the  nitrogen  compounds  of  cow's  milk. 
Thus,  Duclaux  declares  there  is  only  one,  while  Halliburton  says  unqualifiedly, 
"The  proteids  which  occur  in  milk  are  two  in  number."  Wiley  names  four,  but  states 
that  the  number  and  kiud  of  proteid  bodies  are  not  known  with  definiteness. 
Sebelien  says  that  milk  contains  globulin,  and  Halliburton  says  this  is  a  mistake. 
New  nitrogen  compounds  are  frequently  reported  as  being  found  in  milk. 

The  referee  did  not  have  it  in  mind  to  harmonize  these  disagreements  or  settle 
these  disputed  questions,  but  simply  to  assume  as  true  what  is  most  palpable,  and 
study  methods  based  on  these  assumptions. 

From  general  chemical  behavior  we  can  assume,  with  our  present  light,  that  cow's 
milk  contains  at  least  three  kinds  of  nitrogen  compounds.  First  in  quantity  is 
casein,  which  is  coagulated  by  acids,  reiinet,  rennet-like  ferments,  by  saturation  with 
neutral  salts  like  magnesium  sulphate,  sodium  chlorid,  etc.,  or  through  precipitation 
by  various  other  metallic  salts.  Casein  can  not  be  separated  from  other  milk  con- 
stituents by  heat  alone.  The  nitrogen  compounds  remaining  in  milk  after  the 
removal  of  casein  appear  to  be  of  two  kinds,  one  kind  called  albumin  and  rendered 
insoluble  by  heating  at  75  '  C.  or  higher.  Then  there  always  remains,  so  far  as  my 
own  experience  goes,  a  class  of  nitrogen  compounds  which  is  not  affected  either  by 
heat  or  by  the  reagents  used  to  remove  casein. 

To  separate  and  estimate  the  casein  and  albumin  of  milk,  two  methods  have  been 
used  for  study :  First,  the  provisional  method  adopted  last  year,  that  is,  precipitation 
of  casein  by  acetic  acid  and  determination  of  albnmin  in  filtrate  by  boiling;  and 
second,  precipitation  of  casein  by  saturation  with  magnesium  sulphate  and  determi- 
nation of  albumin  in  acidified  filtrate.  The  latter  method  has  been  carried  out  as 
follbws:  To  about  5  grams  of  milk,  50  cc  of  solution  of  magnesium  sulphate,  satu- 
rated at  40^  to  45'^  C,  are  added  and  the  mixture  heated  to  40^'  to  45^  C.  until  the  pre- 
cipitate completely  separates,  leaving  the  surrounding  liquid  clear.  The  precipitate 
is  iiltered,  washed  two  or  three  times  with  warm  saturated  solution  of  magnesium 
sulphate,  and  then  treated  by  the  Kjeldahl  method  for  the  dettn-mination  of  nitro- 
gen. To  the  filtrate  is  added  0.3  co  of  a  10  per  cent  solution  of  acetic  acid  and  the 
temperature  is  raised  to  boiling  until  the  albumin  completely  precipitates.  The 
precipitate  is  iiltered,  washed  with  saturated  magnesium  sulphate  solution,  and 
then  treated  by  the  Kjeldahl  method  for  the  determination  of  its  nitrogen.  Some 
work  has  been  done  also  by  the  Geneva  Station  on  a  modification  of  the  provisional 
method  for  determining  albnmin  which  will  be  described  later. 

Three  different  samples  of  milk  were  sent  on  difterent  dates,  as  follows: 

On  June  14,  to  the  Indiana,  Iowa,  and  Cornell  University  experiment  stations. 

On  July  26,  to  the  Department  of  Agriculture  at  Washington,  and  to  the  Wisconsin 
Experiment  Station. 

On  September  13,  to  the  Cornell  University,  Maine.  Delaware,  Kentucky,  Vermont, 
and  Ottawa  (Canada)  experiment  stations,  and  to  the  Department  of  Agriculture. 

These  samples  were  examined  at  the  Geneva  Experiment  Station  in  every  case. 
The  work  was  performed  by  the  following  chemists:  Cornell  University,  C.  6.  Cava- 
naugh;  Department  of  Agriculture,  G.  E,  Patrick  and  T.  C.  Trescot;  Geneva,  J.  A. 
LeClerc  and  L.  L.  Van  Slyke;  Indiana,  H.  A.  Huston;  Iowa,  I.J.  Mead;  Kentucky, 
M.  A.  Scovell  and  A.  M.  Peter;  Maine,  J.  M.  Bartlett;  Ottawa  (Canada),  F.  T.  Shutt; 
Vermont,  C.  H.  Jones ;  Wisconsin,  Alfred  Vivian. 
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The  samples  sent  oat  consisted  of  freshly  separated  skim  milk,  and  contained  for 
each  liter  1  cc  of  40  per  cent  formaldehyde  solution  to  keep  the  casein  from  under- 
going change.  In  this  connection,  it  was  desired  to  ascertain  whether  the  x>re8ence  of 
formaldehyde  in  this  amount  would  affect  the  determination  of  casein  or  albumin  by 
either  method,  and  also  whether  on  long  standing  the  casein  would  undergo  change 
in  the  presence  of  formaldehyde. 

The  following  results  indicate  that  the  presence  of  formaldehyde  in  the  compara- 
tively large  proportion  used  has  no  intinence  upou  the  precipitation  of  the  casein  or 
albumin  by  the  methods  employed. 

Effect  of  formalin  in  milk. 


Quality  of  milk. 


Percent*™  o^f"^!^-;  J?X'X 
of  cnHi'in  Dy  ma^iOHiuiui   u^  nrovi 
j  provisional     Rulphate    ,      iifJnal  * 


percentage   Percenta|;e 
of  albumin    of  albumin 


by  niajrne- 

sium  Hul- 

phate 

metliod. 


by  modi- 
fieil  provi- 
sional 
method. 


Ill  milk  containing  no  formalin. 


(a)  2. 06 

(b)  2. 98 

(c)  3. 01 
(d)3.04 
(e)  3. 05 
(f)3.06 


.    (a)  3. 24 

(b)3.26 

(c)  Lost. 


(a)  0. 388 

(b)  .400 

(c)  .425  , 


(a)  0.409 

(b)  .475  ^ 
(e)   .500 


(a)  0:463 

(b)  .475 

(c)  .481 


.1. 


.1. 


Arerage 

In  milk  containing  formalin. 


3.02 


3.25  I 


.404 


.481 


.473 


(a)  3. 01 

(b)  3. 01 

(c)  3. 04 
(d)3.05 
(e)3.06 

(f)  Lost. 


(a)  3. 21  I 
(b)3.22  ' 
(c)3.24  I 


.406 
.406 
.413  , 


(b) 
(c) 


.413 
.444 
.450 


(a)  .425 

(b)  .444 

(c)  .463 


.1. 


Average. 


3.03  , 


3.22 


.408 


.436 


.444 


That  formalin  is  a  most  excellent  preservative  for  keeping  samples  of  milk  for 
analysis  our  resnlt«,  presented  below,  show  conclusively.  The  sample  of  milk,  which 
was  sent  out  on  June  14,  was  analyzed  for  casein  and  albumin  at  six  different  times 
between  June  14  and  July  26.  The  sample  during  these  several  weeks  stood  in  the 
laboratory,  where  it  was  fairly  warm. 

The  amount  of  casein  as  found  by  the  provisional  method  was  :is  follows: 

(1)  Sample  sent  out  June  14: 

Per  rent. 

June  14 2.54 

17 2.57 


19 2.62 

25 2.59 

July  19 2.59 

26 2.66 


(2)  Sample  sent  out  July  26 : 

Per  cent. 

July  26 2.62 

Aug.    2 2.68 

12 2.61 

25 2.59 


The  results  obtained  by  the  magnesium  sulphate  method  were  equally  uniform. 
The  albumin  determinations  were  less  uniform,  but  fairly  good.  We  may  safely  con- 
clude that  formaldehyde  will  keep  milk  in  perfect  condition  for  analysis  for  a  reason- 
able length  of  time,  and  especially  if  any  precautious  whatever  be  taken  to  keep 
the  milk  in  a  fairly  cool  place. 

Therefore,  any  difference  existing  in  the  results  obtained  by  different  workers  can 
not  be  due  to  the  fact  that  the  milk  underwent  change  before,  being  examined;  and, 
moreover,  the  work  was  completed  in  every  Ciuse  with  retisonable  promptness  after 
the  receipt  of  the  samples. 
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MODIFICATION  OP  PROVISIONAL  METHOD  FOR  DETERMINATION  OP  ALBUMIN. 

Some  time  ago  we  ootioed  irregnlarities  in  determining  nlbumiu  by  tbe  provisional 
metbod  wbicli  seemed  to  point  to  low  results.  It  occnrred  to  us  tbat  under  some 
conditions  tbe  amount  of  acetic  acid  used  for  precipitating  casein  might  be  sufficient 
to  bold  some  albumin  in  solution.  Wc  tberefore  made  a  series  of  comparisons,  neu- 
tralizing by  caustic  alkali  tbe  filtrate  from  casein  precipitation  and  then  adding 
0.3  cc  of  10  per  cent  solution  of  acetic  acid.  Tbe  latter  metbod  quite  uniformly  gave 
higher  resultR,  varying  somewbat  in  different  milks.  Tbe  data  for  tbe  comparisons 
are  here  presented. 

Besults  from  sample  No.  i. 


Stations. 


I, 


New  Tork  (Geneva)  . 


(a)  2. 44 
(b)2.54  I 

(c)  2. 54  I 

(d)  2. 54 
(e)2.e2 


I 


Average 
Indiana 

Average 
Iowa 


2.54 


(a)  2. 62 

(b)  2. 03 

(c)  2. 63 


(a)  2. 65 

(b)  2. 66 

(c)  2. 70 
(d,2.71 
(e)  2. 76 


2.70 


(a)  2. 93 
(b)3.02 


2.63 


2.97 


(a)  0.225  (a)  0.275 

(b)  .238  '  (b)   .300 
(o)   .244  (0)   .325 

(d)  .256  (d)   .325 

(e)  .262  I  (e)    .344 


.245 


.314 


(a)  Lost.  I       (a)    .371 

(b)  .401  I       (b)   .358 

(c)  .379    


.390 


.365 


2.66 


2.78 


.210  I 


I 


Besults  from  sample  No,  2, 


Stations. 


New  Tork  ((leneva) . 


T>-.^«««*o«^  Percentage  i  Percentage  S?'l^Tw,l!!f« 


of  casein  uy 

provisional 

metbod. 


(a)  2. 59 

(b)  2. 60 

(c)  2. 62 
(d)2.67 
(e)  2. 68 


niagnesiiin)| 
sulphate 
metbod. 


Average , 

Department  of  Agriculture 

Average 

AVisconsin 

Average 


2.63 


(a)  2. 72 
(b)2.77  I 
(c)2.78  I 
(d)2.79  ; 
(e)  2.  84  I 


siinal         **XS» 


(a)  0.2.31 

(b)  .262 

(c)  .287  ■' 

(d)  .306  i 

(e)  .331 


(a)  0. 28  L 

(b)  .312 

(c)  .363 

(d)  .400 

(e)  .406 


2.78  I 


.2&3  t 


.352 


(a)  2. 56 

(b)  2. 56 

(c)  2. 63 


2.58 


(a)  2. 50 
(b)2.50 

(c)  2. 54 

(d)  2.  56 


(a)  2. 60 

(b)  2. 60 
(c)  Lost. 


(a)  .325  I 

(b)  .S38  I 

(c)  .344  I 


(a)  .244 

(b)  .244 

(c)  .244 


2.G9  i 


.335  I 


.244 


(u)  2  62 
(b)2.63 
(c)  2. 64 
(d)2.65 


(a)  .313 

(b)  .314 

(c)  .318 

(d)  .330 


2.53 


2.63 


.319 


(a)  .100 

(b)  .120 

(c)  .120 

(d)  .125 


.116 
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Beaults  from  Mmple  No.  S. 


stations. 

Percentage 
ofcaaein  ; 

by  provi- 
sional 
method.    1 

Percentage 

of  coMein 

by  raagiie- 

ainm  ruI- 

phate 

method. 

Percentage 
of  albumin 
by  provi- 
sional 
method. 

Peroentage 
of  albumin 
by  magne- 
sium sul- 
phate 
method. 

Percentage 
of  albumin 

by  iiiodi- 
fie"d  provi- 
sional 

method. 

New  York  (Geneva) 

(a)  2. 71  ' 
(b)2.76| 
(c)2.79i 

(a)  3.04 

(b)  3. 10 

(c)  Lost. 

(a)  0. 269 

(b)  .300 

(c)  .344 

(a)  0. 288 

(b)  .326 

(c)  .309 

(a)  0. 362 

(b)  .369 

(c)  .387 

A  vfti^g** ...... 

2.75 

3.07 

.304 

.327 

.373 

Kew  York  (Cornell) 

(a)  3. 10  , 
(b)3.30 

(a)  3. 19 

(b)  S.  23 

(a)  .317 

(b)  .360 

(a) 
(b) 

.270 
.317 



Average  ..........•.>•........... 

3.20  > 

3.21 

.338 

.293 



Xentncky 

(a)  2.8-1 
(b)2.86  j 

(a)  2.85 
(b)2.88 

(c)  2. 90 

(d)  2. 92 
(e)2.93 

(a)  .32 

(b)  .33 

(a) 
(b) 

.34 
.39 

1                        1 

1 

1 

Average 

2.85 

2  90 

.325 

.365 

Maine           

(a)  2. 71 
(b)2.71  ' 
(c)  2.73  ' 

(a)  2. 91 

(b)  2. 94 
(c)2.94 

(a)  .275 

(b)  .'i»» 
(0)    .306 

(a) 
(b) 
(c) 

.425 
.425 

.450 



Average    ---- 

2.72  ' 

2.93 

.288 

.431 

Vermont                .... ................... 

(a)  2.  69 
(b)2.72  1 
(0)2.73 

(a)  2. 69 

(b)  2. 69 

(a)  .252 

(b)  .250 

(c)  .250 

(a) 
(b) 

.42 
.425 

Averaore    ........................ 

2.71 

2.69 

.251 

.422 

* 

I>ex*artment  of  Agriculture 

(a)  2. 63 

(b)  2. 63  1 
(e)2.«3  1 

(a)  2. 63 
(b)2.69 
(c)2.75 

(a)  .263 

(b)  .263 

(c)  .275 

(a) 
(b) 
(c) 

.175 
.175 
.175 

A verage    rTT.rTi.i-. «*■*  -. 

1.267 

» 

.175 

i 

(d)2.75 
(e)2.75 
(f)2.75 

(a)  .206 

(b)  .156 

(c)  .175 

(a) 
(b) 
(c) 

.137 
.106 
.137 

' 

Average 

2.63  1 

2.72 

«.179 

» 

.127 

Ottawa  (Canadai 

(a)  2.  61 

(b)  2.  67 

(a)  .37 

(b)  .37 

Average 

2.64 

.37 

'  Washing  albumin  with  cold  watvf. 
'  Washing  albumin  with  hot  water. 
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Sumfnary  of  analytical  results. 


SUktioDH. 


Percentage 
I   of  casein 
I  by  provi- 
sional 
I    metbod. 


Percentage  p^-««„tiicr..  P**"'<*°^P*' 
ofcaaein     1?!^^°.  ?*    of  albumin 


Percentage 
of  albumlu 

by  modi- 
fleid  provi- 
sional 

method. 


Sample  1 : 

In  ew  York  (Geneva) . 

Indiana 

Iowa 


Average  . 


2.54  i 
2.83  ' 
2.66  i 


2.70 
2.97 
2.78  I 


2.61 


2.«2  I 


Sample  2  -. 

New  York  (Geneva) 

Department  of  Agriculture. 
Wisconsin 


2.63  • 

2.^ 

2.53 


2.78 
2.69 
2.63  ' 


Average 

Samule  3 : 

New  York  (Geneva) . 
New  York  (Cornell). 

Kentucky 

Maine 

Vermont 


Department  of  Agriculture . 

Ottawa  (Canada) 

Average 


2.58 

2.70 

2.75 

3.07 

•3.20 

3.21 

2.85 

2.90 

2.72 

2.93 

2.71 

2.60 

2.63 

2.72 

2.64 


2.  72  , 


2.  92  i 


0.245  I  0.314    

.390  j  .365    

.219  i  .197    

.285  .292    

.283  .352    

.335  .214    

.319  I  M16  , 

..312  .298    

.  304  .  327  0. 373 

.338  .293    

.325  .365    

.288  .431    

.251  '  .422    

».267  ».175    

M79  M27    

.370  I 

.306  ,  .368    


'  Omitted  from  average. 

>  Washing  albumin  with  cold  water;  omitted  from  average. 

"Washing  albumin  with  hot  water;  omitted  from  average. 

The  data  contained  in  the  preceding  tables  may  bo  aiimuiarized  as  folio w.s : 

(1)  In  the  determination  of  casein  wo  iind  a  good  agreement  in  tlie  dnplicates  of 
individual  workers  by  either  method. 

(2)  In  the  first  Bami)le  the  results  of  three  Avorkers  gave  casein  varying  from  2.54 
to  2.66  per  cent  of  casein  by  the  provisional  method,  and  from  2.70  to  2.97  per  cent 
by  the  magnesium  sulphate  method. 

In  the  second  sample  the  results  of  three  workers  gave  casein  varying  from  2.53 
to  2.63  per  cent  by  the  provisional  method  and  from  2.63  to  2.78  per  cent  by  the  mag- 
nesium sulphate  method. 

In  the  third  sample  the  results  of  six  workers  gave  casein  varying  from  2.63  to 
3.20  per  cent,  or,  dropping  the  highest  result,  from  2.63  to  2.8o  per  cent  by  the  pro- 
visional method  and  from  2.69  to  3.21  or  3.07  per  cent  by  the  magnesium  sulphate 
method. 

(3)  Comparing  the  provisional  method  with  the  magnesium  sulphate  method  for 
determining  casein,  we  find  that  eleven  out  of  twelve  workers  obtained  more  casein 
by  the  latter  method,  the  difference  varying  from  0.01  to  0.34  per  cent  and  averaging 
0.15  per  cent.  In  only  one  case  was  less  casein  obtained  by  the  magnesiitm  sulphate 
method  and  the  difference  then  was  only  0.02  per  cent. 

(4)  When  we  consider  that  these  results  are  based  on  the  nitrogen  determination, 
and  that  any  error  in  determiuing  nitrogen  is  multiplied  over  six  times  when  we 
express  the  results  in  terms  of  casein,  we  may  regard  the  results  obtained  as  very 
satisfactory,  especially  when  we  consider,  in  addition,  that  the  work  was  new  to  most 
of  the  analysts.- 

Every  one  complained  of  the  tediousuess  of  the  magnesium  sulphate  method,  the 


Digitized  by 


Google 


Ill 

time  of  filtration  and  washing  varyiug  from  several  hours  to  three  days,  as  reported 
hy  different  workers. 

While  it  is  evident  that  acetic  acid  does  not  always  effect  a  complete  precipitation 
of  casein,  yet  the  difference  usually  lies  below  0.20  per  cent,  and  only  in  work  requir- 
ing exceeding  accuracy  would  the  tediousness  involved  in  using  the  magnesium  sul- 
phate method  justify  the  added  labor.  The  referee  hopes  by  further  work  to  perfect 
the  provisional  method,  so  that  all  of  the  casein  may  be  precipitated. 

(5)  In  the  tirst  sample,  the  results  of  three  Avorkers  gave  albumin  varying  from 
0.219  to  0.39  per  cent  by  the  provisional  method  and  from  0.197  to  0.365  per  cent  by 
the  magnesium  sulphate  method. 

In  the  second  sample,  the  results  of  three  workers  gave  albumin  varying  from 
0.283  to  0.335  per  cent  by  the  provisional  method  and  from  0.116  to  0.352  per  cent  by 
the  other  method. 

.  In  the  third  sample,  the  results  of  six  workers  gave  albumin  varying  from  0.251  to 
0.338  per  cent  by  the  provisional  method  and  from  0.175  to  0.431  by  the  magnesium 
sulphate  method. 

(6)  Comparing  the  provisional  method  with  the  magnesium  sulphate  filtrate 
method  for  determining  albumin,  we  find  that  six  workers  obtained  more  albumin 
by  the  provisional  method  and  a  half  dozen  other  workers  obtained  more  by  the 
other  method.  However,  the  average  of  all  results  gives  albumin  by  the  provisional 
method  as  0.30  and  by  the  other  method  as  0.34  per  cent. 

(7)  'Neither  of  the  methods  employed  above  seems  to  give  concordant  results  in 
the  hands  of  different  workers.     It  appears  that  the  methods  are  faulty. 

(8)  Mr.  Patrick  made  some  determinations,. in  which  he  compared  the  use  of  cold 
(room  temperature)  and  hot  water  in  washing  the  precipitated  albiuniu.  With  both 
methods  under  discussion,  he  secured  higher  results  with  cold  water. 

Some  similar  determinations  have  been  made  in  the  Geneva  laboratory  on  other 
samples  of  milk  since  receiving  Mr.  Patrick's  results. 

With  the  provisional  method  we  found  very  little  difference  in  the  use  of  hot  or 
cold  water,  the  slight  difference  being  in  favor  of  hot  water. 

Besults  in  tcashing  albumin, 

Treatmeni.  I  Sample  A.     Sani]>Ie  B. 

Per  cent.        Per  cent. 

Hot  water  (80  cc) '  0.300  0.331 

Cold  water  (80  cc) !  .272  .312 


With  the  magnesium  sulphate  filtrate  method  we  found  the  reverse  true.  From 
special  work  which  we  have  done  since  sending  out  samples  it  seems  necessary  to 
wash  the  albumin  precipitate  with  saturated  solution  of  magnesium  sulphate  if 
reliable  results  are  to  be  secured. 

Reaults  in  washing  albumin. 


Treatniont.  i   Sample  A.  ,  Sample  B. 


I    Per  cent.    '  Per  cent. 

Washing  wHh  cold  water  (80  CO) 0.163  |  0.109 

Washing  with  hot  water  (80  cc) .119  •  .154 

Washing  with  magnesium  salphate  solution .  38r> 


MODIFIED  PROVISIONAL  METHODS   COMPARED. 

In  making  a  oomparisou  some  time  ago  between  the  provisional  and  modified 
methods  for  determining  albumin  in  45  different  milks,  the  provisional  method  gave 
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an  average  of  0.315  per  cent  of  albumin  and  the  modification  gave  an  average  of 
0.345  per  cent.  In  6  cases  of  the  45,  the  modification  gave  an  average  of  0.03  per  cent 
less;  in  9  cases  there  was  no  difference,  and  in  30  cases  the  modification  gave  more 
by  amounts  varying  from  0.01  to  0.12  per  cent  and  averaging  0.05  per  cent. 

In  the  Geneva  laboratory  we  have  in  two  trials  with  different  samples  obtained 
slightly  higher  results  in  washing  with  cold  water. 

Jiemlts  in  washing  albumvi. 


Treatment. 


Washiug  with  cold  water  (80  cc). 
Washing  with  hot  water  (80  co) . 


Sample  A.  ,  .Sample  B. 


Percent,    j   Percent. 
0. 346  0. 387 

.321  I  .371 


Determination  of  Water  in  Milk. 

The  phraseology  employed  in  describing  the  determination  of  water  in  milk  is 
decidedly  faulty.  It  came  about  from  a  condensation  of  two  methods  into  one  with- 
out preserving  the  essential  conditions  of  the  two  methods.  It  directs  to  heat  until 
apparently  dry  and  then  heat  for  one  hour  at  the  temperature  of  boiling  water. 
The  phrase  **  apparently  dry  "is  too  indefinite.  The  temperature  of  boiling  water 
is  not  necessarily  high  enough  to  complete  the  drying  in  one  hour,  unless  we  are 
where  the  boiling  point  is  close  to  lOO'^  C.  When  we  use  a  steam-drj'ing  oven,  as 
so  many  do,  the  temperature  rarely  reaches  100^  C. 

In  a  large  number  of  determinations  we  found  that  when  we  used  a  steam  oven  it 
required  from  one  and  one-half  to  two  hours  to  evaporate  to  constant  weight  with 
sand  and  from  two  to  two  and  one- half  hours  or  longer  without  sand,  other  con- 
ditions being  unifonn.  The  use  of  a  water  bath  sometimes  gave  more  rapid  drying 
than  the  steam  oven,  and  sometimes  not. 

The  method  should  be  more  elastic  as  to  time  of  drying  and  should  be  to  constant 
weight  rather  than  for  a  fixed  time. 

Methods  for  Detection  of  Adulterations  in  Dairy  Products. 

It  has  not  been  the  referee's  design  to  make  any  attempt  at  an  exhaustive  con- 
sideration of  this  subject.  The  number  and  kinds  of  adulterants  actually  used  in 
milk  and  its  products  are  comparatively  few.  It  would  be  a  waste  of  time  to  treat 
of  formB  of  adulteration  which  are  possible,  but  which  are  rare  in  actual  occurrence. 

An  attempt  has  been  made  to  give  standards  in  a  broad  way.  These  may  be  open 
to  objection  as  presented,  but  they  will  invite  discussion  and  will  result,  it  is  hoped, 
in  a  consensus  of  opinion  more  important  than  any  other  that  has  been  put  on  record 
in  this  country  in  reference  to  a  somewhat  vexatious  field. 

80  far  as  it  is  deemed  desirable,  the  referee  has  tried  the  tests  recommended  and 
not  already  a  part  of  the  association's  methods,  and  given  only  those  which  were 
found  to*  work  in  his  hands. 

Detection  of  Adulterations  of  Milk. 

(1)  Forms  of  adulteration. — There  arc  three  kinds  of  adulteration  in  milk  which 
are  common:  First,  addition  of  water;  second,  removal  of  fat  or  addition  of  skim 
milk;  and,  third,  addition  of  preservatives,  most  prominent  among  these  being 
borax,  boracio  acid,  and  formaldehyde. 

(2)  Methods  of  detection. — In  general,  it  may  be  said  that  the  specific  gravity  test 
by  itself  furnishes  very  little  evid'^nce  in  regard  to  the  purity  of  milk.  As  reji^ards 
the  detection  of  watering  or  skimming,  the  question  becomes  one  mainly  of  the  inter- 


Digitized  by 


Google 


113 

protiition  of  resalto  secured  by  a  determination  of  fat  or  solids  or  both,  in  the  light 
of  a  State  legal  standard.  The  chemical  methods  are  detailed  nnder  the  analysis 
of  milk. 

(a)   DETECTIOX  OF   FORMALDKUYDK. 

(1)  When  milk  contains  not  less  than  1  part  of  formaldehyde  in  10,0(X)  parts,  a 
violet  or  1>luish  color  is  formed  by  pouring  the  milk  into  a  f<^t  tnbe  containing  con- 
centrated sulphuric  acid  in  which  thoro  is  present  a  trace  of  ferric  chlorid.  The 
color  forms  at  the  junction  of  the  two  liquids. 

(2)  When  small  quantities  of  formaldehyde  are  present,  distill  the  milk  nntil  a  dis- 
tillate of  several  cubic  centimeters  is  obtained.  To  this  distillate  add  one  drop  of 
a  very  dilute  aqueous  solution  of  phenol  and  pour  the  mixture  upon  concentrated 
sulphuric  acid  in  a  test  tube.  A  bright  crimson  color  appears  at  the  zone  of  contact. 
This  is  readily  seen  when  the  milk  contains  as  little  as  1  part  of  formaldehyde  in 
200,000  parts.  If  the  proportion  be  greater  than  1  to  100,000,  there  is  above  the  red 
ring  a  white  milky  zone,  and  if  more  concentrated  there  will  be  a  Avhite  or  pinkish 
curdy  precipitate. 

(6)  DETECTION  OF  BORAX  AND  BORACIC  ACID. 

(1)  On  a  porcelain  surface  place  one  drop  of  milk,  two  drops  of  strong  hydrochlo- 
ric acid,  and  two  drops  of  fresh,  salurat<ed,  turmeric  tincture  (or  turmeric  powder). 
Dry  on  water  bath ;  remove  as  soon  as  dry ;  cool,  and  add  oue  drop  of  ammonia  Avith 
a  glass  rod.  A  slaty-blue  color  forms,  changiug  to  green.  This  detects  1  part  of 
borax  in  1,000  parts  of  milk.  W^hen  the  amount  is  less,  the  test  gives  a  green  but 
not  a  blue  tint. 

This  method  may  be  carried  out  also  as  foilowH :  Incinerate  a  few  drops  of  milk ; 
treat  with  a  little  water;  make  just  acid  with  hydrochloric  acid;  add  a  few  drops 
of  turmeric  solution,  and  evaporate  to  dryness  in  a  porcelain  dish.  Moisten  with 
dilute  ammonia.    A  dark-blue  solution  forms,  rapidly  disappearing. 

(2)  Evaporate  one  or  two  drops  of  milk  with  an  equal  quantity  of  fresh,  saturated, 
turmeric  tincture.  Then  iidd  one  drop  of  strong  hydrochloric  acid,  drawing  acid 
over  residue  with  a  glass  rod.  Apply  heat  again  for  a  few  seconds,  when,  if  either 
borax  or  boracic  acid  be  present,  a  color  is  formed,  ranging  from  pink  to  dark  red. 
Cool,  and  confirm  presence  of  borates  by  adding  a  drop  of  ammonia. 

(3)  Chemical  siandarda  of  purify  for  milk. — The  standards  for  pure  milk  vary  widely 
in  the  different  States.  In  some,  fat  alone  is  fixed;  in  others,  total  solidH  alone;  in 
still  others,  both  fat  and  solids  are  fixed ;  while  in  a  few  cases  total  solids  and  solids- 
not-fat  are  used.  No  State,  except  one  or  two,  has  a  standard  lower  than  3  per  cent 
for  fat  and  12  per  cent  total  solids.  In  some  of  the  countries  and  municipalities  of 
Europe,  the  lowest  limit  of  fat  is  fixed  as  2.5  per  cent  and  of  total  solids  as  11. .5  per 
cent.  It  is  safe  to  say  that  while  the  milk  of  some  herds  of  cows  may  occasionally 
fall  below  3  percent  in  fat,  and  more  often  below  12  per  cent  in  solids,  still  milk 
containing  less  than  3  per  cent  of  fat  and  11.5  of  solids  at  the  same  time  is  open  to 
suspicion  as  having  been  watered.  Milk  in  which  the  total  nitrogen  compounds 
(total  nitrogen  multiplied  by  6.25)  are  equal  to  the  fat  may  be  safely  regarded  as 
having  been  skimmed  or  diluted  with  skimmed  milk.  Milk  containing  any  form  of 
preservative  or  coloring  matter  is  in  most  States  regarded  as  adulterated. 

Detection  of  Adulterations  of  Butter. 

(1)  Forms  of  adulteration. — The  most  common,  adulteration  of  butter  is  substitu- 
tion, in  part  or  whole,  of  fat  other  than  butter-fat.  Occasionally  preservatives  are 
found,  such  as  occur  in  milk.  Excessive  water  or  casein  should  be  regarded  as 
adulteration. 

(2)  Methods  of  detection. — The  methods  commonly  employed  for  detecting  fats  for- 
eign to  pure  butter  are  given  in  Bulletin  No.  46,  Department  of  Agriculture,  Divi- 
sion of  Chemistry,  on  pages  26  to  35. 
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(3)  Standard  of  purity  for  butter. — The  per  cent  of  fat  in  batter  should  nmch  80. 
Water  should  not  exceed  18  per  cent,  and  preferably  should  keep  down  to  15.  Nitro- 
gen compounds  should  not  go  much  above  1  per  cent. 

For  the  purpose  of  determining  the  purity  of  butter-fat,  the  following  processes 
are  usually  regarded  as  most  helpful,  their  value  ranking  in  the  order  given : 

(1)  Determination  of  Reichert-Meissl  number — ^that  is,  the  number  of  cubic  centi- 
meters of  one-tenth  normal  solution  required  to  neutralize  completely  the  volatile 
acids  obtained  from  5  grams  of  fat.  When  this  number  fails  below  25,  the  sam- 
ple is  open  to  suspicion;  and  when  it  falls  to  23  or  below,  the  sample  is  usually 
condemned. 

(2)  Determination  of  specific  gravity  at  40°  C.  When  this  falls  below  0.91,  it 
indicates  cause  for  suspicion,  and  should  be  considered  with  other  factors. 

(3)  Determination  of  the  saponification  equivalent  or  Kocttstorfer's  number — ^that 
is,  the  number  of  milligrams  of  KOH  neutralized  in  saponifying  one  gram  of  fat. 
This  should  not  be  under  220. 

(4)  Determination  of  the  insoluble  fat  acids,  expressed  as  Hehner's  number,  which 
is  the  number  of  parts  of  insoluble  fat  acids  in  100  parts  of  fat.  In  pure  butter-fat 
this  number  rarely  goes  above  89,  but  has  been  found  as  high  as  90. 

Dktkction  of  Adulterations  of  Cheese. 
(1)  forms  of  adulteration. 

There  are  only  two  kinds  of  adulteration  in  cheese  which  are  common :  First,  the 
use  of  fat  other  than  milk-fat,  producing  the  so-called  filled  cheese;  and  second,  the 
removal  of  fat  in  varying  degrees,  producing  so-called  skim  cheese. 

(a)  Filled  cheese  is  made  from  a  mixture  couiiisting  of  separator  skim  milk  mixed 
in  an  intimate  way  with  liquid  fats  or  oils  derived  from  the  fat  of  swine  and  cattle. 
Hence,  the  chemical  means  most  commonly  used  for  detecting  filled  cheese  are  the 
same  as  are  employed  in  detecting  adulterated  butter. 

Since  the  amount  of  fat  which  can  be  mechanically  held  by  skim  milk  is  less  than 
3  per  cent,  there  will  be  found  in  filled  cheese  a  larger  amount  of  ciisein  in  propor- 
tion to  fat  than  is  found  in  whole  milk  cheese. 

(5)  Skim  milk  chee^se  made  from  milk  which  has  been  skimmed  enough  to  pay  cau 
readily  be  detected  by  the  relation  of  fat  to  nitrogen  compounds  or  to  solids-not-fat, 
or,  less  certainly,  by  the  amount  of  fat  in  cheese. 

(2)   METHODS  OF  DETECTION. 

(1)  Preparation  of  sample.  Henzold's  method,  as  described  by  Wiley,  in  Princi- 
ples and  Practice  of  Agricultural  Analysis,  is  as  follows:  '^The  cheese,  in  quantities 
of  about  300  grams,  is  cut  into  fragments,  about  the  size  of  a  pea  and  treated  with 
700  cc  of  potash  lye,  which  has  previously  been  brought  to  a  temperature  of  about 
20^.  The  strength  of  the  lye  should  be  such  that  about  50  grams  of  the  caustic  pot- 
ash are  contained  in  each  liter  of  the  solution.  The  treatment  is  conveniently  con- 
ducted in  a  wide-neck  flask  and  the  solution  of  the  casein  is  promoted  by  vigorous 
shaking.  After  from  five  to  ten  minutes  it  will  be  found  that  the  casein  is  dissolved 
and  the  fat  is  found  swimming  upon  the  surface  of  the  solution  in  lumps.  The 
lumps  of  fat  are.  collected  in  as  large  a  mass  as  possible  by  a  gentle  Hhaking  to  and 
fro.  Cold  water  is  poured  into  the  flask  until  the  fat  is  driven  up  into  the  neck, 
whence  it  is  removed  by  means  of  a  spoon.  The  fat  obtained  in  this  way  is  washed 
a  few  times  with  as  little  oold  water  as  possible  in  order  to  remove  the  residue  of 
potash  lye  which  it  may  contain.  Experience  shows  that  the  fat  by  this  treatment 
is  not  perceptibly  attacked  by  the  potash  lye.  In  a  short  time,  by  this  procedure, 
the  fat  is  practically  all  separated  and  is  then  easily  prepared  for  chemical  analysis 
by  filtering  and  drying,"  as  described  in  Bulletin  No.  46,  Division  of  Chemistry, 
United  States  Department  of  Agriculture,  page  27, 3-(a). 

The  fat  may  be  less  conveniently  obtained  from  the  cheese  by  reducing  the  par- 
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tially  dried  sample  to  a  finely  divided  state  and  applying  any  of  the  nsual  solvents. 
The  solvent  is  removed  from  the  extract  by  evaporation  und  the  residual  fat  is 
filtered  and  prepared  for  examination  as  usual. ' 

The  fat  may  be  separated  also  in  the  following  manner:  The  cheese  is  ground  fine 
by  cutting  into  strips  and  passing  through  a  meat-cutting  machine.  It  is  then  pla<'ed 
in  a  flask  and  warm  water  poured  upon  it  in  the  proportion  of  1  cc  for  each  graui  of 
cheese.  Agitate  thoroughly.  Add  slowly  in  small  quantities  at  a  time  sulphuric 
acid  of  sp.  gr.  1.82  to  1.825,  agitating  thoroughly  after  each  addition  of  acid.  Use 
in  all  an  amount  of  acid  equal  to  the  amount  of  water  used.  After  standing  a  few 
minutes,  the  fat  separates  and  can  be  removed  by  use  of  a  separatory  funnel,  after 
^hich  it  can  be  washed  free  from  acid  and  then  filtered  and  dried. 

(2)  Determination  of  Keichert-Meissl  number,  Hehner's  number,  etc.  See  Bul- 
letin No.  46,  pages  26  to  35,  United  States  Department  of  Agriculture,  Division  of 
Chemistry. 

(h)  Skim-milk  cheese. — Determine  the  per  cent  of  fat  and  of  nitrogen  compounds  or 
of  total  solids,  as  directed  in  Bulletin  No.  46,  page  37,  and  Circular  No.  2,  page  3, 
United  States  Department  of  Agriculture,  Division  of  Chemistry. 

3.  CHEMICAL  STANDARDS  OF  PURITY  FOR  (CHEESE. 

(a)  Filled  cheese. — In  respect  to  purity  of  fat  in  cheese.  Dr.  Crampton  writes  the 
referee  as  follows:  ''I  have  no  hard  and  fast  standard,  being  guided  by  the  oiroum- 
stances  in  each  case  and  by  the  results  obtained  from  other  tests,  if  the  Reichert- 
Meissl  figure  be  low.  Most  of  my  sampieH,  both  of  cheese  and  butter,  present  no 
difiicultics.  The  English  standard  of  24  is  about  as  good  as  any,  in  my  opinion; 
though  I  would  not  condemn  a  cheese-fat  or  butter-i'at  which  went  below  this,  if  it 
gave  normal  figures  by  other  tests. ^^ 

In  filled  cheese  the  proportion  of  fat  to  nitrogen  compounds  and  to  total  solids  falls 
l>elow  that  of  whole-milk  cheese.  In  pure  cheese,  fat  rarely,  if  ever,  forms  less  than 
50  per  cent  of  the  total  solids,  and  in  relation  to  the  nitrogen  compounds,  fat  rarely 
falls  as  low  as  1.25  pounds  for  each  pound  of  nitrogen  compounds. 

{b)  Skim-milk  cheese. — When  the  per  cent  of  fat  in  cured  cheese  falls  below  32  or 
33,  there  is  ground  for  suspicion  that  it  is  skim-milk  cheese.  But  a  more  reliable 
guide  is  the  relation  of  fat  to  total  solids  or  to  total  nitrogen  compounds  as  given 
above. 

Recommendations. 

The  referee  makes  the  following  recommendations: 

1.  That  the  provisional  method  for  determining  casein  in  oow's  milk  be  made  offi- 
cial, inserting  in  line  3,  page  2  (circular  No.  2),  after  "add,''  the  following  words: 
"  1  part  of  formaldehyde  to  2,500  parts  of  milk  or,''  and  in  the  first  line  of  the  second 
paragraph  substitute  the  word  "preservatives"  for  "mercuric  chlorid." 

2.  That  the  modified  provisional  method  for  determining  albumin  in  cow*s  milk  ]>e 
snbstitnted  as  a  provisional  method  for  the  present  provisional  method,  and  that 
further  cooperative  work  be  done  on  the  determination  of  albumin. 

3.  That  the  magnesium  sulphate  method  for  determining  casein  in  cow's  milk  be 
made  an  ofiicial  optional  method. 

4.  That  under  milk  analysis  (a)  (Bull.  No.  46)  the  phraeeology  of  the  first  and 
second  sentences  be  changed  to  read  as  follows:  "Heat  to  constant  weight  from  1 
to  2  grams  of  milk  in  a  tared  fiat  dish,  having  a  diameter  of  not  less  than  5  centi- 
meters, containing  from  15  to  20  grams  of  pure  dry  sand,  or  witliout  sand,  at  the 
temperature  of  boiling  water." 

5.  That,  under  the  diff*erent  divisions  of  dairy  products,  in  the  association's 
methods  of  analysis,  there  be  added  the  following  head  and  subheads:  "Adultera- 
tions: (1)  Forms,  (2)  Methods  of  detection,  (3)  Standards  of  purity  ;"  and  that  under 
each  be  incorporated,  in  briefest  form  practicable,  such  statements  as  may  hereafter 
be  decided  upon  by  the  association. 
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CHANUBS  UKCOMMENDEl)   IN   MKTIIODS  OF  MILK   ANALYSIS. 

(c)  Determiimtion  of  nitrogtm  compoands. 

(1)  Total  nitrogen  compouudn. 

Place  in  Kjeldahl  digeHtion  flask  a  known  weight  (abont  5  grams)  of  inilk,  and 
proceed,  without  evaporation,  exactly  i\»  described  for  this  method  under  nitrogen, 
page  36,  Bull.  No.  46.  Multiply  the  percentage  of  nitrogen  bx-  6.25  for  nitrogen  com- 
pounds. 

(2)  Determination  of  casein  in  cow's  milk  by  precipitation  with  acetic  acid. 
When  it  is  not  practicable  to  make  the  determination  of  casein   iu  cow's  milk 

within  twenty-four  hours  from  the  time  of  milking,  add  1  part  of  formaldehyde  to 
2,500  parts  of  milk,  or  1  part  of  mercuric  chlorid  to  2,000  parts  of  milk,  and  keep  in 
a  cool  place. 

Weigh  about  10  grams  of  milk,  dilute  in  a  beaker  with  about  90  cc  of  water  at  40'^ 
to  42-^,  and  add  at  once  1.5  cc  of  a  solution  containing  10  pur  cent  of  acetic  acid 
by  weight.  Stir  with  a  glass  rod  and  let  stand  from  three  to  five  minutes  longer. 
Then  decant  on  iilter,  wash  two  or  three  times  with  cold  water  by  decant-ation,  and 
then  transfer  precipitate  completely  to  filter.  Wash  once  or  twice  on  filter.  The 
filtrate  should  hv,  clear,  or  very  nearly  so.  If  the  filtrate  be  not  clear  when  it  first 
runs  through,  it  can  generally  be  made  so  by  two  or  three  repeated  filtrations,  after 
whii?h  the  washing  of  the  precipitate  can  be  completed.  The  washed  precipitate 
and  filter  pa])er  are  then  digested  as  in  the  regular  KJeldahl  method  for  the  deter- 
mination of  nitrogen,  iind  the  i)rocess  is  completed  as  usual.  To  calculate  the 
nitrogen  into  an  e({nivalent  amount  of  casein,  multiply  the  per  cent  of  nitrogen 
by  6.25. 

In  working  with  milk  which  has  been  kept  with  preservatives,  the  acetic  acid 
should  be  added  in  small  portions,  a  few  drops  at  a  time,  with  stirring,  and  the 
addition  continued  until  the  li([uid  above  the  precipitate  becomes  clear,  or  very 
nearly  so. 

(8)  Determination  of  casein  in  cow's  milk  by  precipitation  with  magnesium 
sulphate. 

Prepare  a  saturated  solution  of  nitrogen-free  magnesium  fiulphate  at  a  tempera- 
ture of  40^  to  45'  C.  Add  50  cc  of  this  solution  to  about  5  grams  of  milk  and  heat 
the  mixture  to  from  40^  to  45  C.  until  the  precipitate  completely  separates,  leaving 
the  surrounding  liquid  clear.  The  precipitate  is  filtered  and  washed  two  or  three 
times  with  the  warm  saturatc'd  sobition  of  magnesium  sulphate  and  then  treated 
by  the  Kjeldahl  method  for  the  determination  of  nitrogen. 

This  method  usually  gives  0.1  to  0.2  per  cent  more  of  casein  than  the  preceding, 
but  tlie  filtration  is  very  tedious  and,  except  when  exceeding  accuracy  is  required, 
the  precipitation  by  acetic  acid  is  sufficiently  accurate  for  most  purposes. 

(4)  l*rovisional  method  for  the  determination  of  albumin  in  cow's  milk. 

The  filtrate  obtained  above  in  separating  casein  by  acetic  acid  precipitation  is  just 
neutrali/.e<l  by  nitrogen-free  caustic  alkali.  Then  add  0.3  cc  of  a  10  per  cent  solution 
of  acetic  acid  and  place  in  a  water  bath,  heated  to  the  boiling  temperature  of  water, 
until  the  albumin  separates,  leaving  a  clear  solution.  The  filtered  and  washed  pre- 
cipitate is  then  treated  by  the  Kjeldahl  method  for  determining  nitrogen.  The 
ammmt  of  nitrogen  multiplied  by  6.25  gives  the  amount  of  albumin. 

(a)  Determination  of  water. 

(1)  Evai)oratiou  iu  open  dish. 

Heat  to  constant  weight  from  1  to  2  grams  of  milk  in  a  tared  flat  dish,  having  a 
diameter  not  less  than  5  c<;ntiniet«r8,  containing  from  15  to  20  grams  of  pure  dry 
sand,  or  without  sand,  at  the  temperature  of  boiling  water.  Cool  iu  a  desiccator, 
and  weigh  rapidly  to  avoid  absorption  of  hygroscopic  moisture. 

(2)  Babcock  asbestus  method.     (Unchanged.) 
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FOOD  ADULTEEATION. 
By  W.  D.  BiGELOW,  Referee,  and  W.  S.  Sweetskr,  Associate  Referee. 

Mr.  Bigelow,  referee  on  fermented  and  distilled  liqnors,  read  the 
following  report: 

At  the  last  meeting  of  the  association  your  referee  was  instructed  to  discontinue 
work  for  the  present  in  the  line  of  fermented  and  distilled  beverages,  and  to  report 
methods  for  the  determination  of  food  adulterants.-  It  has  not  been  found  possible 
to  include  the  whole  subject  of  food  adult<»,ration,  but  methods  have  been  compiled, 
with  the  collaboration  of  Mr.  W.  S.  Sweetser,  the  associate  referee,  for  the  following 
classes  of  foods:  Flour,  bread,  mustard,  pepper,  cayenne,  ginger,  cinnamon,  cloves, 
allspice,  nutmeg,  mace,  cream  of  tartar,  baking  powder,  vinegar,  canned  foods, 
wine,  beer,  and  cider.  A  separate  chapter  is  also  devoted  to  the  detection  of 
preservatives. 

Flour  and  Meal. 

Flour  is  a  finely  divided  and  bolted  product  of  a  single  cereal.  Meal  is  more 
coarsely  ground,  is  not  bolted,  and  in  the  case  of  barley  is  prepared  from  the 
nnhulled  grain. 

The  forms  of  adulteration  to  be  expected  are:  Admixture  with  mineral  mutter  to 
increase  the  weight  of  the  flour,  or  with  alum  to  improve  its  physical  appearance; 
and  the  addition  of  flour  or  meal  from  the  cheaper  cereals.  The  flour  may  also  cou- 
Aaln  seeds  of  weeds,  such  as  cockle  {Lychnis  giihago)  and  purple  cow  wheat  (Melam- 
pyrum  arvense) ;  its  water  content  may  be  too  high  ;  it  may  be  more  or  less  decom- 
posed, or  it  may  be  made  from  a  grain  aflected  with  fungi. 

In  examining  flour  for  adulterations,  the  percentages  of  ash,  fiber,  ether  extract, 
and  proteids  are  all  of  value.  The  table  below  gives  the  extreme  petccutages  of 
these  compounds.  It  must  be  understood  that  this  table  is  only  provisional,  and  it 
will  frecjuently  happen  that  products  whioh  are  not  adulterated  will  not  fall  within 
tlKfse  limits.  At  the  same  time  it  is  believed  that  all  samples  of  first-class  flour  and 
meal  should  do  so. 


Composition  of  flours  and  meals. 
[Calculated  to  water  free  anbstances.] 


Flours  and  meals. 


Wheat  flour 

Rye  flour 

Buckwheat  flour 

Barley  flour 

Pea  flour 

Bean  flour 

Vetch  flour 

Kice  flour 

Potato  flour 

Graham  flour 

Barley  meal 

Oatmeal 

Com  (maize)  meal. . . 
Pearled  barley  meal 


Moisture. 


Max.   Min. 


Ash. 


Max. '  Min. 


Proteids 
n.  ;\  6.25. 


Fiber. 


EtliiT  ex- 
tract. 


Nitrogi'u- 
I  free  o\  tract. 


Max.    Min.   Max. 
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15.0 
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,    ».o 
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I  8.0 
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10.0 

10.0 
,  9.0 
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'  10.0 
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'    8.0 
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I 


I 
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Pr.  et. 

Pr.et. 

Pr.  ct. 

Pr.et 

0.8 

0.3 
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8.0 

1.5 

.5 

1.0 

6.0 

1.6 

.    .8 

9.5 

5.0 

2.0 

1.0 

12.0 

8.5 

3.2 

2.8 

25.0 

21.0 

4.0 

3.0 

26.0 

22.0 

3.5 

1.6 

35.0 

30.0 

.6 

.3 

10.0 

7.0 

6.5 

3.0 

13.0 

0.0 

i    2.2 

1.8 

15.0 

10.0 

4.5 

1.7 

17.0 

9.0 

2.4 

2.0 

18.0 

14.0 

1    ^'^ 

1.0 

1.5 

8.0 

'    2.0 

1.0 

12.0 

8.5 

Miu.  I  Max.    Min.   Max.    Min. 

"  I   '    ! 

.\Pr.ct.  Pr.ct.\Pr.c(.  Pr.et.  Pr.et. 


1.0 

0.6 

.6 

.6 

20.0 

4.0 


.4 
4  5 
2.4 
8.0 
1.4 
3.5 

.6 


0.1 

.4  I 

.3  ! 

.3 
12.5 
3.5  , 


.1 

1..') 

2.0 

6.5 

.7 

.7 

.3 


2.0 

1.0 ! 

2.0 
2.0 
2.0  I 
2.5  I 
2.5 
0.6 

.8  I 
2.2 
8.7  I 
9.5  ' 
CO 
2,0 


0. 5     90. 0 


1.0 
1.5 
1.5 
.3 
.3 
1.9 
1.7 
6.5 
2.5 
.5 


92.0 
93.0  I 
92.0 
60.0  I 
70.0 


82.0 
88.0 
84.0 
87.0 
55.0 
65.0 


90.0 
90.0  I 
72.0  I 
78.0 
70.0 
80.0  ' 
87.0  , 


8.5. 0 
75.0 
70.0 
72.0 
72.0 
63.0 
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Wheat  flour  is  subjected  to  a  far  greater  aiiionnt  of  adulteration  than  all  other 
flours  and  meals.  It  will  therefore  be  of  the  greatest  importance  to  give  this  prod- 
uct especial  attention.  In  its  physical  characteristics  wheat  flour  is  a  white,  fine 
powder  with  only  the  slightest  yellow  tinge.  To  judge  of  the  color  the  sample 
should  be  examined  in  thin  layers  with  a  light  not  too  strong.  The  flour  should  be 
free  from  acidity  and  its  odor  sweet  and  agreeable.  When  pressed  with  a  smooth 
surface  no  bran  should  be  revealed  to  the  naked  eye  or  the  lens.  The  haud  plunged 
into  it  should  not  experience  a  cooling  effect.  When  pressed  in  the  hand  it  should 
retain  its  shape  for  some  time.  A  microscopic  examination  should  reveal  no  foreign 
matter  such  as  starches  of  other  cereals,  fungi,  or  weed  seed.  The  aqueous  extract 
should  not  exceed  5  per  cent. 

It  is  probable  tliat  the  adulteration  of  flour  with  mineral  matter,  for  the  sake  of 
increasing  its  weight,  is  now  scarcely  practiced  in  this  country  at  all.  It  can  readily 
be  detected,  however,  by  an  abnormally  high  ash,  and  the  qualitative  examination 
of  the  ash  will  reveal  the  nature  of  the  mineral  used  for  adulteration. 

DKTKCTION  OF  ALUM  AND  SAND. 

Mix  50  grams  of  flour  with  w^ater  to  form  a  thin  paste,  and  then  a  few  drops  of  a 
freshly  prepared  solution  of  logwood  in  alcohol.  The  mixture  is  then  made  alkaline 
with  ammonium  carbonate.  The  presence  of  alum  will  be  indicated  by  the  forma- 
tion, sometimes  after  several  hours,  of  a  lavender-blue  colored  lake.  Blyth  prefcra 
to  immerse  a  strip  of  gelatin  for  twelve  hours  in  a  cold  aqueous  extract  of  the  flour 
and  subsequently  in  an  alcoholic  tincture  of  logwood,  made  alkaline  with  ammo- 
nium carbonate.!  The  following  method  is  often  preferable.  Place  200  grams  of 
the  sample  in  a  separatory  funnel  and  shake  with  a  sufficient  amount  of  chloroft)rm. 
Allow  to  stand  overnight  and  carefully  remove  mineral  matters,  alum,  etc.,  through 
the  stopcock.  The  deposit  may  be  further  purified  by  shaking  a  second  time  with 
a  small  portion  of  chloroform.  It  is  then  transferred  to  a  watch  glass  with  as  little 
chloroform  as  possible  and  the  chloroform  evaporated,  the  alum  dissplved  in  water 
and  again  obtained  by  crystallization,  the  crystalline  form  being  noted.  The 
aqueous  solution  may  also  be  tested  with  barium  chlorid  and  Nessler's  solution. 
The  portion  of  the  sediment  insoluble  in  water  may  then  be  examined  microscopic- 
ally and  its  nature  determined. 

DETECTION  OF  FOREIGN  CEREALS. 

Flour  which  is  adulterated  with  products  manufactured  from  cheaper  cereals  pre- 
sents a  much  more  difficult  field.  The  most  satisfactory  method  of  examining  it  is 
by  means  of  a  microscopo. 

A  very  important  method  for  the  detection  of  such  adulterants  is  that  for  the 
estimation  of  gluten.  In  this  determination,  10  grams  of  the  flour  are  mixed  with 
sufficient  water  to  make  a  stiff  dough  and  allowed  to  stand  for  one  hour.  It  is  then 
knea<led  in  the  hand  or  in  a  piece  of  linen  cloth  in  a  vessel  of  water  or,  better,  under 
a  faucet,  until  the  water  which  is  pressed  from  the  gluten  is  clear.  The  gluten  thus 
prepared  while  fresh  should  have  a  very  light  yellow  color — should  be  tough  and 
of  such  consistency  that  it  can  be  pulled  out  to  a  thread. 

As  a  rule,  the  whiter  the  gluten  while  still  in  the  moist  state  the  better  the  quality 
of  the  flour.  As  the  color  approaches  gray  and  red  the  flour  becomes  of  a  more 
inferior  quality  and  less  digestible,  if  indeed  it  be  not  adulterated  with  flours  manu- 
factured from  other  cereals.  The  gluten  from  good  flour  on  being  quicl^ly  heat«d 
to  the  temperature  of  about  150*-  C,  swells  and  assumes  the  appearance  of  bread. 
Good  ilour  should  contain  from  25  to  40  per  cent  of  moist  gluten  and  from  10  to  18 
per  cent  of  dry  gluten.     (Dried  at  100"^  C.) 


'  A  gram  of  finely  divided  logwood  chips  is  digested  for  eight  or  ten  hours  in  25 
cc  of  alcohol,  and  to  10  co  of  the  alcoholic  solution  150  cc  of  water  and  10  cc  of 
saturated  ammonium  carbonate  solution  are  added. 
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Glaten  obtaioed  from  a  mixture  of  wheat  and  rye  flour  is  dark  and  viscous,  wlnh- 
ont  homoj^eneity;  from  a  mixture  of  wheat  aud  barley  flours,  dark,  uonviscons,  oi  a 
dirty,  reddish- brown  color;  from  a  mixture  of  wheat  and  oat«y  dark  yellow;  from 
a  mixture  of  wheat  and  maize,  yellowish  and  nonelastfc. 

The  gluten  obtained  from  wheat  flour  which  has  been  mixed  with  leguminous  flour 
varies  in  color  from  a  grayish  red,  in  the  case  of  vetch  or  beans,  to  green  iu  the  case 
of  peas,  aud  has  the  characteristic  odor  and  tast^  of  leguminous  products. 

DETECTION   OF   LEGUMINOUS  FLOURS. 

The  ash  of  leguminous  flour  is  very  deliquescent,  is  high  in  chlorids,  and  tururi 
turmeric  paper  brown ;  cereal  ash  is  the  reverse.  The  aqueous  extract  of  the  legumi- 
nous flour  is  extremely  acid,  while  that  of  cereal  flour  is  faintly  alkaline.  If  thb 
filtrate  from  the  gluten  determination  of  flour  containing  leguminous  flour  be  made- 
alkaline  with  ammonia,  allowed  to  stand  overnight,  and  the  clear  liquid  decanted, 
the  addition  of  dilute  mineral  acid  will  precipitate  legumiu. 

DETECTION  OF  POTATO  FLOUR. 

Rub  a  portion  of  flour  vigorously  in  a  mortar  until  a  stifle  paste  is  obtained,  thin 
with  more  water,  Alter  and  test  the  clear  flltrate  with  a  drop  of  a  dilute  solution  of 
iodin.  In  the  presence  of  potato  dour  a  deep  bine  color  is  produced,  while  if  only 
wheat  flour  be  present  the  resulting  color  is  yellow  or  light  orange.  If  a  mixture  of 
cereal  flour  aud  potato  flour  be  dried,  spread  in  a  thin  layer  on  a  glazed  black  surface, 
and  examined  with  a  lens,  the  potato  flour  is  indicated  by  bright  and  glassy  parti- 
cles in  the  otherwise  dull  white  substance. 

ALCOHOLIC   EXTRACT. 

Vogel  extracts  the  flour  with  70  per  ce'nt  of  alcohol,  to  which  5  per  cent  of  hydro- 
chloric acid  have  been  added.  The  extract  is  colorless  if  the  flour  consist  only  of 
wheat  or  rye,  pale  yellow  if  adulterated  with  barley  or  oats,  orange  yellow  with  pea 
flonr,  purple  red  If  made  from  mildewed  wheat,  and  blood  red  if  made  from  ergotized 
wheat. 

DETECTION  OF  ERGOT. 

The  examination  of  flour  for  ergot  may  be  preceded  by  a  general  preliminary  test 
to  determine  whether  the  flour  has  been  damaged  by  any  form  of  fungus.  Vogel 
directs  to  stain  the  sample  of  the  flour  with  analin  violet  and  examine  with  the 
microscope.  If  the  starch  granules  have  been  injured  by  any  fungus  they  will  be 
found  to  be  thoroughly  stained.  For  the  presence  of  ergot  or  similar  fungi,  as  indi- 
cated by  this  test,  both  of  the  following  methods  should  be  used.  If  the  presence  of 
damaged  starch  granules  be  indicated  by  this  test  one  of  the  following  methods  may 
be  employed : 

J^rat  method, — ^Twenty  grams  of  the  sample  are  digested  with  boiling  alcohol  as 
long  as  any  color  is  extracted.  The  solution  is  then  treated  with  1  cc  of  sulphuric 
acid  (1:3).  The  presence  of  ergot  will  color  the  solution  red,  and  if  the  solution  be 
dilated  with  quite  a  volume  of  water  the  red  coloring  matter  may  be  extracted  from 
separate  portions  by  means  of  chloroform,  ether,  benzine,  or  amyl  alcohol. 

Second  method. — Ten  grams  of  the  flour  under  examination  are  digested  for  about 
thirty  minutes  with  a  mixture  of  20  cc  of  ether  and  10  drops  of  dilute  sulphuric  ucid 
(1:6);  filter,  and  wash  with  ether  until  the  filtrate  amounts  to  15  cc.  The  filtrate 
is  then  shaken  with  5  drops  of  a  saturated  solution  of  sodium  bicarbonate.  The 
chlorophyll  remains  dissolved  in  the  ether  and  the  sodium  bicarbonate  solution 
remains  clear  if  the  flour  be  from  sound  grain,  but  takes  on  a  deep  violet  color  if 
ergot  be  present. 

DETECTION   OF   RICE   IN  BUCKWHEAT  FLOUR. 

Wlicn  puro  buckwheat  is  mixed  with  water  into  a  thin  paste  the  addition  of  cal- 
cium hydroxid  gives  a  dark  green  color,  which  becomes  red  whon  acidifled  with 
hydrochloric  acid.    Rioe  flour  with  the  same  treatment  gives  a  yellow  color  with 
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potassinm  hydroxid  and  white  with  hydrochloric  acid.  A  mixture  of  buckwheat 
and  rice  flours  made  iuto  paste  is  changed  to  a  light  green  color  by  potassium 
hydroxid  and  becomes  flesh  colored  when  acidified  with  hydrochloric  aoid 

Brkad. 

The  examination  of  bread  for  adulterants  is  yery  similar  to  the  examination  of 
flour.  The  more  common  adulterants  are  cheaper  flours  or  meah  and  damaged  flour. 
The  addition  of  alum  to  bread  is  also  frequently  practiced,  and  instances  of  the 
addition  of  quite  an  amount  of  copper  sulphate  and  zinc  Hulpbate  are  nut  wanting. 
The  presence  of  one-tenth  of  a  gram  of  alum  in  a  one-pound  loaf  will  bo  detected 
by  immersing  a  thin  slice  of  bread  in  the  alkaline  logwood  solution  described  on 
page  118  and  allowing  it  to  dry  in  the  air.  An  evident  blue  color  appears  after  from 
two  to  four  hours.  The  presence  of  more  than  0,03  per  cent  of  alum  may  be  detected 
by  immersing  a  strip  of  gelatin  for  ten  or  twelve  hours  in  the  aqueous  extract  of  the 
brea<l  and  then  in  the  logwood  solution  described  on  page  118.  The  aqueous  extract 
is  made  by  digesting  150  grams  of  the  dry  ground  bread  for  one  or  two  days  in  two 
or  three  liters  of  water,  then  straining  the  mixture  through  a  bag  filter,  using 
vacuum  if  necessary,  and  concentrating  by  evaporation  to  a  small  volume. 

QUANTITATIVE  ESTIMATION   OF  ALUM. 

The  ash  of  200  grams  of  bread  is  treated  with  hot  hydrochloric  acid,  hot  water 
added  and  the  mixture  filtered.  The  filtrate  is  treated  with  a  strong  excess  of 
sodium  hydroxid,  boiled  again,  filtered,  and  washed.  The  filtrate  thus  obtained  is 
treated  with  a  few  drops  of  sodium  phoapliute,  acidified  with  hydrochloric  acid,  and 
the  aluminum  phosphate  precipitated  with  a  slight  excess  of  ammonium  hydroxid. 
The  silica  is  also  estimated  in  a  separate  portion  of  tbeasb.  Aluminum  compounds 
commonly  occur  iu  the  ash  of  flour,  especially  in  inferior  flour,  but  probably  iu  the 
form  of  silicate,  and  in  these  oomponnds  the  amount  of  silica  present  is  approxi- 
mately equal  to  the  amount  of  alum  corresponding  to  tbe  aluminum  present;  there- 
fore the  weight  of  added  alum  may  be  obtained  by  subtracting  the  weight  of  Bilioa 
from  that  of  alum.  One  part  of  aluminum  phosphate  is  equal  to  3.733  parts  of 
amuKmium  alum  and  to  4.481  parts  of  potassium  alum. 

Copper  sulphate  may  be  detected  iu  bread  by  immersing  a  thin  slice  in  a  very 
dilute  Holution  of  potassium  ferrocyanid,  made  acid  with  acetic  acid.  In  the  detec- 
tion of  foreign  flours  the  methods  given  under  flour  and  meal  may  be  employed,  but 
it  must  be  rememliered  that  the  starch  granules  are  to  a  large  extent  destroyed  iu 
the  process  of  baking,  so  that  their  detection  by  means  of  the  microscope  is  a  very 
difficult  matter,  and  with  the  exception  of  potato  starch  is  often  almost  impossible. 

The  composition  of  any  variety  of  bread  should  be  approximately  the  same  as  that 
of  the  flour  from  which  it  is  manufactured  (see  page  117),  with  the  exception  of  the 
ash  and  ether  extract.  The  former  will  be  from  0.7  per  cent  to  1.5  per  cent  higher, 
owing  to  the  addition  of  sodium  chlorid,  while  the  latter  is  often  considerably 
increased  by  the  use  of  lard.  The  amount  of  lard  added,  however,  should  not 
exceed  5  per  cent  of  the  weight  of  the  bread.  The  amount  of  moisture  in  wheat 
bread  should  not  exceed  45  per  cent,  and  will  more  commonly  be  between  30  and  40 
per  cent.  If  the  bread  be  manufactured  from  flour  which  is  adulterated  with  potato 
flour  or  rice  flour,  or  if  mashed  potatoes  be  added  to  the  dongh,  the  amount  of 
moisture  will  greatly  exceed  these  limits,  and  the  bread  will  often  be  of  a  clammy 
consistency. 

The  presence  of  fungi  and  of  flours  which  have  been  damaged  by  their  action  may 
be  recognized  by  the  methods  which  are  given  for  their  detection  in  flour. 

Spices  and  Condiments. 

MUSTARD. 

The  adulterants  which  are  sometimes  found  in  mustard  are  wheat  flour,  potato 
flour,  linseed  meal,  gypsum,  and  clay,  for  the  purpose  of  increasing  the  weight; 
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certain  seeds,  such  as  radish,  rape,  Sinapis  arvensti,  cayenne,  ginger,  and  possibly*' 
gamboge,  for  the  purpose  of  increasing  weight  and  also  of  imparting  something  of 
a  flavor;  and  turmeric  and  martins  yellow,  and  possibly  yellow  ocher  and  certain 
chromates,  for  the  purpose  of  imparting  color.  If  the  adulterant  belong  to  the  first 
class  mentioned  it  will  be  impossible  to  identify  it  except  by  the  use  of  the  micro- 
scope. The  presence  of  any  flour  containing  much  starch,  however,  can  be  detected 
by  boiling  2  grams  of  the  sample  in  a  few  cubic  centimeters  of  distilled  water  for 
ten  minutes,  cooling  and  adding  a  few  drops  of  iodin  Bolntiou.  The  formation  of  a 
blue  color  indicates  the  addition  of  some  starch  or  flour.  Pure  mustard  gives  no 
reaction  wiih  iodin. 

The  presence  of  adulterants  can  also  frequently  be  proved  and  in  many  instances 
the  extent  of  adulteration  be  shown  by  chemical  analysis,  although,  except  in  the 
case  of  adulteration  by  means  of  mineral  substances,  the  nature  of  the  adulterant 
can  not  be  shown.  The  following  limits  of  analysis  will  probably  include  all  first- 
class  ground  mustards  and  almost  all  pure  ground  mustards: 

Per  cent. 

Moisture.. 3  to    8 

Ash 4to    7 

Ether  extract 31  to  37 

Fiber 4  to   6.5 

Aqueous  extract 30  to  38 

Sulphur ^ 1  to    1.6 

It  frequently  happens  that  the  ether  extract  will  be  found  considerably  below  the 
limits  given,  since  the  removal  of  a  portion  of  the  oil  is  often  practiced,  some  houses 
claiming  that  the  mustard  keeps  better  if  a  portion  of  the  oil  be  removed.  Instances 
are  recorded  also  of  mustards  having  a  fiber  content  of  from  15  to  17  per  cent.  A  sam- 
ple exceeding  the  limits  given,  however,  is  to  be  regarded  with  suspicion.  The  color 
of  pure  mustard  is  a  very  light  dull  yellow.  Wherever  a  bright  yellow  is  found, 
coloring  matter  may  be  expected.  If  yellow  ocher  or  barium  cbromate  have  been 
employed,  their  presence  may  be  readily  detected  in  the  ash.  The  most  common  col- 
oring matter  used  in  mustard,  however,  is  turmeric.  The  addition  of  a  strong  solu- 
tion of  ammonium  hydroxid  will  usually  give  an  orange-red  color  in  the  presence  of 
turmeric.  If  2  or  3  grams  of  the  sample  be  thoroughly  mixed  with  castor  oil  and  fil- 
tered, the  filtrate,  when  turmeric  is  present,  will  show  a  marked  fluorescence. 

A  more  delicate  and  perhaps  more  certain  test  is  to  extract  a  small  portion  of  a 
sample  with  two  or  three  times  its  weight  of  methyl  alcohol,  filter,  and  divide  the 
filtrate  into  two  portions;  one  portion  is  then  evaporated  to  dryness.  If  turmeric  be 
present,  the  residue  will  be  turned  red  by  hydrochloric  acid,  which  color  will  be 
changed  to  greenish  blue  on  the  addition  of  an  excess  of  alkali.  The  other  portion 
of  the  filtrate  is  evaporated  to  dryness,  moistened  with  a  solution  of  boric  acid,  and 
dried  on  the  steam  bath.  The  presence  of  turmeric  is  indicated  by  a  cherry- red  color. 
The  addition  of  alkali  then  produces  a  play  of  colors  in  which  green  and  purple 
predominate.  Martins  yellow,  or  naphthalene  yellow  (denitro-naphthol),  may  be 
extracted  by  95  per  cent  alcohol  from  the  slightly  acidified  sample  of  mustard.  This 
coloring  matter  dyes  wool  or  silk  (but  not  cotton)  a  bright  yellow.  If  gamboge  be 
present,  the  alcoholic  extract  is  turned  bright  red  by  sodium  hydroxid  and  yellow  by 
hydrochloric  acid. 

Peppkr. 

Two  forms  of  pepper  are  commonly  sold — black  and  white  popper — both  being  the 
fruit  of  the  Piper  nigrum^  the  former  being  picked  while  ^een  and  Allowed  to  ripen, 
the  latter  being  allowed  to  ripen  on  the  plant  and  then  picked  and  the  outer  peri- 
carp removed.  The  common  adulterants  are  ground  corn,  wheat  products,  rice,  poa 
flour,  buckwheat  hulls,  cocoanut  shells,  roasted  and  unroasted  olivo  stones,  mustard 
husks,  linseed  meal,  sawdust,  and  cayenne. 

Uugronnd  pepx>er  is  probably  not  adulterated  at  present  by  the  admixture  of  foreign 
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BubHtances.  Often,  however,  the  peppercorus  are  much  loo  small,  and  a  large  amount 
of  (lust  aud  trash  is  present.  One  hundred  peppercorns  taken  at  random  should  not 
weigh  less  than  4  grams,  and  the  amount  of  dust,  stems,  and  trash  present  in  black 
pepper  should  not  exceed  1^  P*-*!"  cent. 

Unground  white  pepper  should  be  practically  free  from  dust.  It  is  said  that  arti- 
ficial x>oppercoms  have  been  made,  though.it  is  probable  that  there  are  none  on 
the  market  in  this  country.  In  the  exiimination  of  ground  pepper,  the  microscope  is 
usually  necessary  to  identify  the  adulterant  used.  A  sample  should  be  examined  in 
water  by  direct  and  by  polarized  light  before  and  after  treating  with  iodin.  Starches 
should  be  examined  and  measured.  Stone  cells,  whether  their  origin  be  olive  stone 
or  cocoanut  shells,  may  be  detected  by  polarized  light,  but  great  care  must  be  taken 
not  to  confuse  them  with  the  stone  cells  of  the  outer  portion  of  the  peppercorn.  In 
order  to  clear  the  denser  tissues,  .a  potassium  hydroxid  solution  may  be  run  under  the 
cover  glass  after  the  examination  in  water,  or  a  fresh  portion  may  be  digested  twenty- 
four  hours,  in  a  solution  of  8  parts  of  chloral  hydrate  in  5  jtarts  of  water,  and  exam- 
ined microscopically  in  the  sauio  medium.  In  the  preparation  for  the  microscopical 
examination,  a  portion  of  the  sample  may  be  mixed  with  an  aqueous  solution  of 
glycerol  (sp.  gr.  1.173),  in  which  foreign  stone  cells  will  sink  to  the  bottom,  while 
the  greater  part  of  the  pepper  will  lloat  or  remain  suspended  in  the  liquid.  The 
sample  may  he  bleached  by  allowing  it  to  stand  several  hours  with  nitric  acid  (sp. 
gr.  1.1),  adding  powdered  potassium  chlorate  from  time  to  time.  The  dark-colored 
portion  of  the  pepper  and  many  vegetable  adulterants  will  be  bleached  by  this 
method,  while  charcoal  and  charred  shells  will  retain  their  color.  The  residue  from 
crude  fiber  determinations  should  also  be  examined  microscopically,  as  usually  all 
dark-colored  matter  occurring  in  pepper  will  be  bleached  in  the  course  of  the  deter- 
minations, with  the  exception  of  charred  matter.  Stone  <'ells  will  also  show  their 
structure  best  in  this  residue.  The  chemical  composition  of  the  pepper  is  also  of 
considerable  value  in  judging  of  the  purity  of  the  sample.  The  following  limits 
of  composition  will  probably  include  all  good  peppers: 

Composiiwn  of  black  pepper. 

Per  cent. 

Moisture .' 8       to  12 

Ashi 2. 75  to    6  5 

Starches,  direct  inversion  by  hydrochloric  acid 32       to  38 

Fiberi 9       to  16 

Albuminoids 7       to  12 

Nonvolatile  ether  extract  not  less  than 6. 5 

Composition  of  white  pepper. 

Per  cent. 

Moisture 12     to  15 

Ash 0.8  to    2.9 

Starch,  direct  inversion  by  hydrochloric  acid 40     to  53 

Fiber 4     to   8 

Albuminoids 8     to  12 

Ether  extract 7      to    8 

If  a  substance  high  or  low'in  ash  have  been  added,  this  will  readily  be  detected  in 
the  analysis.  The  same  is  true  of  fiber  and  fats,  while  if  the  adulterant  contain 
approximately  the  same  amount  of  fat  as  is  found  in  the  pure  pepper,  a  nitrogen 
determination  in  the  extract  obtained  by  extracting  about  10  grams  of  the  pepper 
with  ether,  will  indicate  the  adulteration  a.s  the  ether  extract  obtained  from  pepper 
will  contain  2  to  3.5  per  cent  of  nitrogen,  owing  to  the  presence  of  piperin. 

1  All  samples  having  over  5  per  cent  of  ash  or  over  11  per  cent  of  fiber  should  be 
regarded  with  suspicion. 
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Cayenne. 

The  fmits  of  Capsicum  annvum  and  Capsicum  fastigiatum  are  ground  and  placed  on 
the  market  under  the  name  of  cayenne,  frequently  called  cayenne  pepper,  although 
the  capRtcnm  is  not  a  pepper.  As  cayenne  is  sold  almost  entirely  in  the  ground  con- 
dition, and  in  this  condition  is  just  as  suhject  to  adulteration  asx)ther  condiments, 
a  very  large  percentage  of  the  article  in  the  market  is  adulter<ated. 

The  common  adulterants  which  are  from  time  to  time  reported  are  hulls  of  mustard 
and  other  spices,  corn,  rice,  and  wheat  flour,  ground  stems,  red  sandal  wood,  huck- 
wheat  middlings,  and  occasionally  mineral  matter,  such  as  red  ocher,  orhrick  dust, 
with  turmeric  as  coloring  matter.  Sometimes,  when  a  deeper  color  is  desired,  one  of 
several  anilin  colors  is  employed. 

The  results  of  chemical  analysis  are  of  some  importance  in  judging  of  the  j)urity 
of  cayenne.    The  following  limits  of  analysis  may  he  adopted : 

Per  cent. 

Moisture 2     to  10 

Ash .' 5      to  10 

Fiber 16     to  18 

Nitrogen 1.7  to    2.2 

Ether  extract  1 16     to  30 

Alcohol  extract 25     to  45 

In  order  to  identify  the  adulterant,  and  very  often  to  prove  that  adulteration  has 
been  practiced,  it  is  necessary  to  resort  to  microscopical  examination. 

Ginger. 

The  examination  of  ground  ginger  for  adulterants  presents  as  great  difficulties  as 
that  of  any  other  spice. 

The  common  adulterants  are  exhausted  ginger,  mustard  hulls,  clove  steuis,  cay- 
enne, rice,  wheat  and  potato  flours,  com  meal,  and  turmeric.  The  microscope  may 
be  used  with  some  satisfaction,  exeei)t  in  the  case  of  turmeric  and  exhausted  ginger. 
The  oil  cells  of  turmeric  are  so  similar  to  those  of  ginger  that  the  identification  of 
the  former  as  an  adulterant  of  the  latter  is  a  very  difficult  matter.  The  presence  of 
tufmeric,  however,  can  be  detected  by  means  of  the  methods  given  under  mustard. 
The  presence  of  exhausted  ginger  can  only  be  shown  by  chemical  analysis,  when  the 
percentage  of  volatile  oil  will  be  found  too  low,  and  the  other  ingredients  rather 

high.     The  followiug  extremes  of  composition  are  suggested: 

Per  cent. 

Moisture 9     to  12 

Ash 3. 8  to    7 

Soluble  ash 1.8  to    2.8 

Fiber 2      to    8 

Volatile  oil  2 1      to    2.5 

Ether  extract 4      to    7 

Nitrogen 9  to    1.  75 

Starch  (direct  inversion  with  HCl) 45      to  55 

The  alcohol  extract  should  be  approximately  17  per  cent. 
Cinnamon  and  Cassia. 

Cinnamon  is  the  bark  of  the  small  branches  of  the  Cinnamonum  zeylanicum.  It  is 
a  native  of  Ceylon,  and  the  greater  part  of  it  is  cultivated  in  gardens  in  Ceylon. 
Cassia  is  the  bark  of  the  branches  of  two  other  species  of  the  genus  cinnamonnm, 
and  is  produced  largely  in  Bengal,  China,  and  the  Indian  Archipelago. 

'A  sample  whose  ether  extract  is  less  than  18  per  cent  in  to  be  regarded  with  sus- 
picion. 

^A  sample  whose  content  of  volatile  oil  is  less  than  l\  per  cent  in  to  be  regarded 
with  suspicion. 
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Cinnamon  in  placed  on  the  market  after  the  removal  of  the  outer  and  inner  coats. 
Its  thicknesB,  therefore,  is  from  ouo-half  to  three-fonrths  of  a  millimeter.  The 
sticks  are  always  rolled  together  and  consist  of  at  least  eight  or  ten  qnills,  one 
placed  inside  of  another.  Cinnamon  breaks  with  an  uneven,  somewhat  fibrous 
fracture.  Cassia,  on  the  other  hand,  is  a  large,  thick  bark,  the  thickness  usually 
exceeding  1^  mm,  and  is  sometimes  as  high  as  3  mm.  Neither  the  outer  nor 
inner  layer  in  cassia  is  removed,  and  the  outer  corky  layer  is  usually  conspicuous. 
The  pieces  of  cassia  on  the  market  never  consist  of  one  quill  inside  of  another,  as  is 
the  case  with  cinnamon,  bnt  are  always  single  piec-es,  curved  to  form  a  crude  circle. 
There  is  practically  no  ground  cinnamon  in  the  market.  The  best  products  that  are 
sold  for  cinnamon  are  cassia.^  Other  adulterants  are  wheat  and  potato  flours,  sago 
meal,  and  the  arrow  root — all  of  which  are  usually  baked— ground  crackers,  ground 
pease,  and  mineral  matters,  the  most  common  form  of  which  is  probably  red  ochor. 
The  volatile  oil  is  also  very  commonly  removed  for  flavoring  extracts  before  the  cin- 
namon is  placed  on  the  market.  If  a  portion  of  ground  cinnamon  be  boiled  for  a 
moment  in  water  and  cooled,  iodfn  will  not  give  a  starch  reaction,  though  an  evident 
reaction  may  be  obtained  with  cassia  imder  the  same  circumstances.  The  composi- 
tion of  both  cinnamon  and  cassia  varies  so  widely  that  it  is  useless  to  adopt  limits 
of  analysis  except,  perhaps,  in  two  or  three  items.  The  ash  of  cinnamon  is  from 
3i  to  5  per  cent,  the  soluble  ash  from  2  to  4  per  cent,  the  volatile  oil  from  0.8  to 
1.5  per  cent.  If  the  sample  be  adulterated  with  mineral  matter  this  will,  of  course, 
be  indicated  by  the  high  ash.  If  volatile  oil  has  been  removed,  the  small  propor- 
tion of  it  may  indicate  the  fact,  though  the  natural  percentage  of  that  ingfedient 
is  so  low  as  to  render  this  criterion  of  doubtful  value.  With  these  exceptions  the 
microscope  must  be  used  for  the  purpose  of  detectiug  adulteration,  and  the  appear- 
ance of  cinnamon  and  cassia,  as  well  as  of  the  substances  that  are  used  for  their 
adulteration,  is  so  characteristic  that  no  difficulty  is  encountered  in  the  microscop- 
ical examination. 

Cloves. 

Ungronnd  cloves  should  consist  of  both  calyx  and  corolla,  the  latter  consisting  of 
four  petals  closely  imbricated  into  a  globular  bud.  The  calyx  is  a  dark-brown  color 
and  the  corolla  is  somewhat  lighter.  On  scratching  the  corolla  with  a  piu  the 
volatile  oil  appears.  When  the  oil  has  been  removed  the  clove  becomes  almost 
black  and  its  surface  wrinkled  and  blistered. 

Ground  cloves  are  probably  rarely  sold  in  a  pure  state.  The  common  adulterants 
are  clove  stems,  allspice,  fiour,  and  burnt  shells,  as  well  as  the  adulterants  that  are 
used  with  other  spices.  The  volatile  oil  is  also  frequently  removed  and  the  exhausted 
cloves  put  on  the  market  either  by  themselves  or  after  mixing  with  unexhausted 
samples.    The  limits  of  composition  of  cloves  are : 

Per  cent. 

.    Mustard 3     to  10 

Ash 5     to  13 

Volatile  oil 10     to  20 

Non  volatile  ether  extract 7     toll 

Fiber 6. 5  to    9 

Nitrogen 0. 8  to    1.2 

Oxygen  equivalent 4     to    6 

Tannin  equivalent,  11  to  14  cc  of  tenth  normal  potassium  perman.i^anate. 

The  detf^rminations  which  are  of  value  in  detecting  the  adulteration  of  cloves  are 
volatile  oil,  fiber,  nitrogen,  ash,  and  tannin  or  oxygen  equivalent.  For  the  detei- 
mination  of  the  latter,  4  grams  of  the  sample,  previously  extracted  with  absolute, 

■The  sale  of  ground  cassia  under  the  name  of  cinnamon  should  not  oonstitnte  a 
form  of  adulteration,  but  ''ground  cinnamon"  should  be  understood  to  mean  the 
bark  of  any  species  of  cinnamonum. 
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alcohol-free  ether,  are  placed  iu  a  100  cc  flask  with  80  or  90  cc  of  water  and  digested 
over  night  at  a  temperature  of  Arom  90^  to  95^.  The  mixture  is  then  cooled  to  room 
temperature,  diluted  with  water  to  100  cc,  thoroughly  mixed  by  shaking,  filtered, 
and  titrated  with  a  tenth  normal  solutlou  of  potassium  permanganate,  according  to 
directions  given  in  Bulletin  46,  Division  of  Chemistry,  United  States  Department  of 
Agriculture,  page  74. 

Allspice  or  Piment. 

In  flavor  and  composition,  allspice  closely  resembles  cloves,  as  would  be  expected 
from  the  fact  that  they  are  botanically  very  closely  related.  Being  among  the 
cheapest  of  the  spices,  however,  it  is  not  subject  to  such  universal  a<lu Iteration  as  is 
the  case  with  many  of  the  others.  The  adulterants  commonly  used  are  coconuut 
shells,  Handal  wood,  mustard  hulls,  ground  husks,  and  clove  steins,  as  well  as  those 
employed  with  other  spices,  and  the  volatile  oil  is  freiiuently  removed  before  the 
spice  is  placed  upon  the  market.    The  limits  of  analysis  are : 

Per  cent 

Moisture 5. 5  to  12 

Ash 3     to   5 

Volatile  oil 2     to   5 

Ether  extract 7     to  13 

Fiber 13     to  22 

Tannin  equivalent  5  to  7  cc  of  tenth  normal  potassium  permanganate.  The 
tannin  i^  estimated  according  to  the  directions  given  under  cloves. 

Nutmeg. 

Of  all  the  spices  nutmeg  is  probably  the  least  subject  to  adulteration,  since  it  is  sold 
almost  entirely  in  the  unground  state.  It  is  said  that  artificial  nutmegs  have  been 
prepared  from  mace,  starchy  material,  and  clay,  or  some  other  mineral  matter,  with 
the  addition  of  a  little  nutmeg  oil.  If  such  imitations  are  really  on  the  market  they 
can  readily  be  detected  by  the  appearace  of  the  cross  section  as  viewed  by  the  naked 
eye.  The  cross  section  of  nutmeg  has  a  marbled  appearance,  caused  by  narrow  strips 
of  the  inner  seed  coat  penetrating  to  the  center  of  the  seed. 

Mace. 

Mace  is  most  commonly  adulterated  with  what  is  known  as  ''false''  or  Bombay 
mace.  Other  adulterants  are  turmeric  and  mineral  substances,  such  as  ocher  and 
baryta.  The  microscopical  appearance  of  mace  is  characteristic,  and  it  requires  but 
little  practice  for  the  observer  to  familiarize  himself  with  the  powder  sutficiently  to 
detect  adulterants. 

Bombay  mace  is  very  similar  in  struct  a  re  to  the  true  mace,  but  has  a  coarser 
structure,  is  of  a  much  darker  color,  is  odorless  and  tasteless.  It  is  also  said  to  l>e 
much  higher  in  oil  and  ash,  and  its  presence,  as  well  as  that  of  the  other  adulterants 
mentioned,  may  be  detected  from  the  chemical  analysis.    The  limits  of  composition 

of  mace  are : 

Per  cent. 

Moisture 4. 5  to  12 

Ash 2     to   4 

Volatile  oil 5     to   9 

Ether  extract 30     to  40 

Crude  fiber 4. 5  to  10 

Nitrogen 0.7  to    1 

Mace,  like  nutmeg,  contains  no  fat.  The  extract,  other  than  nonvolatile  oil,  con- 
sists almost  entirely  of  resin.  The  presence  of  an  adulterant  containing  less  than  20 
per  cent  of  resin  can  be  easily  detected  by  the  fact  that  true  mace  contains  from 
20  to  35  per  cent  of  that  substance. 
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Crram  of  Tartar. 

The  most  common  adulterationB  met  with  in  this  substance  are  calcium  sulphate, 
calcium  carbouatc,  alum,  acid  phosphate  of  calcium,  and  starch.  Calcium  tartrato 
is  foimd  in  nearly  all  tartars,  but  this  can  not  be  considened  an  adulterant,  since  its 
source  is  the  argol  from  which  the  cream  of  tartar  is  manufactured.  This  impurity, 
however,  should  not  exceed  10  per  cent. 

Qualitative  examination. — This  may  be  made  as  ibllows : 

Free  tartaric  acid  is  tested  for  by  treating  a  portion  of  the  sample  with  alcohol. 
The  filtrate  from  this  is  evaporated  free  from  the  alcohol  and  a  test  made  for  acid. 
This  may  be  made  a  quantitative  determination  by  titrating  against  a  standard 
alkali  solution. 

Test  foT  phospJ^oric  acid  in  a  nitric  acid  solution  by  adding  ammonium  molybdate 
solution.  If  sulphates  be  present,  a  hydrochloric  acid  solution  of  the  ash  should  be 
tested  for  aluminum.  If  this  be  found,  a  test  for  ammonia  in  the  original  substance 
gives  additional  evidence  of  the  presence  of  alum. 

Earthy  additions  are  left  undissolved  after  treatment  with  a  warm  potassium 
hydroxid  solution. 

The  washed  residue  is  examined  for  carbonates,  sulphates,  calcium,  barium,  silica, 
etc.  This' operation  may  be  made  a  quantitative  one  by  drying  and  weighing  the 
residues;  if  calcium  sulphate  be  present,  alcohol  is  added  in  considerable  quantity 
before  filtering  and  in  the  washing. 

Starch. — From  2  to  5  grams  of  the  substance  are  weighed  into  an  Erlenmeyer  llask 
and  150  to  200  cc  of  a  4  per  cent  hydrochloric  acid  8oluti<m  added.  The  flask  is 
provided  with  a  stopper,  and  condensing  tube  3  to  4  feet  long.  Boil  gently  for  four 
hours,  cool,  neutralize  with  sodium  hydrate,  and  make  up  to  a  definite  volume. 
Determine  the  reducing  power  of  an  aliquot  portion  by  methods  given  in  Bulletin 
No.  46,  Division  of  Chemistry,  United  States  Department  of  Agriculture. 

Phosphoric  acidf  aluminum,  and  calcium. — Weigh  out  2  grams  of  the  sample,  incin- 
erate, transfer  to  a  200  cc  flask,  and  dissolve  by  boiling  in  30  cc  of  nitric  acid.  Make 
up  to  the  mark,  and  estimate  phosphoric  acid  as  in  fertilizer  analysis.  Slightly 
alkalize  the  filtrate  from  the  ammonium  phosphomolybdate  with  ammonia,  to  pre- 
cipitate the  aluminum  as  hydrate.  Heat  and  long  standing  should  be  avoided,  else 
the  molybdlc  acid  will  be  precipitated.  Filter,  wash,  ignite,  and  weigh  as  alu- 
minum oxid.  The  calcium  is  precipitated  from  the  last  filtrate  as  the  oxalate, 
ignited  and  weighed  as  the  oxid.  Or,  the  calcium  may  be  determined  by  evaporating 
an  aliquot  part  of  the  original  nitric  acid  solution  to  a  very  small  volume,  with  a  little 
sulphuric  acid,  and  then  adding  two  to  three  times  the  volume  of  95  per  cent  alcohol. 
Filter  by  means  of  a  Gooch  crucible,  wash  with  alcohol,  ignite  a  few  seconds  at  low 
red  heat,  and  weigh  as  calcium  sulphate. 

Total  tartaric  acid. — Weigh  out  5  grams  of  the  material  and  transfer  to  a  500  cc  flask. 
Add  100  cc  of  water  and  15  cc  of  strong  hydrochloric  acid.  Make  up  Do  the  mark  and 
allow  to  settle.  To  50  cc  of  the  filtered  solution  add  10  cc  of  a  solution  containing 
300  grams  of  potassium  carbonate  to  the  liter.  Boil  thirty  minutes,  filter  into  a  por- 
celain dish,  and  evaporate  to  10  cc.  Add  gradually,  with  constant  stirring,  4  cc  of 
glacial  acetic  acid  and  then  100  cc  of  95  per  cent  alcohol,  stirring  until  the  precipitate 
appears  crystalline.  Allow  to  stand  several  hours,  until  the  precipitate  settles  well, 
decant  through  a  small  filter,  add  alcohol,  and  wash  the  precipitate  on  the  filler  with 
alcohol  until  free  from  acetic  acid.  Transfer  the  filter  and  precipitate  to  a  beaker, 
add  water,  and  boil,  washing  out  the  dish  with  boiling  water  if  any  of  the  precipitate 
adhere  to  it.  The  resulting  solution  is  titrated  against  a  decinormal  soda  or  potash 
solution,  using  phenolphthalein  as  an  indicator.  One  cubic  centimeter  of  the  deci- 
normal alkali  corresponds  to  0.0188  gram  of  potassium  bitartrate  or  0.015  gram  of 
tartaric  acid. 

Calcium  tartrate. — In  the  presence  of  other  calcium  salts,  the  powdered  tartar  is 
treated  with  warm  potassium  hydroxid  solution,  adding  alcohol  if  the  sulphato  be 
present.    The  residue  is  washed  on  a  filter,  the  filtrate  neutralized  with  hydrochloric 
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acid,  ami  evaporated  to  a  small  volume.  The  caloiam  is  precipitated  with  ammonium 
oxalate  in  the  presence  of  a  little  free  acetic  acid.  The  calcium  oxalate  is  collected 
and  washed  in  a  (looch  cmoihle  and  weighed  i\a  calcium  carbonate,  aftvr  gentle 
ignition,  or  as  calcium  oxid  after  complete  ignition. 

Baking  rowDEiis. 

These  consist  of  bicarbonate  of  soda  with  some  acidifying  agent,  usually  bi tar- 
trate of  potassium,  acid  phosphate  of  calcium,  or  alum.  Tartaric  acid  is  occasion- 
ally used  for  this  purpose.  These  agents  are  mixed  with  some  substance  called 
''filling/' which  is  usually  starch,  although  flour  is  used  sometimes.  This  filling 
checks  deterioration  in  the  strength  of  the  powder,  by  preventing  the  acid  aud  alkali 
from  acting  upon  each  other  readily.  Ammonium  carbonate  is  sometimes  used  to 
increase  the  strength  of  the  powder. 

The  impurities  most  commonly  met  with  are  calcium  sulphate,  calcium  tartrate, 
and  insoluble  calcium  jihosphate.  These  are  not  called  adulterations,  since  they  are 
introduced  with  the  ingredients  of  the  powder. 

QUALITATIVE   TE8T8. 

Sulphates, — Sulphates  are  detected  in  an  aqueous  solution,  in  the  absenee  of  citric 
acid,  by  treating  with  barium  chlorid  and  hydrochloric  acid. 

Ammonia  talis. — Ammonia  salts  are  detected  in  the  cold-water  extract  by  boiling 
with  sodium  hydroxid  and  testing  the  steam  with  moist,  red  litmus  paper. 

PAo«pAa/«.-^Dissolve  the  ash  in  nitric  acid  and  add  ammonium  nitrate  and 
ammonium  molybdate  solution.  Test  for  insoluble  phosphates  by  boiling  the  powder 
with  water.  Then  filter,  wash,  and  dissolve  the  residue  with  hot  nitric  acid.  Test 
solution  for  phosphates  as  above,  page  126. 

Alumina, — Dissolve  the  powder  in  very  dilute  nitric  acid,  add  acetic  acid  and 
sodium  phosphate.  Or,  fuse  with  potassium  nitrate  and  sodium  carbonate,  extrac  t 
with  boiling  water,  and  filter.  Acidify  the  filtrate  with  hydrochloric  acid,  aud 
precipitate  the  alumina  with  ammonia. 

Tartaric  acid  and  tartrates. — Free  tartaric  acid  is  dissolved  out  by  absolute  alcohol 
and  identified.  Tartrates  are  tested  for  by  shaking  the  powder  iu  ammonia,  filter- 
ing, adding  a  crystal  of  silver  nitrate,  and  gently  heating  to  form  a  silver  mirror. 

It  should  be  noted  whether  there  be  any  considerable  amount  of  residue  insolu- 
ble in  boiling  water  other  than  starch.  If  such  be  the  case,  its  nature  should  be 
ascertained. 

QUANTITATIVE  DETERMINATIONS. 

Available  carbonic  acid. — This  is  the  most  important  estimation,  as  it  determines  the 
leavening  strength  of  the  powder.  Place  1  gram  of  the  sample  iu  a  dry  alkalimeter 
containing  10  cc  of  water  in  the  acid  bulb.  This  is  allowed  to  run  into  the  powder 
slowly,  after  which  it  is  gradually  brought  to  the  boiling  point.  Then  the  lamp  is 
removed  and  the  apparatus  is  aspirated  thoroughly. 

Total  carbonic  acid  is  determined  in  the  same  manner,  except  that  10  oc  of  dilute 
snlphnric  acid  are  placed  in  the  bulb  instead  of  pure  water. 

Starch,  phosphoric  acid,  tartaric  acid,  aluminumj  and  calcium  are  estimated  the  same 
as  in  the  cream  of  tartar  analysis.  In  case  of  phosphoric  acid  it  is  well  to  incinerate 
before  dissolving  in  nitric  acid. 

Sulphuric  add. — Weigh  0.5  to  1  gram  of  the  sample  into  a  beaker  and  digest  with 
strong  hydrochloric  acid  until  all  goes  into  solution.  Add  barium  chlorid,  in  slight 
excess,  while  still  hot.    Allow  to  stand  twelve  hours,  filter,  ignite,  and  weigh. 

Potash  and  soda. — Weigh  out  5  grams  of  the  substance  into  a  dish  aud  incinerate  at 
low  heat.  It  is  safer  to  add  an  excess  of  sulphuric  acid  before  incinerating.  With 
the  aid  of  a  little  hydrochloric  acnd,  transfer  to  a  500  cc  llask,  add  water,  and  boil 
fifteen  minutes.     When  cool,  make  up  to  the  mark.     One  hundred  cubic  centimeters 
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of  the  filtered  solution  are  heated  on  a  water  bath,  a  8li<;ht  excess  of  hariom  clilorid 
added,  and  then,  without  filtering,  a  slight  excess  of  barium  hydroxid.  The  precipi- 
tate is  filtered  off  and  washed.  To  the  filtrate  is  added  a  little  aiumouium  hydrate, 
and  then  ammonium  carbonate  until  all  the  barium  is  precipitated.  The  precipi- 
tate is  filtered  off  and  washed  and  the  filtrate  is  evaporated  to  dryness  in  a  platinum 
dish;  after  aeidifying  with  dilute  sulphuric  acid.  The  residue  is  thoroughly  ignited 
and  weighed  as  mixed  sulphates  of  potassium  and  sodium.  The  potash  is  then 
determined  in  the  residue  by  dissolving  in  hot  water  and  hydrochloric  acid,  adding 
platinum  chlorid,  and  proceeding  in  the  usual  way. 

Ammonia  is  present  either  as  the  carbonate  or  as  ammonia  alum.  It  may  be  deter- 
mined by  distilling  1  gram  of  the  sample  with  caustic  soda.  The  distillate  is 
received  into  an  excess  of  standard  acid  solution  and  titrated  back  with  a  standard 
alkali  solution.  In  case  flour  is  used  as  a  filling,  which  is  not  often,  it  must  be  sepa- 
rated from  the  ammonia  salts  by  washing  with  water,  and  the  ammonia  det'Ormined 
in  the  filtrate. 

A  water  solution  of  a  baking  powder  should  be  about  neutral;  but  in  poorly  made 
powders  it  is  often  alkaline.  If  such  be  the  case,  the  free  alkali  should  be  determined 
by  titration. 

Vinegar. 

The  adulterations  most  frequently  met  with  iu  vinegar  are  water,  pyroligneous 
acid,  mineral  acids,  usually  sulphuric  or  hydrochloric,  caramel,  aud  other  coloring 
matters. 

Cider  vinegar  usually  contains  from  3.5  to  6  per  cent  acetic  acid,  1.5  to  2.5  per 
cent  solids,  and  has  a  density  usually  given  from  1.013  to  1.016  at  15<^  C,  but  it  often 
goes  far  beyond  these  limits.  The  dried  residue  has  the  odor  of  baked  apples,  con- 
tains malic  but  no  tartaric  acid,  and  gives  slight  precipitates  with  barium  chlorid, 
silver  nitrate,  aud  ammonium  oxalate. 

HHne  vinegars  run  high  in  acetic  acid  and  density,  and  have  from  1.7  to  2.5  per 
cent  solids.  The  extract,  treated  with  alcohol,  leaves  a  granular  residue  of  acid 
tartrate  of  potassium.  The  average  amount  of  this  salt  is  about  0.25  per  cent.  Its 
presence  is  peculiar  to  wine  vinegars. 

Beer  and  malt  vinegars  have  a  high  density,  ranging  from  1.021  to  1.025,  and  a  high 
percentage  of  solids,  from  5  to  6  per  cent.  They  also  contain  a  high  perceutage  of 
phosphates,  and  considerable  quantities  of  sulphates  and  cblorids. 

The  specific  gravity  is  determined  by  a  Westphal  balance,  or  a  picnometer,  at  a 
temperature  of  15^  C. 

The  acidity  is  determined  by  titrating  against  a  decinornial  sodium  hydroxid 
solution,  using  pheuolphthalein  as  indicator.  The  result  is  cafculated  to  percentage 
of  acetic  acid. 

Free  mineral  acids. — A  solution  of  logwood  is  prepared  by  pouring  200  cc  of  boil- 
ing water  on  2  grams  of  logwood  chips  and  allowing  to  stand  for  a  few  hours  before 
filtering.  Dry  a  drop  of  this  solution  on  a  porcelain  surface,  add  a  drop  of  the 
vinegar  to  the  residue  and  dry  again.  The  presence  of  a  mineral  acid  imparts  a 
red  color  to  the  residue.  If  the  proportion  of  mineral  acid  be  very  small,  the  red 
color  is  destroyed  by  the  addition  of  water,  but  is  restored  on  reevaporation  unless 
nitric  acid  is  present.  If  mineral  acids  be  present,  add  enough  sodium  hydroxid 
solution  to  50  grams  of  the  solution  to  neutralize  the  mineral  acids,  but  not  enough 
to  render  the  liquid  alkaline.  Evaporate  aud  carefully  ignite.  Titrate  back  with 
standard  acid.  The  difierence  in  the  amounts  of  alkali  and  acid  used  is  the  amour  ^ 
neutralized  by  the  free  mineral  acids. 

Free  sulphuric  acid. — Evaporate  100  grams  of  the  sample  to  a  small  volume;  cool; 
add  four  to  five  times  its  volume  of  alcohol.  Sulphates  are  precipitated  and  freu 
sulphuric  acid  remains  in  solution.  Filter;  wash  the  precipitate  with  80  per  cent 
alcohol;  boil  off  the  alcohol  from  the  filtrate  after  dilution,  and  precipitate  the 
sulphuric  acid  as  barium  sulphate. 
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Solids, — Evaporate  10  grams  of  the  sample  to  dryness  on  a  steam  bath  and  then 
dry  to  a  constant  weight  at  100^  C, 

Ash. — Bam  solid  residue  at  dull  red  heat.  Test  the  ash,  after  moistening,  with 
litmus.  If  it  be  neutral,  free  mineral  acids  are  probably  present  in  the  sample.  If 
it  be  alkaline  none  can  be  present. 

Phosphoric  acid. — Dissolve  the  ash  in  nitric  acid,  filter,  and  add  a  few  crystals  of 
ammonium  nitrate.  When  these  are  dissolved,  add  about  25  cc  of  the  clear  animo- 
iiinm  moly  bdate  solution  used  in  fertilizer  analysis.  Digest,  with  occasional  stirring, 
for  thirty  minntes  in  a  warm  place,  not  allowing  the  temperatdre  to  rise  above  65°  C. 
Let  8taud  one  hour  in  the  cold  and  filter  through  a  weighed  Gooch  crucible.  Wash 
with  water  slightly  acidulated  with  nitric  acid.  Dry  thirty  minntes  at  105°  to 
110°  C.  and  weigh.  Calculate  the  percentage  of  phosphoric  acid  by  the  use  of  the 
factor  0.0367. 

Canned  Food. 

The  practice  of  preserving  various  kinds  of  food  in  hermetically  sealed  re'^epta- 
des  has  become  so  common  that  far  more  attention  should  be  given  to  canned  food 
which  is  on  the  market  than  it  receives  at  the  present  time,  and  methods  for  its 
examination  should  be  adopted.  The  appearance  of  the  cans  themselves  shonld 
first  be  noted.  The  ends  should  be  slightly  concave,  since  the  contents  are  sterili/ed 
by  means  of  heat  and  a  contraction  of  volume  must  uecessarily  follow  cooling.  If 
the  ends  of  the  can  be  convex,  some  decomposition  is  indicated.  In  the  case  of 
bottled  goods,  the  pressure  on  the  cork  should  be  observed  since  even  the  slightest 
pressure  tending  to  expel  the  cork  is  an  indication  that  some  decomposition  has 
taken  place  after  the  goods  were  put  up.  Marked  corrosion  on  the  inside  of  the  can 
is  often  an  indication  of  the  presence  of  metals  in  solution.  No  food  which  is  capable 
of  corroding  metal  receptacles  should  be  preserved  in  them.  In  canned  corn,  corro- 
sion may  be  sometimes  due  to  the  presence  of  sodium  sulphite,  which  is  added  for 
the  purpose  of  bleaching  the  com.  In  such  cases  dark  nodules  of  tin  sulphid  are 
also  found  at  the  edge  of  the  can. 

Any  sample  of  canned  goods  which  has  an  alkaline  reaction  with  litmus  paper  is 
to  be  regarded  with  suspicion. 

Among  the  various  classes  into  which  canned  food  may  be  divided  are  meats,  meat 
extracts,  fruits,  vegetables,  and  catsups.  The  most  common  adulterants,  perhaps, 
are  added  for  the  purpose  of  better  preserving  the  food,  and  are  treated  of  in  some 
detail  under  the  head  of  preservatives.  To  prepare  a  sample  of  canned  food  in  such 
a  manner  that  the  methods  given  for  detection  of  preservatives  may  be  applicable, 
from  50  to  200  grams  of  the  sample,  previously  ground,  if  necessary,  are  mixed  in  a 
mortar  with  enough  water  to  give  the  proper  degree  of  fluidity. 

Coloring  matter  is  also  very  commonly  used,  especially  with  food  of  a  marked  red 
or  green  color,  such  as  tomatoes,  catsups,  some  varieties  of  meat,  peas,  beans,  and 
piekles.  The  salts  of  several  metals  are  often  present,  sometimes  having  been 
added  intentionally,  at  other  times  due  to  carelessness  or  tbe  use  of  improper 
receptacles.  Among  these  metals  the  most  important  are  copper,  lead,  tin,  and  zinc. 
A  slight  amount  of  copper  may  be  normal  to  many  vegetables.  A  somewhat  larger 
amount  may  come  from  the  use  of  copper  utensils;  but  if  the  utensils  be  kept 
clean,  and  ordinary  care  exercised  in  the  preparation  of  tbe  food,  only  a  slight 
amount  of  the  metal  will  be  introduced  in  this  way.  The  presence \>f  more  than  10 
mg  of  copper  per  kilogram  of  the  food  may  be  taken  as  sufficient  evidence  that 
copper  has  been  intentionally  added.  This  practice  is  only  resorted  to  for  the  pur- 
pose of  giving  a  marked  green  color  to  foods  to  which  a  portion  of  the  public  has 
been  educated  to  ascribe  a  green  of  unnatural  brightness,  especially  peas,  beans, 
and  cucumber  pickles.  Zinc  has  in  a  few  cases  been  added  for  the  same  purpose, 
but  its  use  as  an  agent  in  preserving  the  coloring  matter  has  not  become  at  all 
general.  Its  presence  in  canned  food  is  very  common,  but  is  almost  always  due  to 
its  use  as  a  flux  in  soldering. 
16603— No.  51 9 
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Lead  comes  from  the  use  of  inferior  tin  plate  or,  more  commonly^  solders  which 
are  much  too  soft.  The  tin  plate  employed  shonld  be  almost  free  from  lead,  and 
solder  which  is  exposed  to  the  contents  of  the  can  should  contain  less  than  10  per 
cent  of  lead.  Owing  to  the  lack  of  legislation  on  the  subject  in  this  country,  how- 
ever, the  solders  commonly  used  by  our  canners  contain  from  40  to  60  per  cent  of 
lead,  and  not  only  is  a  large  amount  of  this  solder  exposed  to  the  contents  of  the 
can  iu  the  seams,  but  it  often  happens  that  one  or  more  pellets  of  the  size  of  bullets 
are  found  loose  in  the  can. 

Tin  is  frequently  dissolved  from  the  tin  plate  by  strongly  acid  foods.  It  is  proba- 
ble that  the  amount  of  tin  sulphid  is  much  greater  where  the  soldering  or  plate 
exposed  to  the  contents  of  the  can,  contains  a  large  peroentage  of  lead.  It  has  been 
suggested  that  this  is  due  to  electrolytic  action. 

In  examining  a  sample  of  canned  goods  for  hoavy  metals,  it  should  first  be  dried 
at  the  temperature  of  boiling  water  and  charred  in  a  porcelain  dish  at  the  lowest 
possible  temperature.  The  soluble  compounds  may  then  be  removed  by  washing 
the  char  with  a  few  cubic  centimeters  of  dilute  nitric  acid  and  filtering.  The  char 
and  filter  are  then  ignited,  and  the  residue,  dissolved  in  a  little  dilute  nitric  acid, 
added  to  the  filtrate  from  the  char.  The  ordinary  qualitative  and  quantitative 
methods  for  the  metals  enumerated  may  then  be  applied  to  the  solution. 

Wines. 

The  practice  of  adulterating  wines  is  so  common  and  the  methods  of  adulteration 
have  been  studied  so  long  and  so. carefully  that  the  detection  of  the  adulterants 
used  is  often  attended  with  the  greatest  difficulty. 

The  composition  of  dry  wines  and  sweet  wines,  calculated  to  sugar-free  substances, 
should  not  vary  far  from  the  following  figures : 

Composition  of  wines. 


Constituents. 


Alcohol,  by  Tolnnie 

Extract,  leas  Hugar 

Total  acidity 

Tannin  and  coloring  matter. 
Ash 


Grams  per  100  co. 

Bed. 

White. 

12.0 

2.80 

.50 

.25  1 
.28 

11. 60    1 

2.00 

.55 

.96 
.20 

These  figures  are  for  young  wines.  After  standing  two  or  three  years,  the  peroent- 
age of  extract  will  decrease  about  10  per  cent.  Wines  should  be  regarded  with 
suspicion  which  contain  less  than  2.4  grams  of  extract  or  more  than  3.2  grams  per 
100  cc,  or  which  contain  less  than  0.2  gram  of  ash  or  more  than  0.35  gram  per  100  co, 
whose  total  acidity  is  less  than  0.45  gram  HCl  per  100  cc,  whose  ash  is  less  than 
one- eighth  or  more  than  one-half  of  the  sugar-free  extract,  whose  sulphuric  acid  cal- 
culated to  potassium  sulphate  is  over  0.2  gram  per  100  co,  and  whose  chlorin  calcu- 
lated to  sodium  chlorid  is  over  0.2  gram  per  100  ce. 

With  American  wines,  the  presence  of  volatile  acid,  calculated  to  acctiA  acid,  in 
excess  of  one-foyrth  of  the  total  acid  may  be  considered  almost  certain  evidence  of 
adulteration,  though  with  European  wines  the  ratio  is  somewhat  larger.  Wines 
sometimes  contain  an  appreciable  amount  of  copper,  lead,  and  zinc,  and  sometimes, 
though  rarely,  traces  of  arsenic  are  found,  owing  to  the  use  of  crude  glucose  and 
auilin  dyes  for  the  purpose  of  coloring.  Copper,  lead,  and  zinc  may  be  detected  as 
directed  under  canned  foods.  For  the  detection  of  arsenic,  the  extract  should  be 
digested  with  2  cc  of  sulphuric  acid  and  about  25  cc  of  nitric  acid  to  destroy  the 
organic  matter,  heated  with  sulphuric  acid  until  nitric  fumes  are  entirely  expelled, 
and  the  residue  examined  with  the  Marsh  apparatus. 

Methods  for  the  detection  of  preservatives  are  given  on  page  132. 
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DBTECTION  OF  COLORING  MATTER. 

FiTBt  method. — ^Add  0.2  gram  of  precipitated  mercnric  oxid  to  10  oc  of  wine ;  shake 
for  one  minnte  and  filter. 

Pure  wines  give  filtratee  which  are  colorless  or  light  yellow,  while  the  presence  of 
a  more  or  less  red  coloration  indicates  that  an  anilin  color  has  been  added  to  the 
wine. 

Second  method. — ^Evaporate  the  alcohol  from  200  cc  of  wine,  add  2  to  4  cc  of  a  10 
per  cent  solution  of  hydrochloric  acid,  imiuerse  soDie  threads  of  fat-free  wool,  and 
boil  for  five  minutes.  Remove  the  threads,  wash  them  with  cold  water  acidified 
with  hydrochloric  acid,  then  with  hot  water  acidified  with  hydrochloric  acid,  then 
with  pure  water,  and  dissolve  the  color  in  a  boiling  mixture  of  50  cc  of  water  and 2 
oc  of  concentrated  ammonia.  Replace  the  threads  with  new  ones,  acidify  with  hydrO' 
chloric  acid,  and  boil  again  fo^five  minutes.  In  the  presence  of  anilin  colors  to  the 
amount  of  2  mg  per  liter,  the  threads  are  dyed  as  follows : 

Safranin light  rose  red. 

Vinolin rose  red  to  violet. 

Bordeaux  red rose  red  to  violet. 

Poneeau  red rose  red. 

Fuchsin dirty  white. 

Tropteolin  00 straw  yellow. 

Tropseolin  000 light  orange. 

GoralliB dirty  white. 

This  method  is  not  suitable  for  the  detection  of  fuchsin  or  corallin. 

Detection  of  fuchsin  and  orseilh. — To  20  cc  of  wine  add  10  cc  of  lead  acetate  solu- 
tion, heat  slightly,  and  mix  by  shaking.  Filter  into  a  test  tube,  add  2  cc  of  amyl 
alcohol  and  shake.  If  the  amyl  alcohol  be  colored  red,  separate  it  and  divide  it  into 
two  portions.  To  one  add  hydrochloric  acid,  to  the  other  ammonia.  When  the 
color  is  due  to  fuchsin,  the  amyl  alcohol  will  in  both  cases  be  decolorized;  when  due 
to  orseille,  the  ammonia  will  change  the  color  of  the  amyl  alcohol  to  purple  violet. 

Bebr. 

Beer  is  made  by  fermenting  the  aqueous  extract  of  malted  barley,  after  the  addition 
of  hope.  In  some  countries,  there  is  legislation  providing  that  beer  shall  be  manu- 
factored  exclusively  firom  malt,  hops,  and  water.  In  this  country,  however,  the  use 
of  certain  malt  substitutes  is  considered  legitimate.  If  unmalted  barley  be  employed 
as  a  malt  substitute,  or  any  other  cereal  whose  content  of  insoluble  albuminoids  is 
equal  to  that  of  malt,  the  food  value  of  the  beer  is  probably  not  decreased.  If 
dextrin,  starch,  or  rice  be  employed,  however,  the  content  of  albuminoids  will  be 
materially  reduced.  The  important  determinations  for  judging  of  the  quality  of 
the  beer  or  of  its  adulteration  are  alcohol,  specific  gravity,  glycerin,  ash,  sulphuric 
acid,  salpburous  acid,  phosphoric  acid,  and  chlorin.  It  is  also  essential  to  examine 
qualitatively  for  the  presence  of  preserving  agents  and  saccharin.  The  methods 
for  the  detection  of  the  presence  of  the  last  two  named  are  given  under  appropriate 
headings.  Hydrochloric  acid  may  be  determined  in  the  nitric-acid  solution  of  the 
ash,  by  any  of  the  well-known  gravimetric  or  volumetric  methods.  The  other  sub- 
stances named  may  be  determined  by  the  methods  given  under  the  adulteration  of 
wine.  The  glycerol  content  of  beer  should  not  be  less  than  0.4  gram  per  100  cc.  The 
ash  sboold  not  be  less  than  0.12  nor  greater  than  0.30  gram  per  100  cc.  The  presence 
of  less  than  0.10  gram  indicates  that  some  malt  substitute  which  is  low  in  ash,  such 
as  starch,  has  been  used  in  the  preparation  of  the  beer,  while  if  the  ash  content  be 
greater  than  0..30  gram  per  100  cc,  and  the  volatile  acids,  calculated  to  acetic  acid, 
less  than  0.075  gram  per  100  cc,  it  is  probable  that  an  excess  of  acid  has  been 
nentralized  by  sodium  carbonate,  and  the  ash  of  the  beer  shonld  be  examined  for 
h«ih  sodium  and  oarbonio  aoid.    The  presence  of  phosphoric  acid  should  not  be  less 
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than  0.06  gram  nor  greater  than  0.10  gram  per  100  cc.  If  less  than  0.05  gram,  it  is 
probable  that  a  portion  of  the  malt  has  been  replaced  by  starch  or  some  similar  sub- 
stance. In  European  countries,  hop  substitutes  are  said  to  be  frequently  employed. 
Their  presence  has  never  been  noticed  in  American  beers,  bowoTer,  and  the  low 
price  of  hops  makes  it  entirely  improbable  that  substitutes  are  to  be  found  in  Amer- 
ican beers. 

Cider. 

Cider  is  the  Juice  of  the  apple,  either  fresh  or  partially  or  wholly  fermented,  but 
without  the  addition  of  any  other  substance.     The  composition  of  cider  is — 

Composition  of  cider. 


Coostitiieuts. 


Alcohol 

Extract 

Sugar 

Total  acidity,  calculated  to  HaSO* 
Fixed  acids,  calculated  to  H-SO^.. 

Ash 

Potassium  carbonate 


Grams 

jjer  100  cc. 

Below       7 

2 

to  8 

0.4 

to  4 

0.2 

to  0.5 

0-1 

to  0.27 

0. 17  to  0. 35 

0.14  to  0.23    1 

The  adulterations  to  which  cider  are  subjected  in  this  country  are  dilution  with 
water  and  the  addition  of  alkali  to  correct  acid  fermentation,  and  especially  the 
addition  of  preservatives.  The  percentage  of  alcohol  increased  by  49  per  cent  of  the 
content  of  sugar  and  97  per  cent  of  the  content  of  volatile  acid,  calculated  to  acetic 
acid,  should  not  be  less  thtui  3  nor  greater  than  9.  The  percentage  of  extract  should 
be  from  2  to  8,  including  sugar,  and  obviously,  if  the  percentage  of  alcohol  be  high 
the  percentage  of  sugar  will  be  correspondingly  low.  The  presence  of  less  than  1.7 
per  cent  of  ash  may  bu  taken  as  evidence  of  dilution  with  water,  while  if  the  per- 
centage of  ash  be  greater  than  3.5  it  is  probable  that  a  carbonate  has  been  added 
for  the  purpose  of  neutralization. 

PrESKR  V  ATI  VES. 

The  methods  given  below  for  the  detection  of  preservatives  are  applicable  to 
liquids  only.  If  it  be  desired  to  apply  them  to  solid  or  semisolid  substances,  it  will 
be  necessary  to  grind  these  in  a  mortar  with  water  until  a  sufficient  degree  of  fluidity 
is  obtained.  It  may  sometimes  be  necessary  to  macerate  the  substance  in  some  way 
before  it  can  be  ground  in  the  mortar. 

SALICYLIC  ACID. 

First  method. — Shake  about  100  grams  of  the  sample,  after  adding  5  oo  of  dilate 
(1 :3)  sulphuric  acid,  with  25  cc  of  chloroform.  Allow  to  stand  over  night,  remove  the 
clear  filtrate  (not  the  emulsion)  by  means  of  a  pipette,  and  evaporate  to  dryness  at  a 
low  temperature.  Take  up  with  2  or  3  cc  of  water,  filter  into  a  clean  porcelain  dish, 
and  test  with  a  few  drops  of  a  0.5  per  cent  solution  of  ferric  cblorid.  The  formation 
of  a  marked  purple  or  violet  color  is  sufficient  evidence  of  the  presence  of  salicylic 
acid. 

Second  metJiod, — Acidify  100  cc  of  the  liquor  with  sulphuric  acid  and  extract  with 
sulphuric  ether.  Evaporate  the  extract  to  dryness,  warm  the  residue  carefully  with 
1  drop  of  conceDtrat<Ml  nitric  a(^id,  and  add  2  or  3  drops  of  ammonia.  The  presence 
of  salicylic  acid  in  the  liquor  is  indicated  by  the  formation  of  the  yellow  color  of 
ammonium  picrate,  and  may  be  confirmed  by  dyeing  a  thread  of  fat- free  wool. 

Third  method. — Place  100  cc  of  the  wine  in  a  separatory  funnel,  add  5  cc  of  sul- 
phuric acid  (1 :3),  and  extract  with  a  sufficient  quantity  of  a  mixture  of  eight  or  nine 
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parts  of  ether  to  one  part  of  petroleum  ether.  Throw  away  the  aqneous  solution, 
wash  the  ether  once  with  water,  then  shake  thoroughly  with  ahont  50  cc  of  water, 
to  which  from  6  to  8  drops  of  0.5  per  cent  solution  of  ferric  chlorid  have  been  added. 
Discard  the  aqueous  solution,  which  contains  the  greater  part  of  the  tannin  in  com- 
bination with  iroD,  wash  again  with  water,  transfer  the  ethereal  solution  to  a  porce- 
lain dish,  and  allow  to  evaporate  spontaneously.  Then  heat  the  dish  on  the  steam 
bath,  take  np  with  1  or  2  cc  of  cold  water,  filter  into  a  test  tube,  and  add  I  or  2 
drops  of  0.5  per  cent  solution  of  ferric  chlorid.  The  presence  of  salicylic  acid  is 
indicated  by  the  appearance  of  a  violet-red  coloration.  In  the  case  of  red  wine-s  a 
second  extraction  of  the  residue  with  ether  mixture  is  sometimes  necessary.  This 
is  determined  by  the  color  of  the  residue  left  in  the  dish  on  the  evaporation  of 
the  ether. 

This  method  can  not  be  used  in  the  examination  of  beers  and  ales. 

Fourth  (GirarePa)  method. — Extract  a  portion  of  the  acidided  liquor  with  ether  as 
in  the  preceding  methods,  evaporate  the  extract  to  dryness,  and  extract  the  residue 
with  petroleum  ether.  The  residue  from  the  petroleum  ether  extract  is  dissolved  in 
water  and  treated  with  a  few  drops  of  a  very  dilute  solution  of  ferric  chlorid.  The 
presence  of  salicylic  acid  is  indicated  by  the  appearance  of  a  violet-red  coloration. 

BENZOIC  ACID. 

First  method, — Benzoic  acid  is  used  for  the  preservation  of  a  large  variety  of  foods. 
It  is  probably  the  preservative  most  commonly  used  with  catsups  and  preserves. 

Extract  from  100  to  200  grams  of  the  sample  by  any  of  the  methods  given  under 
salicylic  acid,  evaporate  the  ether  or  chloroform  extract  to  dryness,  take  up  the 
residue  with  8  or  10  cc  of  water,  filter,  neutralizing  the  filtrate  as  exactly  as  possi- 
ble with  a  dilute  solution  of  sodium  hydroxid,  being  careful  not  to  add  the  sodium 
hydroxid  in  excess,  and  treat  with  a  few  drops  of  a  0.5  per  cent  solution  of  ferric 
chlorid.  The  presence  of  benzoic  acid  will  ])e  indicated  by  the  formation  of  a 
voluminous  brownish- colored  precipitate  of  ferric  benzoate. 

Second  method, — Five  hundred  cubic  centimeters  of  the  sample  are  distilled  almost 
to  dryness  after  the  addition  of  20  cc  of  sirupy  phosphoric  acid.  The  distillate  is 
then  extracted  with  several  successive  portions  of  ether  and  the  ethereal  solution 
treated  by  Mohler's  method. 

The  details  are  as  follows:  Evaporate  off  the  ether  from  the  resulting  extract, 
and  treat  the  residue  with  2  or  3  cc  of  strong  sulphuric  acid.  Heat  till  white 
fumes  appear.  Organic  matter  is  charred  and  benzoic  acid  is  converted  into  sulpho- 
benzoic  acid.  A  few  crystals  of  potassium  nitrate  are  then  added.  This  causes 
the  formation  of  metadinitrobenzoic  acid.  When  cool^the  acid  is  poured  into  water 
and  ammonia  added  in  excess,  followed  by  a  drop  or  two  of  ammonium  sulphid. 
The  nitro  compound  becomes  converted  into  ammonium  metadinmidobenzoate, 
which  possesses  a  peculiar  reddish-brown  color.  This  reaction  takes  place  imme- 
diately and  is  seen  at  the  surface  of  the  liquid  without  stirring.  Salicylic  acid 
will  sometimes  give  the  same  reaction,  but  only  after  waiting  some  minutes.  The 
benzoic  acid  must  first  be  separated  in  a  state  of  approximate  purity  before  this 
test  can  be  applied.  Half  a  milligram  of  the  acid  can  be  detected  in  the  absence  of 
interfering  bodies. 

FLUORID8. 

The  use  of  fiuorids  as  antiseptics  is  now  becoming  quite  common,  especially  for 
the  preservation  of  wines.  One  hundred  grams  of  the  sample,  made  slightly  alka- 
line with  ammonium  carbonate,  are  heated  to  boiling  and  the  fluorin  precipitated 
with  a  few  cubic  centimeters  of  calcinm  chlorid  solution.  The  boiling  is  contin- 
ued for  five  minntes  after  the  precipitation,  the  precipitate  removed  by  filtration, 
washed  with  a  little  water,  dried,  and  ignited  in  a  small  platinum  crucible.  One 
cubic  centimeter  of  strong  sulphuric  acid  is  added,  and  the  crucible  is  covered  with 
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a  watch  glass  coated  with  beeswax  (marked  in  sach  a  way  as  to  permit  it  to  be 
etched  at  some  point)  heated  on  a  water  bath  for  an  honr  at  a  temperature  of  from 
75"^  to  80^.    One  mg  per  kg  can  be  readily  detected  l>y  this  method. 

BORIC  ACID. 

First  method. — Boric  acid  and  borax  have  long  been  nsed  for  the  preservation  of 
many  articles  of  food,  especially  milk  and  meats.  A  great  many  preservatives  are 
placed  on  the  market  which  consist  especially  of  boric  acid,  either  free  or  combined. 
For  the  detection  of  boric  acid,  from  50  to  100  grams  of  the  sample  are  made  alka- 
line with  sodinm  hydroxid  or  lime,  dried,  and  thoronghly  ignited.  The  ash  is  acidi- 
fied with  hydrochloric  acid,  a  drop  of  tarmeric  tincture  added,  and  the  dish  placed 
on  the  steam  bath.  The  presence  of  boric  acid  imparts  a  cherry-red  color  which  is 
unmistakable,  even  when  present  in  very  small  quantities.  It  is  best,  however,  to 
always  conduct  a  blank  experiment,  as  a  pale-brown  color  is  commonly  given  by  the 
reagents  themselves. 

Second  method, — Another  method  is  to  make  100  grams  of  the  sample  alkaline  with 
sodium  hydroxid  or  lime,  evaporate  to  dryness,  and  incinerate  as  g^ven  above. 
Digest  the  residue  in  a  few  drops  of  dilute  sulphuric  acid,  add  3  or  4  ce  of  alcohol, 
transfer  the  mixture  to  a  platinum  crucible,  placing  the  cover  in  such  a  position 
that  a  small  opening  is  left,  and  heat  gradually  and  gently  until  the  alcohol  distills 
and  may  be  burned  from  the  oponiifg  that  is  left  at  the  top  of  the  crucible.  The 
presence  of  boric  acid  is  indicated  by  a  green  flame.  If  sufficient  care  has  been 
exercised  In  the  distillation,  the  flame  will  be  free  from  the  influence  of  sodium  or 
calcium,  and  the  green  boric-acid  flame  may  be  recognized  even  if  but  traces  of  the 
substance  be  present. 

ALKALINE  FLUOBORATB8  AND  FLU08ILICATK8. 

These  preservatives  are  frequently  overlooked  in  tbe  examination  of  foods,  as  at 
low  temperature  they  are  decomposed,  volatile  compounds  being  formed.  For  their 
detection  200  grams  of  the  sample  are  made  alkaline  with  lime  water,  evaporated 
to  tiryness,  and  incinerated.  The  ash  is  treated  with  water  slightly  acidified  with 
acetic  acid  and  filtered.  The  filtrate  may  be  examined  as  directed  under  ''  Borio 
acid"  and  the  precipitate  as  directed  under  "Fluorids." 

PHENOL  DERIVATIVES. 

Several  compounds  closely  related  to  and  derived  f^om  phenol  and  naphthol  have 
been  used  for  the  preservation  of  fats  to  some  extent,  although  their  use  is  by  no 
means  common.  Two  hundred  grams  of  the  sample  are  acidified  with  dilute  sul- 
phuric acid  and  distilled  with  steam.  The  first  200  cc  of  the  distillate  are  extracted 
in  a  separatory  funnel  with  15  or  20  cc  of  chloroform.  The  chloroform  is  separated, 
rendered  slightly  alkaline  with  potassium  hydroxid,  and  heated  almost  to  boiling  foi 
a  few  minutes.  The  presence  of  a  compound  belonging  to  the  clas8  mentioned  will 
be  shown  by  a  marked  color.  Phenol  becomes  light  red,  changes  to  brown,  then 
bright  yellow,  and  finally  colorless.  O-cresol  takes  on  a  lilac  color  with  a  tinge  of 
orange,  ^-naphthol  gives  a  deep  Prussian  blue,  changing  to  green,  and  finally  to 
brown.     Salol  takes  on  a  light-red  color. 

SrLPHITES. 

Sulphites  are  very  often  added  to  wine  for  the  double  purpose  of  bleaching  and 
preserving.  Since  the  sulphuring  of  the  casks  is  a  common  practice  and  is  allow- 
able, it  is  a  very  difficult  matter  aud  often  impossible  to  tell  whether  the  sulphurous 
acid  is  due  to  the  sulphuring  of  the  cask  or  to  the  addition  of  a  sulphite.  The 
only  way  to  control  the  matter  is  to  prescribe  an  allowable  limit  for  the  amount  of 
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salphnroos  acid  present.    It  may  be  detected  as  follows,  and  should  not  exceed  80 
mg  per  liter : 

One  hundred  cable  centimeters  of  wine  are  distilled  in  a  current  of  carbon  dioxid, 
after  the  addition  of  phosphoric  acid,  until  abont  50  cc  have  passed  over.  The  dis- 
tillate is  collected  in  accurately  Ktandardized  iodin  solution.  When  the  distilla- 
tion is  finished,  the  excess  of  iodin  is  determined  with  standardized  sodium  thiosul- 
phate  solution,  and  the  sulphurous  acid  calculated  from  the  iodin  used. 

ABRASTOL  OR  A8APROL. 

Abrastol  has  been  suggested  for  the  presorration  of  food,  and  is  said  to  have  been 
osed  to  some  extent  for  this  purpose  in  Europe.  Its  use  in  this  country  has  not 
become  general,  however,  and  it  is  quite  probable  that  it  does  not  occur  in  American 
foods  at  all.  Bellier's  method  is  probably  the  most  delicate  that  has  yet  been  sug- 
gest-ed  for  its  detection. 

Fifty  cubic  centimeters  of  the  sample  are  made  alkaline  with  a  few  drops  of  am- 
monia, gently  shaken  for  two  minutes  with  10  cc  of  amyl  alcohol  (alcohol  is  added 
if  an  emulsion,  be  formed),  the  amyl  alcohol  is  decanted,  filtered  if  turbid,  aud 
evaporated  to  dryness.  '  The  residue  in  thoroughly  moistened  with  2  ccof  a  mixture 
of  equal  parts  of  strong  nitric  acid  and  water,  heated  on  the  water  bath  until  half 
of  the  water  is  evaporated,  and  transferred  to  a  test  tube  with  the  addition  of  1  cc 
of  water.  About  0. 2  gram  of  ferrous  sulphate  are  now  added,  and  then  an  excess  of 
ammonia,  drop  by  drop,  with  constant  shaking.  If  the  resulting  precipitate  be  of  a 
reddish  color,  it  is  dissolved  in  a  few  drops  of  sulphuric  acid,  and  ferrous  sulphiste 
and  ammonia  are  added  as  before.  As  soon  an  a  dark-colored  or  greenish  precipitate 
has  been  obtained  5  cc  of  alcohol  are  added,  the  precipitate  is  dissolved  in  sulphuric 
acid,  and  the  fluid  is  well  shakep  and  filtered.  In  the  absence  of  abrastol  this 
method  gives  a  colorless  or  light-yellow  liquid,  while  a  red  color  is  produced  in  the 
presence  of  0. 01  gram  of  abrastol.  The  author  states  that  the  method  is  applicable 
to  the  examination  of  wiue,  beer,  sirups,  aud  preserved  food. 

Fata  should  first  be  melted,  extracted  with  hot  20  percent  alcohol,  the  filtered 
alcohol  evaporated  to  dryness,  and  the  residue  treated  as  given  above.  Salicylic 
acid  gives  a  more  orange-colored  liquid  when  treated  in  the  same  manner,  and  when 
this  liquid  is  treated  with  a  few  drops  of  a  very  dilute  ferric  chlorid  solution  the  well- 
known  violet  reaction  is  produced,  while  abrastol  gives  a  blue  color  with  ferric 
chlorid,  which  disappears  on  heating.  The  natural  coloiing  matter  is  not  extracted 
from  the  alkaline  liquid  by  amyl  alcohol,  and  anilin  colors  may  be  removed  by  . 
evaporating  to  dryness  with  wool,  in  the  prenence  of  acetic  acid  or  ammonium 
hydroxid,  according  to  the  nature  of  the  coloring  matter,  when  water  will  dissolve 
only  the  abrastol. 

FORMA  LDBHYDK. 

Distill  about  100  grams  of  the  prepared  sample  until  the  distillate  measnres  about 
20  cc.  The  distillate,  after  the  addition  of  one  or  two  drops  of  a  1  per  cent  aqueous 
solution  of  phenol,  is  poured  carefully  on  concentrated  sulphuric  acid  in  a  large  test 
tube.  The  presence  of  even  a  trac«  of  formaldehyde  is  indicated  by  the  formation  of 
a  crimson  color  at  the  plane  of  union  of  the  two  liquids,  while,  if  the  preservative  be 
present  in  greater  quantity,  a  white  turbidity,  or  even  a  light-colored  precipitate,  is 
formed  above  the  red  ring. 

Recommendations. 

The  referee  would  recommend — 

(1)  That  the  report  be  referred  to  a  committee,  to  be  appointed,  who  shall  examine 
it  in  detail,  paying  special  attention  to  the  standards  which  are  given,  and  report 
in  time  to  have  the  methods  printed  in  the  forthcoming  bulletin. 

(2)  That  the  referees  for  the  ensuing  year  pay  some  attention  to  the  determina- 
tion of  stareh  in  spices.  Where  they  are  adulterated  by  starch  products,  it  has  been 
found  powible,  even  by  direct  conversion  with  hydrochloric  acid,  to  detect  such 
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adalterations.  It  ib  probable  that  the  use  of  a  modem  method  would  afford  a  mach 
better  criterion. 

Also  that  the  referees  for  next  year  pay  further  attention  to  Htandards  not  cov- 
ered by  the  referees  of  this  year  and  to  methods  for  the  examination  of  some  sub- 
stances not  taken  up  by  the  present  referee. 

(3)  That  the  title  of  the  referee  be  changed  to  '*  Referee  on  food  adulterants." 

THUBSDAY— APTEBHOOH  SESSION. 

Galled  to  order  by  the  president  at  2.15  p.  m. 

The  chair  called  for  the  report  of  the  committee  on  abstracts,  which 
were  read  by  the  chairman  of  the  committee,  Mr.  Allen. 

EEPOET  OF  OOMMTTTEE  OU  ABSTEAOTS. 

Mr.  PreMdent  and  Members  of  Ike  Aaaocintion, 

GfsNTLEMKX :  Your  committee  has  the  honor  to  report  that  its  work  during  the 
past  year  has  been  conducted  on  the  same  general  plan  as  in  the  previous  year. 
After  ascertaining  the  journals  accessible  to  each  member  of  the  committee,  an 
assignment  of  work  was  made  which  was  intended  to  be  as  nearly  equitable  as  the 
circumstances  would  })ermit.  The  list  of  journals  for  which  the  different  members 
of  the  committee  have  been  responsible  the  past  year  is  as  follows : 

E,  W,  Allen:  Jour.  f.  Landw.;  Landw.  Vers.  Stat. ;  abstract  part  of  Chem.  Centbl., 

Analyst;  Chem.  Ztg.,  Jour.  Chem.  Soc,  Ztschr.  analyt.  Chem.,  and  Ztechr.  angew. 

Chem. ;  and  experiment  station  publications. 
J,  T.  Anderson:  Chem.  Ztg. ;  Jour.  Lend.  Chem.  Soc. 
W.  I),  Bigelow:  Boll.  Assn.  Beige  des  chim. ;  Forsch.  Uber  Lebensmtl.;  Rev.  intern. 

Falsif. ;  Ztschr.  physikal.  Chem. 
B,  H.  Hiie:  Ann,  chim.  etphys. ;  Monit.  Scientif. ;  Rev.' chim.  analyt. 
B.  W.  Kilgore:  Analyst;  Chem.  News;  Ztschr.  aralyt.  Chem. 
W.  H,  Krug:  Papers  on  sugar  published  in  the  German  language. 

F,  W.  Morse:  Jour.  Amer.  Chem.  Soc. ;  Ztschr.  anorgan.  Chem. ;  Ztschr.  angew  Chem. 
ff,  J.  Patterson:  Amer.  Chem.  Jour.;  Boston  Jour.  Chem.;  Jour.  Soc.  Chem.  Ind. ; 

Science  News. 
F.  W.  Woll:  Milch  Ztg. ;  Ztschr.  Nahr.  Untersuch.  und  Hyg. ;  Ztschr.  physiol.  Chem. 

The  publication  of  the  abstracts  began  in  Experiment  Station  Record,  volume  8, 
No.  4,  and  has  continued  quite  regularly  through  the  year  up  to  volume  9,  No.  3, 
which  is  now  in  press.  The  printed  work  of  the  committee  has  occupied  about 
70  pages.  Besides  the  articles  which  have  been  abstracted  at  considerable  length, 
a  large  number  of  papers  have  been  uoted  briefly  or  by  title  merely.  In  most  lines 
it  is  believed  that  the  field  has  been  covered  in  a  general  way  and  the  work  is  well 
up  to  date. 

As  iu  the  previous  year,  the  work  of  the  abstract  committee  has  been  supplemented 
by  Mr.  W.  H.  Beal,  of  the  Office  of  Experiment  Stations,  to  whom  acknowledgment 
is  here  made. 

E.  W.  Allen, 

J.  T.  Anderson, 
W.  D.  Bigelow, 
B.  H.  HiTE, 

B.  W.  KlLGORK, 

W.  H.  Krug, 

F.  W.  Morse, 

H.  J.  Patterson, 
F.  W.  Woll, 

Committee. 
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Upon  motion  the  rei>ort  was  accepted. 

The  cbair  called  for  tbe  report  of  the  committee  on  volumetric  stand- 
surds,  which  was  read  by  Mr.  Kilgore. 

KEPOET  OF  COMMITTEE  OU  STAHDAEDS  FOE  VOLTJMETEIO  APPAEATUS, 
STAHDAED  TEMPEEATTTEES  FOE  SPEOIEIO^EAVITY  BETEBMIHAnOlirS, 

Era 

In  view  of  the  numeroas  methods  in  use  by  the  manafacturers  of  chemical  glass- 
ware, for  the  calibration  and  graduation  of  volumetric  apparatus,  it  seems  proper 
that  this  association,  in  collaboration  with  tho  other  scientific  bodies  of  this  and 
other  conntries,  tiike  up  the  work  of  bringing  abont  uniformity  in  the  apparatus 
offered  for  sale  by  dealers  and  in  obtaining  legislation,  if  necessary,  to  insure  tho 
marking  of  all  measuring  vessels  and  instruments  in  a  manner  that  will  clearly 
indicate  the  system  of  graduation  used,  in  tho  case  of  each  individual  piece  of 
apparatus. 

This  subject  has  been  .carefully  studied  in  Europe  for  several  years,  and  several 
rei>ort8  have  been  made  by  German  chemical  societies  and  by  committees  of  the 
international  congresses  of  applied  chemistry  which  have  been  held  in  Brussels  and 
Paris  during  recent  years.  The  imperial  bureau  of  weights  and  measures  of  Ger- 
many has  taken  up  the  matter,  and  has  minutely  defined  the  conditions  under  which 
it  works,  in  testing  apparatus  submitted  for  that  purpose.  A  scale  of  fees  has 
already  been  established  for  the  testing  of  apparatus  and  the  placing  of  the  official 
stamp  thereon.  A  committee  is  to  report  on  this  subject  to  the  next  Congress  of 
Applied  Chemistry,  to  be  held  in  Vienna  next  year. 

We  therefore  make  the  following  recommendations : 

(1)  That  this  association  adopt,  at  the  earliest  moment  practicable,  a  definite  sys- 
tem for  the  graduation  of  all  chemical  measuring  instruments,  including  accurate 
definitions  of  the  basis  of  graduation,  form,  and  limits  of  accuracy  of  each  class  of 
apparatus. 

(2)  That  an  invariable  standard  nnit  of  volume  be  adopted.  For  this  standard 
we  recommend  the  true  liter  (the  volume  occupied  by  1,(X)0  grams  water  at  4^  C, 
weighed  in  vacuum)  and  the  decimal  divisions  thereof,  which  have  already  been 
adopted  by  the  International  Congress  of  Applied  Cliemistry  held  in  Paris  in  1896. 
This  is  the  only  invariable  and  truly  scientific  unit  of  volume. 

(3)  That  the  members  of  this  association,  whenever  they  make  purchases  of  labo- 
ratory supplies  in  the  future,  insist  u}>on  having  apparatus  graduat^il  upon  this 
system ;  also  that  members  of  the  association  having  college  duties  use  this  system, 
whenever  possible,  in  their  class  work. 

(4)  That  the  members  of  this  association  observe  tho  temperature  of  their  labora- 
tories during  working  hours,  in  order  to  arrive  at  the  bi*st  t^vtiiperature  for  the 
calibration  of  volumetric  apparatus  for  use  in  their  own  laboratories  and  for  general 
use  in  this  country. 

(5)  That  a  committee  be  appointed  to  take  steps  to  secure  the  cooperation  of  other 
scieDtific  bodies  in  this  work. 

(6)  That  there  be  printed  in  the  proceedings  of  this  association  translations  of 
the  requirements  for  measuring  instruments  adopted  by  the  Deutsche  Gesellschaft 
fiir  angewaiidt4;  Chemie  in  1891  and  published  by  the  German  bureau  of  weights 
and  measures  in  1893.' 

(7)  That  the  results  of  all  determinations  of  specific  gravity,  whenever  practi- 
cable, be  expressed  in  terms  of  water  at  4^  C. — that  is,  that  the  specific  gravity  of 
the  substance  be  regarded  as  the  weight  in  grams  of  1  true  cubic  centimeter  of  the 
substance,  at  the  temperature  at  which  the  determination  is  made. 

B.  W.  KiLGOKE,  Chairman, 

C.  L.  Penny. 

E.    E.   EWKLL. 


^For  this  translation,  see  Appendix. 
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DiscnssiOH  OF  stahbards. 

Mr.  Patrick  moved  that  the  report  be  accepted  and  adopted. 

Mr.  EiLGOBE.  To  some  members  of  the  association  who  have  not 
thought  a  great  deal  about  it,  this  may  not  seem  an  important  matter. 
But  when  we  consider  the  two  systems  of  volumetric  units  upon  which 
our  glassware  is  graduated  and  the  differences  that  may  arise  when  we 
make  up  solutions  in  apparatus  graduated  on  one  system,  and  use  them 
in  burettes  graduated  on  the  other,  it  is  a  matter  of  the  greatest 
imi>ortance.  There  are  two  systems  in  use,  the  Mohr  liter  and  the  true 
liter.  If  part  of  our  apparatus  be  graduated  upon  the  Mohr  system 
and  part  upon  the  true  liter  we  may  have  trouble.  It  appears  to  the 
committee  that  the  true  liter  is  the  only  invariable  standard,  and  that 
it  would  be  well  for  this  association,  in  conjunction  with  the  other 
scientific  bodies  of  the  country,  to  recognize  this  as  the  true  volume 
and  insist  upon  haviug  all  our  apparatus  graduated  upon  this  system. 
The  main  advantage  claimed  for  the  Mohr  system  is  that  at  17.5<^ 
a  liter  flask  is  placed  upon  the  balance  and  1,000  grams  of  water 
weighed  without  making  any  correction.  It  is,  however,  a  very  simple 
matter  to  make  the  calculation  for  a  correction  that  would  make  it  the 
truth  instead  of  the  estimation  it  is. 

One  other  point  we  desire  to  call  attention  to  is  the  temperature  to 
be  used  in  marking  this  volumetric  apparatus.  Now  we  have  appa- 
ratus marked  on  the  Mohr  system  at  15^  C,  though  his  first  temi)era- 
ture  was  17.5^  G.  There  is  quite  a  little  difference  in  a  liter  flask  grad- 
uated for  water  at  15^  and  17.5°  C. ;  there  is  an  expansion  of  about  0,06 
cc.  It  is  possible,  therefore,  for  large  errors  to  creep  into  the  work  on 
this  account.  We  think  it  is  possible  for  the  members  of  this  associa- 
tion, by  observing  the  temperatures  of  their  laboratories,  to  come  to  a 
uniform  standard  of  temperature  at  which  we  can  have  all  our  api>aratns 
marked.  Seventeen  degrees  is  too  low,  and  21o  or  22^  0.  would  come 
nearer  working  conditions.  By  a  long  system  of  experiments,  I  have 
found,  in  our  laboratory,  that  the  average  temperature  for  the  working 
time  of  the  day  is  21.8o  C.  We  do  not  think  it  wise  to  take  any  action 
in  this  matter  now,  but  leave  it  for  observation  in  the  different  labora- 
tories, and  if  we  can  come  to  some  understanding  as  to  the  tempera- 
ture at  which  we  can  have  our  apparatus  graduated,  it  will  be  a  great 
advantage. 

The  Chair  called  attention  to  the  fact  that  the  pending  motion  was  for 
the  acceptance  and  adoption  of  the  report,  and  questioned  whether  the 
word  <<  approved"  should  not  be  used  instead.  The  matter,  he  be- 
lieved, would  come  up  before  the  International  Congress  of  Chemists 
at  Vienna  shortly,  and  if  this  were  so  it  might  be  well  for  the  asso- 
ciation, without  taking  final  action,  simply  to  approve  the  general 
recommendation,  leaving  the  adoption  to  wait  upon  the  action  of  the 
international  congress,  but  continuing  the  committee  or  appointing 
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another  to  see  that  the  general  reoommeudation  of  the  association  bo 
registered  with  the  Congress  of  Chemists  at  Vienna. 

Mr.  Ku.GOB£.  That  was  the  object  of  the  committee,  not  to  ask  for 
any  definite  action  from  the  association  in  recognizing  any  standard^ 
bat  merely  to  bring  the  matter  before  it  in  a  way  that  would  help  to 
bring  sibout  an  international  standard.  All  we  ask  is  that  the  report 
be  approved  and  accepted  and  the  matter  go  over. 

Mr.  Patrick  thereupon  withdrew  his  motion  and  moved  simply  that 
the  report  of  the  committee  be  accei>ted.    Carried. 

Mr.  Winton  moved  that  the  committee  on  volumetric  standards  be 
eontinoeil  for  another  year,  since  its  work  could  not  be  com)>leted 
before  the  European  committees  reported,  and  before  the  association 
wold  take  final  action  on  the  matter  it  would  be  necessary  to  have  the 
eommittee  report  again  to  the  association.  He  also  moved  that  the 
committee  be  enlarged  from  three  to  five.    Seconded  and  adopted. 

The  chair  later  appointed  Messrs.  Wiley,  of  Washington,  and  Cidd- 
well,  of  Cornell,  the  additional  members  of  this  committee. 

RBCOBnCBSrDATIONS  AS  TO  DAIR7  PRODUCTS. 

Mr.  Bajitlett.  The  first  four  recommendations  of  the  referee  on 
dairy  products  are  approved  by  the  committee.    They  are  as  follows: 

Tbe  coBUpittee  Tecommends — 

(1)  That  the  provisional  method  for  deterniining  casein  in  cow's  milk  be  made 
oiBcial,  inserting  in  line  3  (Circalar  No.  2,  Department  of  Agriculture),  after  ''lidd/' 
tbe  following  words:  ''One  part  of  formaldehyde  to  2,500  parts  of  milk/'  and  in  the 
Arst  lin«  pf  the  seoond  i»araf<raph  substitute  the  word  ' *  preservatives ''  for  *'  mercuric 
Ghlorid." 

(2)  That  the  modified  provisional  method  for  determining  albumin  in  cow's  milk 
be  substituted  as  a  provisional  method  for  the  present  provisional  method,  and  that 
farther  cooperative  work  be  done  on  the  determination  of  albumin. 

(3)  That  the  magnesium  sulphate  method  for  determining  casein  in  cow's  milk  be 
msde  an  official  optional  method. 

(4)  That  under  milk  (a)  (Bulletin  No.  46)  the  phraseology  of  the  first  and  seoond 
sentences  be  changed  to  read  as  follows:  ''Heat  to  constant  weight  from  1  to 2 
grams  of  milk  in  a  tared  flat  dish,  having  a  diameter  of  not  le^n  than  5  centimeters, 
oontainlng  15  to  20  grams  of  pure  dry  8an<l,  or  without  sand,  at  the  temperature  of 
boiling  water." 

DISCUSSION  OF  FOOD  ADULTBRATION. 

Mr.  Babtlbtt.  The  committee  recommends  that  the  report  of  the 
referee  on  food  adulterations  and  standards  of  parity  and  the  whole 
subject  of  food  adalterations,  including  dairy  products,  be  refened  to 
a  committee  of  five,  to  be  appointed  by  the  incoming  president,  such 
eommittee  to  have  subcommittees,  and  to  refer  methods  and  standards 
to  the  next  meeting  of  the  association. 

Mr.  BiQELOW.  I  think  probably  we  might  make  a  little  better  time 
tbao  that  and  get  some  of  the  methods  into  the  next  bulletin.  I  think 
a  eommittee  of  five  would  be  rather  cumbersome;  probably  a  committee 
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of  three  would  act  with  more  facility.  I  would  move  to  amend  the 
recommendation  of  the  committee  and  substitute  for  it  that  a  committee 
of  three  be  appointed  by  the  chair  to  examine  the  methods  and  stand- 
ards reported,  modify  them  as  may  seem  best,  and  have  the  report 
printed  in  the  coming  edition  of  methods  of  analysis. 

Mr.  ScovBLL.  It  was  not  the  intention  of  the  committee  to  exclude 
this  referee's  report  from  the  publication,  but  we  did  not  wish  to  adopt 
any  system  until  this  committee  reported  it.  It  was  the  intention  to 
have  a  committee  appointed  which. would  be  broad  in  its  scope  and 
have  the  whole  subject  of  food,  especially  as  to  standards,  submitted 
to  the  next  convention.  The  report  of  the  referee  will  be  included  in 
the  proceedings. 

Mr.  Van  Sltke.  In  the  adoption  of  standards  for  the  purity  of  food 
stuffs,  I  think  we  ought  to  proceed  with  caution.  If  the  association 
adopt  standards  they  will  be  made  use  of  in  the  courts  of  the  different 
Estates.  If  we  make  a  mistake  we  shall  do  an  injury,  because  our  work 
will  be  referred  to  by  one  side  or  the  other,  and  if  in  the  suggestion  of  a 
standard  we  make  an  error,  then  somebody  will  make  use  of  it  to  our 
injury  as  well  as  to  the  injury  of  the  trade  in  which  that  particular 
product  may  be  found.  My  feeling  is  that  in  the  end  the  best  interests 
of  all  would  be  subserved  by  letting  the  matter  simmer  in  the  hands  of 
a  desirable  committee  for  another  year. 

Mr.  Huston.  There  seems  to  be  a  little  misunderstanding  here.  I 
understand  that  the  referee  on  this  subject  keeps  the  same  relative 
position  that  any  other  referee  does.  He  deals  with  the  technical 
work  relating  to  the  subject  of  foods  and  food  adulterants,  methods  of 
detection,  etc.  i!^ow,  as  I  understand  it,  this  committee  is  to  cover 
more  general  matters  relating  to  the  subject,  including  whatever  action 
may  be  necessary  relative  to  legislation,  and  possibly  the  passing  upon 
standards  for  comparison.  It  seems  to  me  there  is  a  good  field  for 
such  a  committee,  and  that  if  drawn  from  different  sections  of  the 
country  it  can  be  very  valuable  in  this  matter,  for  there  are  widely  vary- 
ing conditions  iu  even  raw  material  that  enters  into  food  products  in 
different  sections  of  the  country.  I  do  not  understand  that  this  com- 
mittee is  to  take  the  ptace  of  the  referee  at  all.  I  think  we  should 
proceed  with  caution,  and  that  a  good,  strong,  conservative  committee 
can  be  of  service. 

Mr.  Wheeleb.  I  think  we  have  had  points  enough  to  show  that 
this  association  should  proceed  slowly  in  the  matter,  and  time  be  given 
for  the  adoption  of  standards  to  which  we  can  adhere  in  the  future. 
For  that  reason  I  hope  the  amendment  will  be  defeated. 

The  amendment  was  lost.  The  Chair  then  put  the  original  motion 
on  the  adoption  of  the  recommendation,  which  was  carried. 

The  president-elect,  Mr.  Winton,  appointed  the  following  gentlemen 
as,  members  of  the  committee,  viz:  H.  W.  Wiley,  chairman;  H.  A. 
Weber,  Columbus,  Ohio;  M.  A.  Scovell,  Lexington,  Ky.;  E.  fl.  Jenkins, 
New  Haven,  Conn.;  William  Frear,  State  College,  Pa. 
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RECOMMENDATIONS  ON  PX7RB  FOOD  AND  SOIL  ANALYSIS. 

Mr.  Babtlett.  (Beferriug  to  the  committee  on  pure-food  legisla- 
tioD.)  The  oojimittee  recomroeuds  that  this  association  approve  the 
recommendations  of  the  committee  on  pure-food  legislation,  approve 
the  bill  as  drawn  by  the  committee,  that  the  committee  be  continued 
and  authorized  to  transmit  the  bill  to  the  proper  committees  of  the 
^National  House  of  Kepresentatives  and  Senate  with  the  indorsement 
of  this  association,  and  urge  speedy  action  along  the  lines  mentioned. 

Adopted,  and  the  committee  continued  with  powers  as  described. 

Mr.  Babtlbtt.  (Referring  to  the  recommendations  of  the  referee 
on  soil  analysis.)  The  committee  recommends  that  his  first  recommen- 
dation, that  the  ammonium  and  calcium  chlorid  methods  be  further 
investigated  next  year,  be  approved. 

Adopted. 

Mr.  Babtlbtt.  (Referring  to  the  recommendation  of  the  referee  on 
soil  analysis,  that  the  one-fifth  normal  HOI  solution  for  determination 
of  available  phosphoric  acid  be  made  an  official  method.)  This  com- 
mittee does  not  recottimend  the  adoption  of  this  as  an  official  method, 
but  that  the  referee  for  next  year  give  it  further  triaL 

Adopted. 

Mr.  Babtlbtt.  (In  regard  to  recommendations  3,  4,  and  5,  of  the 
referee  on  soil  analysis.)  The  committee,  after  a  careful  consideration 
of  the  referee's  paper  and  examination  of  the  methods  printed  in  Bul- 
letin 49,  recommends  that  the  chair  appoint  a  committee  to  carefully 
rewrite  the  methods  of  soil  analysis  for  the  next  issue  of  the  official 
bulletin,  the  committee  to  act  in  conjunction  with  the  secretary. 

Adopted.    Committee  to  be  nominated  by  the  chair  later. 

The  committee  on  recommendations  withdrew  at  this  moment.  The 
regular  order  of  business  was  resumed,  and  pai)ers  and  communica- 
tions upon  adulteration  of  dairy  products  were  called  for.  None  was 
presented. 

Papers  and  oral  communications  on  fermented  and  distilled  liquors 
were  called  for.    None  was  presented. 

Papers  and  oral  communications  on  the  general  subject  of  food 
adulterations,  and  upon  analysis  of  normal  dairy  products  were  called 
for.  None  was  presented,  but  the  following  statement  was  made  by 
Mr.  Patrick: 

Mr.  Patbigk.  I  have  recently  discovered  that  the  official  methods 
do  not  contain  the  Wollny  method  for  the  saponification  of  fats.  It 
seems  to  me  it  should  be  included.  It  is  saponification  under  a  refiux 
condenser.  As  I  think  it  must  have  been  omitted  by  mistake,  I  move 
that  it  be  included  in  our  methods  as  a  provisional  method  for  the  com- 
ing year,  the  recommendation  to  be  referred  to  the  committee  on  rec- 
ommendations. 

Seconded. 

Mr.  LiNDSEY.  Can  anyone  tell  us  why  it  was  omitted  f 
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Mr.  Wiley.  The  present  method  of  operation  was  Bo^gested  and 
used  on  acconnt  of  its  greater  rapidity  and  the  absolute  certainty  of  no 
loss  of  volatile  acids  during  saponification.  I  think  any  of  you  who 
have  worked  with  the  condenser  will  have  noticed  the  odor  of  butyric 
acid  in  the  room  during  the  operation.  Any  process  which  would  stop 
that  entirely  was  thought  to  be  better.  Again,  saponification  under 
pressure  takes  less  time,  and  in  other  respects  was  found  to  be  more 
desirable.  J  should  have  no  objection,  however,  to  allowing  persons 
who  wish  to  use  the  older  method  being  allowed  to  do  so  as  a  provi- 
sional method. 

Mr.  Pat&ick.  While  I  have  no  fault  to  find  with  the  pressm^  method, 
I  believe  that  where  one  chemist  uses  the  pressure  method  half  a  dozen 
use  the  reflux  condenser.  Since  I  have  been  at  this  meeting  I  have 
come  across  two  gentlemen  who  use  the  reflux  condenser.  I  myself 
always  used  it  until  within  the  last  year.  I  should  like  to  hear  an 
expression  from  other  members. 

The  Pbesibekt.  Has  anyone  made  a  specific  comparison  of  the  two 
methods?    If  not,  it  is  a  study  woii;hy  of  attention  at  any  rate. 

Mr.  Wiley.  I  think  for  most  fats  the  reflux  condenser  is  more  sim- 
ple, because  a  special  flask  is  required  for  the  pressure  method.  As 
Mr.  Patrick  says,  for  ordinary  work  perhaps  the  reflux  condenser  is 
more  convenient,  and  for  fats  without  volatile  acids  is  perfectly  safe.  I 
do  not  remember  now  whether  we  ever  made  any  comparisons  at  that 
time  or  not. 

Adopted,  for  reference  to  the  committee  on  recommendations. 

No  communicatipns  were  presented  upon  the  subject  of  fermented 
and  distilled  liquors. 

The  President.  Are  there  any  communications  ux>on  the  subject  of 
analysis  of  food  products!  It  will  be  recalled  that  there  is  no  report 
from  the  referee  on  analysis  of  sugar.  Are  there  any  papers  to  pre- 
sent upon  that  subject? 

Mr.  WiLET.  I  think  the  methods  are  very  satisfactory  and  can  be 
safely  left  without  change.  I  will  say  here  that  the  Treasury  Depart- 
ment has  lately  gone  very  carefully  over  the  methods  of  polarization, 
in  connection  with  the  tariff  on  sugar,  and  there  is  now  in  press  a  pam- 
phlet giving  the  conclusions  of  the  committee  appointed  for  this  purpose 
by  the  Secretary  of  the  Treasury,  consisting  of  myself  as  chairman, 
Mr.  Braid,  of  the  office  of  weights  and  measures  of  the  Coast  and  Geo- 
dellc  Survey,  and  Mr.  Grampton  of  the  Internal  Revenue.  We  have 
gone  very  carefully  over  the  methods  of  polarization,  and  while  there 
have  been  a  few  minor  changes,  they  are  not  of  sufficient  importance 
H.O  warrant  any  changes  at  this  time.  The  Treasury  has  authorized 
the  use  of  the  shadow  instrument,  to  the  exclusion  of  the  old  color 
instrument,  which  was  unsuited  to  persons  who  are  at  all  color-blind. 
Anyone  who  can  see  can  distinguish  a  shadow  from  an  illumination, 
and  that  is  the  chief  advantage  the  shadow  instrument  has  over  the 
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eolor  invtrnmeni.  I  believe  the  members  of  the  association  almost 
universally  use  the  shadow  instrament,  but  those  who  are  not  color- 
blind and  use  the  color  instrumeut  doubtless  can  secure  just  as  accurate 
results  in  i>olarizatiou.  Some  improvements  have  been  made,  and  I 
would  advise  any  of  you  who  are  purchasing  instruments  now  to  get 
the  triple-field  shadow  iustmment  as  distinguished  from  the  old  double 
shadow  instrument. 

An  important  thing  is  that  any  person,  connected  with  official  work 
in  the  United  States,  can  have  his  apparatus  for  polarization  standard- 
ized by  the  office  of  weights  and  measures  of  the  Coast  and  Geodetic 
Survey,  free  of  charge.  I  advise  members  of  this  association  to  corre- 
spond with  that  office,  and  as  they  have  opportunity  have  all  their 
apparatus  standardized  at  that  place. 

Mr.  Huston  moved  that  the  Secretary  of  the  Treasury  be  requested 
to  forward  copies  of  his  bulletin  on  polarization  to  all  members  of  this 
association.    Seconded. 

Mr.  Wiley.  I  think  the  Secretary  of  the  Treasury  will  be  glad  to  do 
so.  If  this  resolution  pass,  I  will  myself  ask  him  to  grant  this  favor, 
and  am  quite  sure  he  will  be  glad  to  do  so. 

The  resolution  was  adopted. 

The  Pbesidbnt.  In  the  absence  of  the  committee  on  recommenda- 
tions, the  next  subject  is  the  report  of  the  referee  on  tanning  materials. 
The  referee  is  unable  to  be  present,  but  the  associate  referee  will 
present  the  report. 

Mr.  Yocum  read  the  following  report: 

BEPOBT  OH  TAinmrB. 

By  John  H.  Yocum,  Aaaoeiate  Brferee, 

Mr.  WestanfeldjBr,  the  referee  for  this  year,  sent  out  samples  of  tanning  extract 
to  various  members  of  the  association.  These  samples  were  accompanied  by  hide 
powder  and  a  circular  letter  outlining  the  method  to  be  pursued.  Unfortunately, 
Mr.  Westenfelder  found  he  could  not  attend  the  meeting  and  turned  the  matter 
over  to  me  as  assistant  referee  to  make  the  report,  etc.  Results  were  returned  by 
five  operators  and  are  of  a  very  satisfactory  nature.  Owing  to  a  misunderstanding, 
last  year's  referee  did  not  present  a  report.  I  made  request  to  him  for  the  data 
then  collected  that  they  might  be  embodied  in  this  report,  but  have  not  received 
them. 

The  method  outlined  in  the  circular  letter  is  as  follows : 

(1)  Weigh  about  20  grams  of  the  sample ;  wash  into  flask  with  hot  water,  add  cold 
water  nearly  to  mark,  cool,  and  make  up  to  1,000  cc ;  shake  thoroughly. 

(2)  Immediately  measure  out  100  co  into  a  weighed  dish  and  evaporate  and  dry  to 
eonstant  weight  at  temperature  of  boiling  water.    Result:  Total  solids. 

(3)  Filter  about  125  co  of  solution  through  a  doubled  folded  filter  (S  <&  S  No.  590, 25 
cm),  returning  filtrate  through  filter  twice.  Evaporate  and  dry  as  before.  Result: 
Soluble  solids. 

(4)  Shake  20  grams  hide  powder  with  250  cc  of  water  for  five  minutes ;  strain 
through  linen.  Repeat  operation  three  times.  Finally  remove  as  much  water  as 
possible  by  squeezing  the  material  in  a  prens.  Transfer  the  pressed  hide  powder  to 
a  oovered  dish  and  weigh.    Weigh  oif  a  portion  approximately  equal  to  one-fourth 
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of  the  whole  and  dry  to  constant  weight.  To  200  co  of  original  solution^  add  the 
remainder  of  the  washed  hide  powder,  and  shake  for  ten  minutes;  add  5  grams  of 
BaSO^  free  from  soluble  salts  and  sliake  for  one  minute;  filter  immediately  through 
a  folded  filter  ( S  &  S  No.  590, 15  cm),  returning  the  lirst  25  cc.  Filtrate  must  be  abso- 
lutely clear ;  if  not,  repeat  filtration  till  so.  Evaporate  100  co  and  dry  as  before. 
The  weight  of  residue  must  be  corrected  for  the  dilution  caused  by  the  water  con- 
tained in  the  hide  powder.  The  shaking  must  be  done  in  some  form  of  mechanical 
shaker.  The  machine  used  by  druggists  and  known  as  the  ''milk  shaker'Ms  rec< 
ommended.    Result:  Noutannins. 

(5)  Shake  10  grams  of  hide  powder  with  200  cc  of  water  for  five  minutes;  filter 
through  linen;  squeeze  out  thoroughly  by  hand ;  collect  hide  powder  and  repeat 
operation  twice  with  the  same  quantity  of  water.  Pass  the  last  filtrate  through 
paper  until  a  perfectly  clear  liquid  is  obtained.  Evaporate  100  co  and  dry  as 
before.  Residue  should  not  amount  to  more  than  10  mg.  The  above  is  test  for 
quality  of  the  hide  powder. 

(6)  Test  a  small  portion  of  the  nontannin  filtrate  with  a  few  drops  of  a  10  per 
cent  solution  of  gelatin  (Nelson's).  Solution  must  remain  unaltered  (not  the  slightest 
turbidity). 

(7)  Test  for  soluble  hide :  Use  a  filtered  solution  (original)  of  the  tunning  naaterial 
instead  of  the  gelatin  solution.    There  mast  be  no  turbidity. 

(6  a)  If  the  above  test  show  the  presence  of  tannin,  repeat  whole  operation  with  25 
grams  of  hide  powder. 

(7  a)  If  above  test  show  the  presence  of  soluble  hide,  repeat  whole  operation  with 
a  perfectly  washed  hide  powder. 

All  dryings  must  be  done  at  the  temperature  of  boiling  water,  viz,  97^  to  99^  C. 

Dishes  should  be  covered  during  drying  and  cooled  in  desiccators. 

One  hundred  cubic  centimeters  of  solution  should  be  taken  in  all  cases  for  evapo- 
rating and  drying. 

Dry  5  grams  of  sample  in  flat-bottom  dish  to  constant  weight  for  moisture. 

The  results  reported  are  shown  in  the  table.  The  maximum  ditt'erence  in  total 
solids  is  1.63  per  cent;  in  soluble  solids,  1.80  per  cent;  in  noutannins,  0.95  per  cent. 

Heretofore  the  major  differences  have  been  in  the  noutannins,  and  the  concordance 
in  this  particular  in  these  results  is  very  encouraging. 

The  soluble  hide  in  the  hide  powder  is  reported  as  follows : 

Gram. 

Westenfelder 0.0050 

Carr 0030 

Haley OOlO 

Krug 0088 

Yocum 0030 

Table  of  results. 


Operator. 


Westenfelder 

Carr 

Haley 

Krug 

Tocom — 

Mean 

Maximum  diiTerenc«  from  mean 


Water. 


Total 
solids. 


Per  cent.    Per  cent. 


57. 74 
59.21 
58. 69 
58.99  I 

58.21  i 


58.57 
.83  , 


42.26 
40.83 
41.31 
41.01 
42.15 


41.51 
.75 


Soluble  I     Non- 
solids,      tnuuins. 


Tannins.     Reds. 


Per  cent. 
41.02 
39.22 
40.63 
40. 32 
39.86 


Per  cent. 
10.52 
16.96 
16.68 
16.95 
17.47 


40.21 


16.92 
.55 


Percent  Percent. 

1.24 

1.61 

.68 

.69 

2.34 


24.50 
22.76 
23.95 
23.37 
22.39 


23.39 
1.21 


1.30 
1.04 


Mr.  Westenfelder  reports  tliat  10  grams  of  hide  powder  gave  less  than  5  mg  of 
soluble  material  under  conditions  of  testing  hide.    He  obtained  19.18  per  cent  non- 
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tannins  by  shaking  200  co  of  the  extract  Bolntion  with  10  grams  of  dry  unwashed 
hide  powder. 

Mr.  Carr  made  report  of  19.18  per  cent  of  nontannins  originally,  bat  later  foand 
npon  going  over  his  results  an  error  in  them,  and  reports  16.96  per  cent  nontannins 
as  the  correct  resnlt. 

He  dried  the  materials  in  vacuo  at  100^  C,  which  no  doubt  makes  his  results  on 
solids  a  trifle  lower  than  the  others. 

Mr.  Haley  obtained  15.75  per  cent  of  nontannins  with  the  use  of  50  grams  wet- 
pressed  official  hide  powder  (equivalent  to  10^  grams  dry) ;  15.85  per  cent  with  50 
grams  of  Wet-pressed  Vienna  hide  powder  (equivalent  to  12  grams  dry),  and  16.24 
per  cent  with  50  grams  wet-pressed  hide  powder  of  his  own  make  (equivalent  to  11^ 
grams  dry). 

Mr.  Kmg  obtained  16.24  per  cent  nontannins  by  the  use  of  an  unofficial  hide  pow- 
der that  gave  0.0065  gram  of  soluble  material. 

I  obtained  17.76  per  cent  nontannins  from  an  unofficial  hide  powder. 

These  results  sbow  that,  in  the  hands  of  operators  accnstouied  to  the  work,  the 
nontannins  can  be  obtained  in  better  accord  than  can  the  results  from  simple  drying 
of  viscous  solutions,  such  as  the  extract  itself  is. 

it  ia  generally  recognized  that  the  tannin  determination  is  not  one  of  a  single 
substance,  but  rather  of  a  group  having  much  the  same  characteristics,  and  that 
besides  the  chemical  union  of  tannin  and  hide  there  also  occurs  an  occlusion  by  the 
hide  of  the  other  soluble  materials  in  the  extract.  This  precludes  the  possibility  of 
obtaining  anything  like  the  exact  concordance  that  is  obtained  by  purely  chemical 
methods. 

The  nontannins,  obtained  by  the  various  operators  using  the  official  and  other  hide 
powders  on  the  official  extract,  show  the  variations  possible  with  hide  powders^ 
answering  their  individual  requirements,  and  emphasize  the  necessity  of  some 
standard  in  this  respect. 

The  diflerences  in  the  results  obtained  on  water  and  total  solids  are  due  to  the 
same  general  causes  that  occasion  differing  results  in  the  drying  of  other  organic 
solids,  and  can  be  regulated  to  a  great  extent  by  uniformity  of  time  and  temperature 
of  drying. 

Because  of  the  oxidation  and  decomposition  undergone  by  organic  matter  when 
dried  in  the  air  it  is  impossible  to  obtain  Unal  results  that  represent  the  true  per- 
centage of  water,  yet  most  chemists  making  tannin  determinations  have  not  the 
facilities  for  drying  in  hydrogen  or  in  vacuo,  and  it  is  as  yet  an  open  question  if  such 
treatment  would  prevent  decomposition  in  tanning  solutions;  consequently  it  does 
not  seem  proper  to  saggest  changes  in  this  direction. 

By  specifying  the  length  of  time,  temperature,  and  size  of  dish  a  better  agree- 
ment may  be  obtained  next  year. 

The  soluble  solids  are  influenced  by  the  temperature  of  the  solution  when  Altered. 
Inasmuch  as  the  temperature  of  the  laboratory  seldom  varies  outside  the  limits  of 
16^  to  20^  C,  this  has  little  influence.  The  filter  paper  causes  differences,  but  S  &  S 
No.  590  15  cm  seems  to  give  results  of  a  satisfactory  nature. 

There  seems  to  be  more  cause  for  difl'erence  in  the  temperature  of  the  solution  at 
the  time  the  extract  is  dissolved  than  from  either  of  the  above  causes.  A  solution 
ma<le  by  dissolving  20  grams  of  extract  in  1,000  cc  of  water  at  16"^  C.  stood  four 
hoars,  and  Altered  through  doubled  folded  15  cm  S  &  S  No.  590  paper  gave  39.09 
per  cent  of  soluble  solids.  The  same  solution  standing  eighteen  hours  gave  39.24  per 
cent  soluble  solids.  Evidently  the  reds  that  are  flrst  thrown  down  by  contact  with 
cold  water  are  to  a  limited  extent  redissolved  on  standing.  By  dissolving  the  extract 
at  80°  C.  and  letting  stand  four  hours  40.05  per  cent  soluble  solids  were  obtained,  and 
by  letting  stand  eighteen  hours,  40.07  per  cent.  By  dissolving  at  25^  C.  and  letting 
stand  four  hours  39.75  per  cent  soluble  solids  were  obtained,  and  by  letting  stand 
eighteen  hours  39.62  per  cent.  By  filtering  with  kaolin  the  solution  made  at  16^  C. 
gave  37.54  per  cent,  that  made  at  25^  C.  gave  37.65  per  cent,  and  that  made  at  80^ 
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gave  38.55  per  cent  solable  solidB.  The  nontanDins  were  not  inflnenced  by  any  of 
the  methods  of  disBolviDg,  nor  were  they  less  from  the  kaolin  filtrates. 

Though  the  results  upon  nontannins  from  this  year's  work  are  in  fair  accord|  the 
variations  due  to  the  use  of  other  than  the  official  hide  powder  are  wide.  The  lowest 
result  is  from  Mr.  Haley — 15.75  per  cent — and  the  highest  my  own — 17.76  per  cent. 

The  value  of  a  standard  hide  powder  or  a  means  of  knowing  the  efficiency  of  a 
given  hide  powder,  is  great.  Six  hide  powders  wore  tested  according  to  the  two 
tests  given  in  last  year's  published  method  (Bull.  49,  p.  118),  the  soluble-hide  test 
and  the  gallo-tanuin  test. 

Results  of  the  year's  work  are  given  in  the  following  tables : 

Table  I. — Analysis  of  hide  powders. 


Sample. 


No.l 
No.  2 
No.  3 
No.  4 
No.  5 
No.  6 


HoiB- 
tare. 

Fat. 

Percent. 

Per  cent. 

13.00 

12.40 

0.49 

18.00 

.39 

12.30 

1.07 

14.00 

.94 

12.00 

.65 

Ash. 

Al^, 

and 

Fe,0,. 

CaO. 

HgO. 

Per  cent. 

Percent. 

Per  cent. 

Percent. 

0.50 

2.66 

0.25 

2.61 

0.04 

.45 

.10 

.19 

.02 

.17 

.08 

.07 

.01 

.48 

.10 

.11 

.01 

.73 

.15 

.18 

.02 

Table  II. — Comparison  of  washing  tests  on  various  hide  powders. 


Sample. 


No.l, 
No.  2. 
No.  3 
No.  4 
No.  5 
No.  6. 


Quantity 

of  air-dry 

hide. 

100  cc, 

tirHt 

washing. 

100  oc, 

second 

washing. 

100  CO, 

third 

washing. 

Grams. 

Orams. 

Orame. 

Orama. 

20 

0.0634 

0. 0134 

0.0093 

20 

.1719 

.0375 

,0165 

20 

.2192 

.0525 

.0196 

20 

.0720 

.0172 

.0154 

20 

.2256 

.0415 

.0098 

20 

.1172 

.0254 

.0110 

Table  III. — Comparison  of  gallotannin  test  on  various  hide  powders. 


Sample. 


Weight 
of  air- 
dry 
hide. 


No.l. 
No.  2, 
No.  3 
No.  4 
No.  5 
No.  6 


Grams. 
20 
20 
20 
20 
20 
20 


hide 


uT5l  i  "i^^ 


Dilu- 
tion 
correc- 
tion. 


Weight'    Cor- 
I  of  the  '  rected 
uontan-  nontan- 
nins.  I   nins. 


Tannin 

«h- 
sorbcd. 


Grams. 
27.70 
33.70 
37.10 
32.20 
37.40 
47.30 


Peret. 

Grams. 

Grams. 

Peret. 

44.40 

12.30 

1.077 

0.0069 

1.38 

27.00 

9.10 

1.123 

.0320 

6.42 

28.00 

10.39 

1.134 

.0247 

4.96 

35.00 

11.27 

1.105 

.0120 

2.41' 

31.50 

11.78 

1.128 

.0157 

3.13 

22.90 

10.83 

L182 

.0468 

9.40 

Peret. 
98.62 
93.58 
95.04 
97.59 
96.87 
90.60 


In  Table  I  is  given  the  analysis  of  these  hide  powders,  and  in  Table  II  the  result 
of  washing  according  to  the  method;  in  Table  III  the  results  of  the  gallotannin 
tests. 
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Hide  No.  2  would  be  j  edged  poorly  prepared  from  its  high  ash,  and  is  ontside  the 
limits  designated  by  the  method  for  soluble  hide.  Hide  powders  Nos.  2  and  6  are 
outside  the  limits  designated  by  the  gaUotanniu  test. 

Hide  No.  1  is  this  year's  official  hide  powder.  I  did  not  have  enough  of  it  to  carry 
on  the  full  comparison.  This  left  Nos.  3,  A,  and  5  as  satisfactory  hide  powders. 
These  |iowders  were  used  to  make  comparative  determinations  on  an  extract  with 
the  following  result: 


Nos.  3, 4,  and  5,  which  have  satisfied  the  rociuirements,  give  fairly  concordant  results 
on  the  extract. 

A  further  test  was  made  by  shaking  for  ten  minutes  5  graiils  of  air-dry  hide  powder 
with  200  cc  of  water^  containing  5.^8  grams  of  gallotanniu. 

Gallotannin  per  gram  of  hide  powder. 


SAinple. 


No.  2,  hide  powder  removed 
Tifo,  3,  hide  powder  removed 
No.  4,  hide  powder  removed 
No.  5,  hide  powder  removed. 
No.  0,  hide  powder  removed. 


Gram. 

0.0M3 
.2393 
.3632 
.6280 
.1448 


These  hide  powders,  when  completely  tanned,  do  not  show  any  great  difference 
in  the  amount  of  tannin  absorbed ;  hence  it  is  a  condition  in  the  preparation  of  the 
hide  powder  that  gives  the  more  rapid  absorptiveness. 

These  tests  when  applied  to  hide  powders  enable  the  chemist  to  keep  a  fair  check 
on  various  makes  of  powder,  and  assure  himself  of  the  uniformity  of  a  given  maker's 
product,  but  more  satisfactory  would  be  the  acceptance  of  some  maker's  product  as 
a  standard. 

Tour  referee  would  suggest  that  some  minor  details  of  the  method  be  changed 
and  that  the  hide-powder  tests  be  made  to  conform  with  the  method  relative  to 
washing  the  hide  powder.  With  this  in  view,  I  would  recommend  (fiul.  49,  p.  118) 
the  following  as  the  coming  year's  method : 

RBCOMMENDKD  TANNIN  METHOD. 

I. — Preparation  of  sample. 

Barks,  woods,  leaves,  dry  extracts,  and  similar  tanning  materials  should  be  ground 
to  such  a  degree  of  fineness  that  they  can  be  thoroughly  extracted.  Fluid  extracts 
must  be  heated  to  60^  C,  well  shaken,  and  allowed  to  cool  to  room  temperature. 

II. — Quantity  of  material. 

In  the  ease  of  barks  and  materials  requiring  extraction,  use  such  amount  of  mate- 
rial as  will  give  about  1  gram  of  solids  per  100  cc  of  solution.    In  the  case  of  extracts, 
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weigh  30  grams,  diasolve  in  900  oo  water  at  80^  C,  let  stand  for  twelve  hours,  and 
make  up  extract  to  1,000  oc  with  water. 

lU,—Moi$ture. 

Dry  8  scrams  of  the  sample,  if  it  he  an  extract,  in  a  flat-bottomed  dish  not  less  than 
2i  inches  in  diameter  to  constant  weight ;  if  bark,  etc.,  dry  10  grams. 

lY.— Total  solids. 

Shake  the  solution,  and  without  filtering  immediately  measure  out  100  oc  with  a 
pipette,  evaporate  in  a  weighed  dish,  and  dry  to  constant  weight,  at  the  temperature 
of  boiling  water.  Dishes  should  be  flat  bottomed,  and  not  less  than  2|  inches  in 
diameter. 

y.—SolubU  solids. 

Filter  about  125  oo  of  the  solution  through  a  double-folded  filter  (S.  &  S.,No.  590, 
15  cm),  returning  all  the  filtrate  through  once.  To  prevent  evaporation,  funnels 
should  be  inserted  in  small-necked  flasks  and  covered  with  watch  glasses  during  the 
filtration.    To  determine  total  solids,  evaporate  100  cc  of  filtrate  to  dryness. 

FI. — Nontannins. 

Prepare  20  grams  of  hide  powder  by  shaking  for  five  minutes  with  250  cc  of  water 
and  strainiog  through  linen.  Squeeze  the  magma  thoroughly  by  hand,  repeat  this 
operation  three  times,  finally  remove  as  much  water  as  possible  by  means  of  a  press, 
weigh  the  pressed  hide  and  take  approximately  one-fourth  of  it  for  moisture  deter- 
mination. Weigh  this  fourth  carefully  and  dry  to  constant  weight.  Weigh  the 
remaining  three-fourths  carefully  and  add  them  to  200  co  of  the  original  solution ; 
shake  ten  miuntes,  and  squeeze  the  tanne<l  hide  through  linen.  Collect  this  filtrate, 
add  5  grams  of  kaolin  free  from  soluble  salt^,  stir  well  an<l  filter  through  folded  filter 
(S.  <&  S.  No.  590,  15  cm),  returning  the  first  25  cc.  Evaporate  100  cc  of  the  clear 
filtrate.  The  weight  of  this  residue  must  be  corrected  for  the  dilution  caused  by 
the  water  contained  in  the  pressed  hide  powder.  The  shaking  must  be  doue  in 
some  form  of  mechanical  shaker.  The  simple  machine  used  by  druggists,  and 
known  as  the  milk  shake,  is  recommended. 

VII.— TanmiM. 

The  amount  of  these  is  shown  by  the  difference  between  the  soluble  solids  and  the 
corrected  non tannins. 

Yllh—TesHng  hide  powder. 

A.  Shake  10  grams  of  hide  powder  with  250  cc  of  water  for  five  minutes,  strain 
through  linen,  squeeze  the  magma  thoroughly  by  hand ;  repeat  this  operation  three 
times,  pass  the  last  filtrate  through  paper  (S  and  S,  No.  590, 15  cm)  till  clear,  evapo- 
rate 100  cc,  and  dry.  If  this  residue  amount  to  more  than  10  mg,  the  hide  must  be 
rejected. 

B.  Prepare  a  solution  of  pure  gallo-tannin  by  dissolving  5  grams  in  1,000  cc  of 
water.  Determine  the  total  solids  by  evaporating  100  cc  of  this  solution  and  drying 
to  constant  weight.  Treat  200  cc  of  the  solution  with  hide  powder  exactly  as  de- 
scribed in  paragraph  6.  The  hide  powder  must  absorb  at  least  95  per  cent  of  the 
total  solids  present.  The  gallo-tannin  used  must  be  completely  soluble  in  water, 
alcohol,  acetone,  and  aootic  ether,  and  should  not  contain  more  than  1  per  ceutof 
substances  not  removed  by  digesting  with  excess  of  yellow  mercuric  oxid  on  steam 
bath  for  two  hours. 
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TX.—Tntkig  nonUmnin  filtrate, 

A.  For  tannin. — Tost  a  small  portion  of  the  clear  nontannin  filtrate  with  a  few 
drops  of  a  1  per  cent  solution  of  Nelson's  gelatin.  A  cloudiness  indicates  the  pres- 
ence of  tannin;  in  which  case  repeat  the  process  described  under  6,  using  25  instead 
of  20  grams  of  hide  powder. 

B.  For  soluble  hide. — To  a  small  portion  of  the  dear  nontannin  filtrate  add  a 
few  drops  of  the  filtered  tannin  solution.  A  cloudiness  indicates  the  presence  of 
soluble  hide,  in  which  case  repeat  the  process  described  under  6,  giving  the  hide 
powder  a  more  thorough  washing. 

The  temperature  of  solutions  when  measured  or  filtered  should  not  be  below  16*^ 
C.  or  above  20^  G.  All  drying  should  be  made  in  fiat-bottomed  dishes  of  at  least  2} 
inches  diameter.    8  and  S,  No.  590,  15  cm  filter  paper  should  be  used  on  all  filtrations. 

Mr.  Forbes,  of  Arizona,  presented  the  following  paper: 

PSEFABATIOH  OF  TAMINa  EXTEAOTS  FOB  AKALTSI& 
By  RoBKRT  H.  Forbes. 

While  {perfecting  a  method  for  the  determination  of  tanning  materials  in  canaigre, 
the  writer  was  led  to  make  some  observations  on  the  method  of  extraction,  which 
are  of  general  application. 

Mnch  of  the  inaccuracy  of  the  hide-powder  method,  as  applied  to  barks,  woods, 
leaves,  etc.,  is  without  doubt  due  to  the  manner  of  extraction  laid  down  in  the 
official  methods.  It  is  there  advised  that  the  ground  material  be  digested  over  night 
at  80^  with  500  cc  of  water.  Under  these  circumstances  a  loss  of  tanning  materials 
takes  place,  which  is  due  to  their  slow  recombination  with  the  cellulose,  starch 
(if  present),  and  albuminoids  of  the  material  under  examination. 

Since  the  time  of  digestion,  being  '^  overnight,''  is  not  constant,  and  since  the  con- 
dition and  amount  of  cellulose,  starch,  and  albuminoids  are  variable,  the  amount  of 
error  dne  to  their  slow  recombination  is  very  irregular.  In  order  to  avoid  this 
recombination,  it  is  evidently  necessary  to  deviHe  a  method  by  which  the  dissolved 
tannins  shall  be  removed  as  promptly  as  possible  from  the  extracted  residue. 

Extraction  by  percolation  is  a  simple  and  nearly  perfect  way  to  accomplish  this, 
and  it  is  noticed  on  page  118  of  the  Proceedings  of  the  Association  for  1896  that  it  is 
recommended  by  the  committee  to  extract  barks,  woods,  leaves,  etc.,  in  a  Sohxlet  or 
similar  apparatus,  no  details,  however,  as  to  temperature  and  time  of  extraction 
^iog  given. 

These  considerations  are  of  importance,  inasmuch  as  certain  materials  containing 
difficultly  soluble  matters,  such  as  hemlock  bark,  can  not  be  completely  extracted  at 
lower  temperatures,  while  canaigre,  which  contains  starch,  can  not  be  percolated  at 
above  50^  to  55^  C,  because  of  the  solution  of  starch  with  its  consequent  inaccuracies. 

The  following  work  was  carried  through  with  oak,  hemlock,  and  canaigre  in  order: 
(1)  To  establish  the  fact  of  error  due  to  recombination  of  tannings  with  exhausted 
residnes  when  these  are  left  in  contact  with  the  water  extract.  (2)  To  test  the  per- 
colation method  of  extraction  and  note  the  modifications  bf  temperature  needful  with 
different  materistls. 

The  reabsorptio'n  of  tanning  materials  was  established  in  the  following  way :  A 
Sohxlet  extractor  was  fitted  with  a  100-mesh  brass  wire  gauze  disk  pushed  nearly  to 
the  bottom  of  the  tnbe,  and  a  mat  of  woolly  asbestus  (previously  extracted  with 
HCl)  deposited  on  the  gauze  and  covered  with  fine  asbestus. 

The  extractor  was  then  placed  in  a  sheet-metal  tank  of  sai table  dimensions  and  8 
to  10  inehes  deep,  the  bottom  being  perforated  with  holes  which  receive  the  rubber 
stoppers,  through  which  the  lower  ends  of  the  Sohxlets  project.  I'he  tank  was  then 
filled  with  water  of  the  desired  temperature  and  kept  at  that  temperature  by  a  fiame 
below.    A  weighed  amount  of  finely  ground  material,  5  to  10  to  20  grams,  was 
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floated  into  the  extractor,  which  was  then  fitted  at  the  top  with  a  tightly  fitting 
robber  stopper  carrying  a  250  to  500  cc  drop  funnel.  The  funnel  was  filled  with 
water  and  the  rapidity  of  the  percolation  controlled  by  the  stopcock. 

The  percolates  (500  cc)  were  divided  iuto  two  equal  portions.  One  portion  was 
examined  as  it  stood  for  tannins  and  nontannins,  while  to  the  other,  half  of  the 
extracted  residue  (a  proportionate  part)  was  added,  the  whole  was  digested  over- 
night at  80^  iu  a  closed  flask,  the  liquor  cooled/ filtered,  and  tannins  and  nontan- 
nins  determined  as  before.  The  results  were  corrected  for  dilution  by  the  water 
added  in  the  wet  residue.  For  comparative  results,  a  parallel  analysis  was  made  of 
extracts  by  digesting  the  substance  overnight  at  80^  according  to  the  ofBcial  method. 
The  results  were  as  follows : 

Peroentagea  of  extracts. 


Samples. 


In  oriid- 
nalper- 
oolate. 


I 

Twenty  grams  oak  bark  percolated  to  500  co  in  | 
four  hours  at  80°  C. :  I 

Tannins 10.99 

Kontannins j         6.10 

Ten  grams  hemlock  bark  percolated  to  500  oc  in  ' 
five  hoars  at  80°  C. : 

Tannins •..,        13.74 

Nontannins 3.94 

Fiye  grams  of  caiiaigre  percolated  to  500  cc  in  ' 
eight  hours  at  50°  C. :  I 

Tannins 41.27 

Nontannins I        13.03 


In  perco- 
late redi- 

gested 
with  ex- 

tnurted 
residue. 


9.98 
5.30 


11.80 
4.63 


>25.02 
13.66 


Differ- 
ence due 

to  ab- 
sorption 
oftan- 

nins. 


1.01 


1.94 


16.26 


In  ex- 
tract ob- 
tained by 

offloUl 
method. 


9.68 
4.78 


11.12 
4.18 


84.70 
12.86 


Advan- 
tageof 
percola- 
tion oyer 
official 
method. 


1.31 


2.62 


«6.57 


'This  canaigre  residue  was  digested  with  its  liquor  at  room  temperature. 
•In  this  cast)  the  ground  material  was  in  contact  with  the  liquor  only  two  to  three  hours,  at 
temperature. 

The  results  in  columns  1  and  2  all  show  a  reabsorption  of  tanning  materials  by 
the  extracted  residues,  beiug  greatest  in  the  case  of  canaigre.  The  enormous  loss 
with  this  material  may  be  partly  due  to  the  presence  of  starch,  which  also  repre- 
cipitates  tann  ing  materials.  The  reprecipitation  noted  in  columns  1,  2,  and  3  explains 
the  advantage  of  percolation  over  the  official  digestion  method  of  extraction,  as 
shown  in  columns  4  and  5. 

The  action  of  starch  and  cellulose,  respectively,  in  reprecipitating  the  tanning  mate- 
rials was  observed  by  preparing  a  canaigre  percolate,  dividing  into  three  portions, 
analyzing  portion  1  as  obtained,  redigesting  portion  2  in  the  cold  with  1  gram  of 
shredded  filter  paper,  and  redigesting  portion  3  in  the  cold  with  1  gram  of  bruised 
starch.  Portions  2  and  3  were  filtered,  and  in  both  cases  a  loss  of  tannins  was 
observed. 

Percentages  obtained. 


Samples. 


"So.  1510,  old,  red  canaigre,  percolated  at  50*^  C. : 

Tannins 

Ifontannins 

29^0.1511,  young,  yellow  canaigre,  percolated  at 
50OC.: 

Tannins 

Nontannins 


Tanning 
materiaiH 
in  orig- 
inal per- 
colate. 


After 
digestion 

with 
cellulose. 


40.58 
12.72 


31.08  I 
16.12  I 


Reab 
sorption 

cellttiose. 


36.46 
13.04 

4.12 

28.50 
15.26 

3.48 

After 

digestion 

with 

starch. 


88.  «4 
13.90 


30.24 
16.52 


Reabsorp- 
tion by 
starch. 


1.94 


1.74 
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The  cellalose  shows  a  much  stronger  action  than  starch,  the  reprecipitation  being 
about  twice  as  great. 

This  suggests  the  inaccar acies  introduced  into  analytical  work  by  the  use  of  filter 
papers.  Our  repeated  experiments  show  that  the  first  portions  of  tanning  extracts 
filtered  through  paper  contain  noticeably  less  solids  than  the  latter  portions — ^the 
deficiency  being  found  due  to  loss  of  tanning  materials.  In  order  to  do  away  with 
this  error  I  now  use  an  asbestns  filter  made  by  placing  a  mat  of  prepared  woolly 
asbestus  in  a  porcelain  strainer  funnel,  covering  tbe  mat  with  fine  asbestus,  and  dry< 
iug  the  filter  in  an  oven.  By  the  use  of  this  filter  no  loss  of  tanning  materials  occurs 
and  the  amount  of  total  solids  obtained  is  usually  greater  than  in  the  last  portions 
of  the  same  liquors  filtered  through  paper. 

The  effect  of  temperature  upon  completeness  of  extraction  was  shown  by  percolat- 
ing oak,  hemlock,  and  cauaigre  at  different  temperatures  shown  by  the  table. 

Percentages  obtained. 


Samples. 

Percolated 
at  550  C. 

Percolat«d 
at  80"  C. 

Percolated 

at  steam 

heat. 

Oak  bark: 

Taiin{i>s -  -w r  -, T -,x-- 

9.01 
4.44 

10.99 
5.10 

10.60 

Nontanninff 

6  75 

Hemlock  bark: 

Tanninn -- 

10.73 
3.58 

13.74 
3.94 

15.69 

Nontanninn 

8.22 

Cauaigre,  old  roots: 

Tanninii ..j. 

41.27 
13.03 

41.74 

Non  tannins 

17.84 

.    . 

Canaiere,  young  roots: 

Tannins 

31.67 

30.68 

IN^ontannins r 

16.25 

28.56 



It  is  seen  that  the  extraction  of  oak  bark  is  complete  at  S(P,  while  hemlock,  owing 
probably  to  the  difficultly  soluble  reds,  yields  more  extractives  by  continuous  perco- 
lation at  the  higher  temperature.  The  extraction  of  cauaigre  is  complete  at  50^  to 
55^  C.  It  is,  in  fact,  not  possible  to  make  a  satisfactory  percolation  of  this  mate- 
rial above  this  point,  since  the  starch  then  swells  and  clogs  up  the  Sohxlet  tube. 

The  percolations  of  cauaigre  at  steam  heat,  noted  in  the  table,  were  made  by 
placing  the  material  in  a  thin  layer  on  an  asbestus  mat  in  a  large  continuous  copper 
extractor.  The  increase  in  1510  of  nontannins  from  13.03  per  cent  to  17.84  per  cent, 
and  in  1511  from  16.25  per  cent  to  28.56  per  cent  is  due  to  the  solution  of  starch, 
whose  presence  in  the  extract  causes  turbid  filtrates  and  is  therefore  an  element  of 
inaccuracy. 

The  above  observations  show — 

(1)  That  in  the  extraction  of  barks,  woods,  leaves,  etc.,  a  percolation  method  is 
essential  to  complete  extraction,  owing  vo  the  reabsorption  of  tanning  materials  by 
cellulose,  starch,  albuminoids,  etc. 

(2)  That  the  percolation  method  must  be  modified  to  suit  the  material  under  exam- 
ination. Continuous  extraction  at  steam  heat  will  probably  manage  most  woody 
materials,  but  cauaigre  requires  to  be  percolated  at  50^  to  55^  C,  at  which  point 
extraction  is  complete,  and  we  avoid  the  solution  of  starch,  which  does  not  properly 
belong  with  soluble  uontanning  materials  and  whose  presence  is  a  source  of  inac- 
curacy in  determining  tannins. 

(3)  In  accurate  work  the  use  of  an  asbestus  filter  is  necessary,  the  loss  of  tanning 
materialt  in  the  filter  thus  being  avoided. 
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(4)  The  following  method  of  extraction  for  canaigre  is  recommended:  A  Sohxlet 
extractor  is  litted  inside  with  a  lOO-mesh  brass  gauze  disk  which  is  pushed  nearly  to 
the  bottom  of  the  tube,  and  a  mat  of  woolly  asbestus,  previously  extracted  with  hot 
hydroclilorio  aoid,  is  deposited  on  tlie  gauze.  The  mat  is  then  covered  with  fine 
asbestus;  the  prepared  extractor  is  placed  in  a  sheet-metal  tank  of  suitable  size  and 
8  to  10  inches  deep,  the  bottom  of  which  is  perforated  with  holes  which  receive  the 
rubber  stoppers  tlirongh  which  the  lower  ends  of  the  Sohxlets  project.  The  tank  is 
then  tilled  with  water  at  50^  C,  and  kept  at  that  point  by  a  small  flame.  The 
extractor  is  then  partly  filled  with  water  and  5  grams  of  canaigre  are  floated  into  the 
extractor.  A  ii}j:htly  fitting  rubber  stopper  carrying  a  250  to  500  cc  funnel  is  then 
fitted  to  the  top  of  the  Sohxlet,  the  funnel  is  filled  with  water  and  the  stopcoek 
turned  so  that  the  percolate  will  run  to  500  cc  in  four  hours.  The  percolate  is 
allowed  to  cool,  made  to  the  mark,  shaken,  an  aliquot  taken  for  total  solids,  the 
remainder  filtered  through  an  asbestus  filter  and  soluble  solids  and  tanning  materials 
determined  as  usual. 

(5)  In  conclusion,  it  is  advisable  that  a  more  detaile<l  examination  of  the  perco- 
lation  method,  as  applied  to  difterent  materials,  be  made,  and  the  best  temperature 
for  each  one  determined,  as  it  is  certaiu  that  any  particular  temperature  can  not  be 
fixed  upon  for  all  substances  alike. 

Mr.  Keug.  As  the  hour  is  late,  I  move  that  the  report  be  simply 
given  to  the  committee  on  recommendations  with  power  to  act. 
Adopted,  and  the  report  so  referred. 

RECOMMENDATIONS. 

« 

The  committee  ^n  recommendations  returned  to  the  hall  and  made 
the  following  additional  recommendations: 

We  recommend  the  following  addition  to  the  provisional  method  under  Dairy 
Products : 

The  Wollny  method. — Use  same  amounts  of  alkali  and  alcohol  as  in  previous 
method  (pressure  method)  and  conduct  the  saponification  on  a  steam  or  water  batb, 
the  fla^k  being  connected  with  a  reflux  condenser  not  less  than  one  meter  in  length 
and  kept  well  cooled  during  the  operation.  Saponification  will  usually  be  com- 
pleted within  one-half  hoar. 

Adopted. 

Mr.  Patrick  moved  that  the  referee  for  next  year  be  instructed  to 
test  this  method.    Adopted. 

Mr.  Bartlbtt.  The  committee  recommends  the  adoption  of  Recom- 
mendation No.  1  of  the  referee  on  cattle  foods,  with  the  exception  that 
the  time  of  acid  treatment  be  made  two  and  a  half  hours  instead  of 
two  hours. 

The  committee  further  recommends  that  the  referee  for  next  year 
test  the  following  procedures — "after  the  starch  reaction  has  disap- 
peared, cool  to  550  and  repeat  the  treatment  with  diastase  as  described 
for  thirty  minutes.'' 

Adopted,  as  a  provisional  method. 

Mr.  Bartlett.  The  committee  recommends  the  adoption  of  the 
phloroglucin  process  as  a  provisional  method  for  the  estimation  of  fur- 
furol  in  agricultural  products. 

Adopted. 

Mr.  Bartlbtt.  The  committee  recommends  that  in  the  estimation  of 
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galaetan  the  method  described  on  page  98  of  the  referee's  paper  for 
1897  be  adopted  as  a  provisional  method. 

Adopted. 

Mr.  Baetlett.  Ou  page  62,  Bulletin  46,  under  ^'  c,''  Official  Meth- 
ods, first  line,  that  'Hwo  and  a  half  hours"  be  substituted  for  ^Hhree 
hours." 

Adopted. 

Mr.  Bartlbtt.  The  committee  further  recommends  the  following 
rearrangement  of  the  provisional  methods  for  cattle  foods: 

That  the  provisional  methods  on  page  62  of  the  Official  Methods  be 
rewritten  in  the  followinff  order: 

A  and  B,  same  as  now  printed. 

C,  determination  of  starch  in  commercial  starchee. 

D,  determination  of  starch  in  all  other  substances,  diastase  method. 
£,  determination  of  pentosans  by  the  phlorogucin  method. 

•  F,  determination  of  galactin  by  method  described  in  1897,  referee's  paper,  page  25. 
6,  determination  of  crude  fiber. 

Adopted. 

Mr,  Babtlett.  The  committee  recommends  that  the  names  referee 
and  associate  referee  be  substituted  for  reporter  and  associate  reporter. 

Adopted. 

Mr.  Babtlett.  The  committee  recommends  that  the  name  reporter 
on  fermented  and  distilled  liquors  be  changed  to  referee  on  liquors  and 
food  adulterations. 

Adopted. 

Mr.  Babtlett.  The  committee  recommends  that  the  executive  com- 
mittee, in  addition  to  fixing  the  time  and  place  of  meeting,  be  author- 
ized to  fix  the  order  of  business  and  see  that  it  is  announced  in  the  call 
for  the  meeting. 

Adopted. 

Mr.  Babtlett.  The  committee  recommends  that  upon  the  republica- 
cation  of  the  methods  they  be  all  properly  named,  defined,  and  arranged 
in  groups  in  accordance  therewith. 

Mr.  Wheeleb.  1  was  the  originator  of  that.  In  view  of  the  fact 
that  in  some  States  they  provide  that  our  official  methods  shall  hold 
in  court,  it  seemed  desirable  that  our  methods  should  be  appro- 
priately grouped  together,  the  provisional  as  provisional,  the  optional 
as  optional,  and  these  names  defined,  so  that  all  may  know  what  is 
meant  by  provisional  and  optional. 

Adopted. 

The  Ohair  announced  as  the  committee  on  restatement  of  the 
methods  of  soil  and  ash  analysis  Messrs.  Scovell,  Peter,  and  Wiley. 

RESOLUTIONS. 

The  Chair  called  for  the  report  of  the  committee  on  resolutions. 

Besolredf  That  the  tbaiiks  of  this  association  are  due — 

1.  To  the  aathorities  of  the  Columbian  University,  and  especially  to  President 
Whitman  and  Dean  Manroe,  for  the  use  of  their  lecture  room  for  our  meietiugs,  and 
for  other  coartesieB. 
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2.  To  the  honorable  Secretary  of  Agpricaltare,  for  the  patronage  of  hia  Department 
in  the  pablication  of  the  annual  reports  of  the  association  and  for  the  enconrage- 
ment  given  the  assiociation  by  his  presence  and  generons  expressions  of  good  will. 

3.  To  the  Cosmos  Clnb,  for  its  hospitality  in  extending  to  the  members  of  the 
association  the  privileges  of  the  club. 

4.  To  President  Frear,  for  the  able,  impartial,  and  uniformly  courteous  manner  in 
which  he  has  presided  over  the  deliberations  of  the  association. 

5.  To  Secretary  Wiley,  for  his  efficient  services  and  his  active  and  continued 
interest  in  the  work  of  the  association. 

J.  T.  Andbrsok, 
W.  A.  Withers, 

H.  B.  MCDOKNKLL, 

Committee. 

Adopted. 

Mr.  B.  H.  Atwater  addressed  the  coDvention  briefly  on  the  subject 
of  ammonium  sulphate,  asking  the  members  of  the  association,  as 
American  citizens,  to  give  thiH  substance  its  true  value. 

The  incoming  president,  Mr.  Winton,  read  the  list  of  referees  for  the 
coming  year. 

Some  discussion  arose  as  to  the  time  of  holding  the  meetings,  some 
of  the  Southern  members  desiriug  that  they  be  held  during  the  summer 
vacation.  Mr.  Persons  moved  that  the  association  recommend  to  the 
executive  committee  that  the  meeting  be  held  during  the  summer  vaca- 
tion months.    The  motion  was  duly  seconded,  but  failed  of  adoption. 

The  Chair,  expressing  his  gratiflcation  at  the  amount  of  work  accom- 
plished and  the  consideration  shown  by  the  members  during  the 
meeting,  declared  the  convention  a<^ourned  sine  die. 
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Dairy  products. — Mr.  J.  B.  Weems,  Ames,  Iowa. 
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.    Mr.  F.  W.  WoU,  Madison,  Wis. 
Mr.  L.  H.  Merrill,  Orono,  Me. 
Mr.  B.  H.  Hite,  Morgantown,  W.  Va. 
Mr.  A.  A.  Persons,  Lake  City,  Fla. 
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CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICUL- 
TURAL CHEMISTS. 


(1)  This  association  shall  be  known  as  the  Association  of  Official  Agrionltnral 
Chemists  of  the  United  States.  The  objects  of  the  association  shall  be  (1)  to  secure 
nniformity  and  aocaracy  in  the  methods,  results,  and  modes  of  statements  of  analysis 
of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other  materials  connected  with 
agricultural  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of 
interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Department  of  Agricul- 
ture, or  with  any  State  or  national  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,* shall  alone  be  eligible  to  membership; 
and  one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers.  Any  person  eligible 
to  membership  may  become  a  member  at  any  meeting  of  the  association  by  present- 
ing proper  credentials  and  signing  this  constitution.  All  members  of  the  association 
who  lose  their  right  to  sach  membership  by  retiring  fVom  positions  indicated  as 
requisite  for  membership  shall  be  entitled  to  become  honorary  members,  and  to  have 
all  privileges  of  membership,  save  the  right  to  hold  office  and  vote.  All  analytical 
chemists  and  others  interested  in  the  objects  of  the  association  may  attend  its  meet- 
ings and  take  part  in  its  discussions,  but  shall  not  be  entitled  to  enter  motions  or 
vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president,  and 
a  secretary,  who  shall  also  act  as  treasurer;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mitt-ee.  When  any  officer  ceases  to  be  a  member  by  reason  of  withdrawing  from  a 
department  or  board  whose  members  are  eligible  to  membership,  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee,  to 
continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  president,  at  the  regular  annual  meeting,  a 
referee  and  associate  referee  for  each  of  the  subjects  to  be  considered  by  the  asso- 
ciation. 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same ;  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thereof,  and  recommendations  of  methods  to  be  followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  Che  association,  and  at  such  time  as  shall  be  decided  by  the  executive 
committee,  and  announced  at  least  three  months  before  the  time  of  meeting. 

(7)  No  changes  shall  be  made  in  the  methods  of  fertilizer  analyses,  except  by 
unanimous  consent,  until  an  opportunity  shall  have  been  given  all  official  chemists 
having  charge  of  fertilizer  work  to  test  the  proposed  changes. 
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(8)  Special  meetings  shall  be  called  by  the  executive  committee  when  in  its  Judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report  from  such  com- 
mittee may  be  adopted  by  the  approval  of  two-thirds  of  the  members  present  enti- 
tled to  vote.  . 
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APPENDIX. 


HOTIGILIN  BZaABD  TO  THE  TESTDTa  OF  OHEMIOAL  MEASTTBDra 

FLASKS,  ETO. 

[From  Zeitschrift  f!ir  angewandte  Chemie,  1893,  pp.  557-559.    Translated  for  the  ase 
of  the  committee  by  E.  £.  Ewell.] 

The  Kaiserliche  Normal- Aichnn^-Kommission  published  the  following  directions, 
based  upon  article  18  of  the  regulations  governing  weights  and  measures  (special 
supplement  to  Reich's  Gesetzblattes,  No.  30) : 

I.  Allowable  Measuring  Apparatus. 

1.  For  exclusive  use  for  chemical  volumetric  analysis  of  aqueous  solutions,  glass 
vessels  will  be  admitted  for  testing  as  follows : 

Vessels  with  one  mark  to  bold  a  single  volume. 

(a)  Flasks. 

(b)  Pipettes  with  upper  suction  tube  and  a  lower  delivery  tube. 

Vessels  marked  to  hold  a  certain  definite  volume  and  certain  subdivisions 
thereof, 
(o)  Measuring  glasses  (also  called  measuring  cylinders,  being  measuring 
tubes  having  a  foot). 

(d)  Burettes  (measuring  tubes  without  a  foot,  but  with  a  delivery  tube). 

(e)  Measuring  pipettes  (measuring  tubes  having  a  suction  tube  at  the  upper 

end  and  a  delivery  tube  at  the  lower  end). 

2.  The  capacity  of  a  measuring  vessel  is  to  be  limited  either  by  the  mark  or  the 
lower  opening,  and  its  quantity  is  marked  upon  the  vessel  for  a  temperature  of  the 
vessel  of  15*^  of  the  centigrade  thermometer,  in  the  liter,  fractions  of  a  liter,  or  in 
cubic  centimeters,  in  which  case  the  cubic  centimeter  is  to  be  the  1-1000  part  of  a 
liter. 

3.  Measuring  vessels  may  be  graduated  either  to  hold  (Afesager&the  auf  Eingu98)  a 
given  quantity  to  the  mark,  or  to  deliver  {Mes9gerd(ke  auf  Ausguas)  a  given  quantity. 
Measuring  v.  ssels  provided  with  a  device  for  the  delivery  of  liquids  must  always 
be  graduated  to  deliver  the  volume  of  liquid  for  which  they  are  marked.  Other  ves- 
sels may  be  graduated  to  either  hold  or  to  deliver,  but  for  only  one  of  these  pur- 
poses in  the  case  of  any  single  vessel.  The  volume  of  liquid  is  measured  with  a 
dilivery  apparatus  by  filling  and  emptying,  with  precautions  to  retain  a  uniformly 
nnpreventable  moistening  of  the  walls  of  the  vessel.  This  uniform  moistening  is 
insured  by  observing  the  following  precautions :   • 

{a)  Measuring  vessels  which  are  emptied  by  turning  upside  down  are  held  for  one 
minute  after  emptying  in  an  inclined  position  to  allow  them  to  drain,  when  the  last 
drop  is  wiped  off. 

(d)  In  the  case  of  pipettes  the  liquid  is  allowed  to  flow  out  entirely,  or  to  the 
lower  mark,  according  to  the  method  of  graduation,  while  the  delivery  tube  is  held 
without  motion  in  contact  with  the  sides  of  th^  receiving  vessel.    After  the  free 
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outflow  of  the  liqnid  has  stopped,  or  after  the  lower  mark  hae  heen  reached,  the 
pipette  is  allowed  to  drain  for  one-quarter  of  a  minute. 

(o)  In  the  oaee  of  burettes,  or  measuring  pipettes  (pipettes  graduated  to  deliver 
fractions  of  their  maximum  capacity),  the  desired  quantity  is  drawn  out,  the  last 
drop  is  removed,  and  the  reading  is  taken  after  waiting  two  minutes. 

4.  The  cross  section  of  the  measuring  vessel  must  always  be  circular.  The  space 
occupied  by  the  liquid  to  be  measured,  viewed  in  the  direction  of  its  greatest 
diameter,  should  decrease  in  size  above  and  below,  best  at  the  same  rate.  Where 
the  body  of  the  vessel  has  a  tube  or  cylindrical  portion  sealed  on,  the  body  of  the 
vessel  must  gradually  merge  into  the  cylindrical  portion  without  any  abrut)t  change 
of  direction,  so  that  there  will  be  no  hindrance  to  the  ready  ontAow  of  the  liquid. 

5.  The  mark  shall  be  narrow,  and  both  it  and  the  label  shall  be  plainly  etohed, 
ground,  or  applied  in  some  other  permanent  manner.  It  should  never  be  merely 
painted.  The  mark  should  always  be  upon  a  cylindrical,  regularly  ^ormed,  trans- 
parent part  of  the  vessel.    Coloring  the  mark  is  permitted. 

6.  The  mark  shall  pass  at  least  halfway  around  the  vessel  and  lie  in  the  plane  to 
which  the  axis  of  the  vessel  is  perpendicular. 

7.  In  the  case  of  measuring  vessels  marked  for  subdivisions  of  their  total  capacity, 
these  subdivisions  must  all  be  equal. 

8.  Capacity  of  a  flask  may  be  stated  in  liters  or  cubic  centimeters  (the  mark  being 
liter f  l.f  or  oo),  while  all  other  vessels  may  be  marked  only  cubic  centimeters — ^1.  e., 
with  the  mark  oc.  The  mark  expressing  the  capacity  of  a  vessel  without'  subdivi- 
sions is  placed  on  the  middle  part  of  the  body  of  the  vessel. 

9.  The  numbering  of  the  marks  on  vessels  marked  for  subdivisions  of  their  total 
capacity  is  to  be  placed  at  the  right  end  of  the  lines  denoting  cubic  centimeters  as 
units.  ,These  numbers  must  run  consecutively  only  from  either  the  top  down  or 
only  from  the  bottom  up. 

The  ''cc'^  mark  is  added  to  the  line  bearing  the  largest  number,  whether  it  be  at 
the  beginning  or  at  the  end  of  the  graduation. 

10.  There  must  be  etched  below  the  mark  indicating  the  capacity,  in  the  case  of 
flaftks  and  other  vessels  having  but  one  graduation  mark,  the  expression  -(-  15^  C, 
indicating  the  temperature  at  which  the  capacity  of  the  flask  is  equal  to  the  volume 
indicated  by  its  label.  In  the  cases  of  instruments  graduated  for  fractions  of  their 
total  capacity,  this  mark  (-(-  15'^  C.)  is  etched  at  least  15  mui  above  the  graduation. 
There  must  also  be  placed  at  the  left  of  this  mark  and  at  the  same  height  the  mark 
E,  or  A.,  Eing.  or  Auag.,  or  Eingues  or  Ausgusa,  as  the  case  may  be,  to  indicate 
whether  the  instrument  has  been  graduated  to  hold  or  to  deliver  the  volume  of 
liquid  indicated  by  its  label. 

A  manufacturer's  number,  name,  and  address,  and  a  trade-mark  may  be  placed 
opposite  the  label  mentioned  above  on  the  other  side  of  the  flask.  In  the  case  of 
apparatus  graduated  for  subdivisions  the  manufacturer's  marks  are  to  be  placed  in 
long  lines  at  the  left  of  the  graduation. 

11.  In  the  case  of  all  measuring  vessels  the  reading  shall  be  taken  at  that  point 
of  the  wall  of  the  vessel  where  it  is  cut  by  the  plane  which  is  perpendicular  to  the 
axis  of  the  vessel  and  at  the  same  time  tangent  to  the  meniscus  of  the  liquid  at  ite 
lowest  point. 

12.  Inflow  and  outflow  tubes,  stoppers,  etc.,  must  not  end  in  the  measuring  space 
of  the  vessel  or  extend  therein.  The  limiting  of  the  measuring  space  directly  by 
cocks  is  inadmissible.  Beyond  the  part  actually  occupied  by  the  liquid  to  be  meas- 
ured the  vessel  may  be  provided  with  cocks,  tubes,  expaubions  made  of  irregular 
form,  etc.,  ad  libitum. 

13.  In  the  case  of  measuring  vessels  having  a  delivery  tube  or  point,' the  latter 
should  be  drawn  out  as  thin  as  stability  will  permit,  and  its  termination  should  be 
smooth  and  even.  It  is  permissible  to  constrict  the  orifice  Homewhat.  In  the  case 
of  burettes  of  the  Gay-Lussac  form,  the  delivery  point  should  be  bent  back  toward 
the  delivery  tube,  and  should  be  ground  obliquely  on  the  under  side. 
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II.  Mbasuring  Vessels  Without  Minob  Graduation. 
(Flasks  and  pip6lt«8  graduated  to  deliver  one  maximnm  volume.) 

1.  FlaskB  may  be  made  of  the  following  capacities:  2,  1,  i  (0.5),  i  (0.25),  0.2,  0.1, 
and  0.05  liter;  pipettes,  of  any  desired  capacity  from  1  to  200  cc. 

^.  In  the  case  of  both  forms  of  apparatus  the  part  bearing  the  graduation  mi^k 
mnst  bo  cylindrical  (see  foregoing  1, 5),  of  uniform  section,  and  transparent.  More* 
over,  this  cylindrical  portion  must  pass  over  very  gradually  into  the  expanded  part 
of  the  apparatus. 

3.  In  the*  case  of  pipettes  the  suction  tubes  must  be  at  least  130  mm  long,  and  the 
delivery  tube  at  least  60  mm,  but  not  more  than  300  mm,  long. 

4.  The  graduation  mark  mnst  be  at  least  70  mm  from  the  upper  end  of  the  neok  of 
a  flask,  and  in  tbe  csise  of  a  pipette  at  least  100  mm  from  the  upper  end  and  at  least 
30  mm  from  the  bulb.  The  mark  must  extend  entirely  around  the  neck  of  the  flask 
or  the  suction  tube  of  the  pipette. 

5.  At  the  point  where  the  graduation  mark  is  placed  the  internal  diameter  of  the 
neck  of  the  flask  shall  not  be  less  than  G  mm,  and  shall  not  exceed  the  following 
maximum  figures  given  for  flasks  of  each  of  the  sizes  admitted  for  testing : 


Capacity  of 
flask. 

Maximum 
internal 
1  diameter  of 
1        neck. 

LiUm. 

Mm. 

2 

;           25 

1 

20 

4(0.5) 

20 

i(0.26) 

1           15 

0.2 

32 

0.1 

12 

0.05 

10 

In  the  case  of  pipettes  the  suction  and  delivery  tubes  must  have  an  internal  diam- 
eter of  not  less  than  |  mm  and  not  more  than  6  mm. 

6.  The  bottom  of  the  flask  may  be  slightly  reentrant.  The  circumference  of  the 
bottom  of  the  flask  mnst  form  a  plane  to  which  the  neck  of  the  flask  is  perpendicu- 
lar.   Tbe  flask  mnst  stand  solidly  on  a  horizontal  surface. 

7.  The  lower  limit  of  the  volume  of  a  pipette  may  be  either  the  end  of  the  deliv- 
ery tube  or  a  second  mark  etched  thereon  at  least  30  mm  from  the  end. 

In  the  case  of  pipettes  without  a  cock,  the  delivery  orifice  must  be  of  such  a  size 
that  the  discharge  of  the  pipette,  conformable  to  I,  8,  (&),  lasts: 

12  to  15  seconds  when  the  pipette  is  of  less  than  10  cc  capacity. 

15  to  20  seconds  when  the  capacity  of  the  pipette  is  of  10  co  or  more  but  less 
than  50. 

90  to  30  seeoBcls  when  the  oapaeity  of  the  pipette  is  50  ec  or  more  but  less  than  100. 

30  to  40  seconds  when  the  capacity  of  the  pipette  is  100  co  or  more. 

In  the  case  of  pix>ettes  provided  with  cocks,  the  testing  must  be  made  for  that 
setting  of  the  cook  which  requires  the  following  time  for  emptying  the  pipett« : 

13  to  17  seconds  when  the  capacity  of  the  pipette  is  less  than  10  cc. 

^6  to  20  seconds  when  the  capacity  of  the  pipette  is  10  co  or  more,  but  less  than  50. 
23  to  27  seconds  when  the  capikcity  is  50  co  or  more  but  less  than  100. 
83  to  37  seconds  when  the  capikcity  of  the  pipette  is  100  cc  or  more. 
15663— No.  61 11 
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III,  Measuring  Vessels  with  Minor  Divisions. 

1.  The  total  yolume  of  vessels  gradaated  for  fiubdivisions  thereof  may  have  any 
value  between  1  cc  and  1  liter,  but  for  cylinders  and  burettes  shall  not  be  less  than 
5  CO;  and  for  burettes  and  pipettes  not  more  tban  100  co. 

2.  The  subdivisions  permitted  are  as  follows : 

When  the  total  capacity  of  the  apparatus  is  1  cc  and  up  to  and  including  2  cc,  the 
smallest  subdivision  is  0.01  to  0.02  cc. 

When  the  total  capacity  of  the  apparatus  is  more  than  2  and  up  to  and  including 
5  cc,  the  smallest  subdivision  is  0.05  to  0.02  cc.  , 

•  When  the  total  capacity  of  the  apparatus  is  more  than  5  and  up  to  and  Including 
10  cc,  the  smallest  subdivision  is  0.05  to  0.1  cc. 

When  the  total  capacity  of  the  apparatus  is  more  than  10  and  up  to  and  including 
50  cc,  the  smallest  subdivision  is  0.1  to  0.2  cc. 

When  the  total  capacity  is  more  than  50  and  up  to  and  including  100  cc,  the 
smallest  subdivision  is  0.2,  0.5,  or  1  cc. 

When  the  total  capacity  is  more  than  100  and  up  to  and  including  200  cc,  the 
smallest  subdivision  is  1,  2,  or  5  cc. 

When  the  total  capacity  is  more  than  200  and  up  to  and  including  500  cc,  the 
smallest  subdivisision  is  5  to  10  cc. 

When  the  total  capacity  is  more  than  500  cc,  the  smallest  subdivision  is  10  cc. 

3.  The  measuring  space  may  be  limited  by  lines  below  ae  well  as  above.  In  the 
case  of  pipettes,  the  upper  graduations  must  be  at  least  100  mm  from  the  upper  end 
of  the  apparatus  and  at  least  50  mm  in  other  rases.  The  lower  mark  of  ihe  gradua- 
tion, in  cases  where  the  bottom  of  the  vessel  is  not  the  lower  limit  of  the  graduation, 
must  be  at  least  30  mm  from  the  lower  end  of  the  apparatus  or  from  the  beginning 
of  the  contraction  of  the  body  thereof. 

4.  The  numbering  is  done  as  follows : 

a.  In  case  of  division  into  10, 1,  0.1,  or  0.01  cc,  every  tenth  mark  is  numbered. 

b.  In  case  of  division  into  2, 0. 2  or  0. 02  cc,  every  fifth  line  is  marked. 

c.  In  the  case  of  division  into  5,  0. 5  or  0. 05  cc,  every  second  or  tenth  line  is 
marked. 

The  numbered  lines  must  extend  entirely  around  the  vessel.  Of  the  other  lines, 
the  fifth  ill  the  case  *'a''  and  whenever  only  every  tenth  line  is  numbered,  and  the 
first  line  when  every  second  line  is  numbered,  must  extend  three-fifths  of  the  way 
around  the  vessel,  while  all  other  lines  extend  only  one-half  way  around. 

All  lines  not  passing  entirely  around  the  vessel  must  be  on  transparent  glass;  any 
opaque  strips  for  facilitating  the  reading  of  the  instrument  must  not  be  greater  in 
breadth  than  two-fifths  of  the  circumference  of  the  tube. 

5.  The  distance  between  two  consecutive  division  marks  must  not  be  more  than 
12  mm,  and  for  measuring  cylinders  graduated  for  each  5  cc  or  more,  not  less  than 
2  mm,  while  for  all  other  measuring  vessels  this  distance  must  not  be  less  than  1  mm. 

IV.    Limit  of  Error. 

1.  Measuring  vessels  without  divisions. 

For  fiasks  graduated  for  delivery  the  error  must  not  exceed  the  following  limits: 


CapikcHy. 

AUowftble 
error. 

LUert, 

ce. 

2.0 

1.0 

1.0 

.6 

.5 

.3 

.2 

.2 

.1 

.2 

.05 

.1 
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Forflaaks  graduated  to  hold  the  quantltiea  of  liquid  just  named,  the  allowable 
error  is  one-half  as  great  in  each  case. 

For  pipettes  deliveriug  only  maximum  quantity,  the  allowable  errors  are  as 
follows : 


Capacity  of  pipette.    ,  ^^J,^*^^^  ] 


ec. 
1  to  2 
More  than  2  to  10 
More  than  10  to  30 
More  than  30  to  75 
More  than  75  to  200 


ee. 

0.01 
.02 
.03 
.05 
.1 


2.  Measuring  vessels  with  divisions — burettes  and  pipettes. 


Maxlraam  capacity. 


cc. 
1  to  2 
More  than  2  to  10 
More  than  10  to  30 
More  than  30  to  50 
Mtire  than  50  to  100 


Allowable 
error  on 
max  imam 
capacity. 


ee. 
0.01 
.02 
.08 
.05 
.1 


In  the  case  of  graduated  cylinders  of  the  dimensions  just  given,  the  allowable 
error  is  double  that  for  burettes  and  pipettes  when  the  instnimeBts  are  graduated 
to  hold  a  certain  volume,  but  four  times  &n  great  as  the  errors  allowed  for  burettes 
and  pipettes  when  graduated  for  delivery  or  pouring  out. 

For  larger  measuring  cylinders  graduated  to  hold  definite  volumes,  the  allowable 
errors  are  as  follows : 


Maximum  capacity. 

Allowable 
error. 

ee. 
More  than  100  to  200 
More  than  200  to  500 
More  than  500 

ce. 
0.5 

1 
2 

When  graduated  for  delivery  or  pouring,  the  allowable  errors  are  just  twice  as 
great. 

For  measuring  cylinders  graduated  to  hold  a  definite  volume,  the  maximum  errors 
for  the  volumes  indicated  by  ten  of  the  consecutive  smallest  divisions  must  on  no 
part  of  the  graduation  be  greater  than  as  shown  below ; 
1  cc  when  the  divisions  equal  10  or  5  cc. 
0. 4  cc  when  the  divisions  equal  2  cc. 
0. 2  cc  when  the  divisions  equal  1  and  0.5  cc. 
0. 1  cc  when  the  divisions  equal  0.2  and  0.1  cc. 
In  the  case  of  cylinders  graduated  for  delivery,  double  these  errors  are  allowed. 
In  the  case  of  burettes  and  pipettes  graduated  to  0.01  to  0.2  cc,  the  error  must  not 
be  greater  than  one- third  of  the  smallest  division,  and  not  more  than  one-fourth  of 
the  smallest  division  in  other  cases. 
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V.  Stamping. 

The  official  stamp  is  etched  upon  flasks  immediately  oyer  the  graduation  mark 
and  also  over  the  label.  On  pipettes  graduated  to  deliver  one  maximnm  volume  the 
official  stamp  is  etched  immediately  over  the  upper  mark  and  immediately  under  the 
lower  mark,  when  there  is  one. 

In  the  case  of  other  measuring  vessels  the  official  stamp  is  plflfloed  close  above 
the  upper  mark  and  close  below  the  lower  one;  besides  this,  the  stamp  is  also  placed 
on  the  delivery  tube,  close  to  its  end. 

VI.  Fees  for  Testing. 
The  fees  are  as  follows : 

(a.)  For  testing  and  placing  the  official  stamp  on  measuring  vessels  without 
divisions,  30  pf.  (10.072). 
Measuring  vessels  having  divisions,  80  pf.  ($0,192). 
(ft.)  For  mere  testing,  for  each  complete  volume  or  each  mark  tested,  10  pf. 
($0,024.) 
If  a  vessel  having  divisions  is  tested  for  more  than  5  marks  besides  the  one  indi- 
cating the  total  volume,  each  additional  mark  tested  is  charged  for  at  the  rate  given 
under  b. 

VII.  Place  of  Testing. 

The  testing  and  stamping  of  measuring  vessels  will  be  done  by  the  Normal- 
Aichnngs-Commission  until  further  notice. 

HUBER, 

Kaiaerliche  Xm^ial-Aiohunga-KommistUm . 
Berlin,  July  26,  1S93. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depabtment  of  Aoeicultube, 

Division  op  Chemistry, 
Washington,  D.  C,  January  25 y  1899, 
Sib:  The  bulletin  herewith  presented  as  No.  62  of  the  Division  of 
Chemistry  comprises  the  portion  of  the  report  which  was  prepared  by 
the  Chemist  of  the  Department  for  the  Special  Report  on  the  Beet  Sugar 
Industry  of  the  United  States,  submitted  by  you  to  the  President  of 
the  United  States  and  by  him  transmitted  to  Congress,  and  published 
as  Document  No.  306  of  the  House  of  Representatives  at  the  second 
session  of  the  Fifty-fifth  Congress.  It  is  deemed  advisable  to  secure 
the  i)ub1ication  of  this  part  of  the  report  as  a  bulletin  of  the  Chemical 
Division  in  order  to  preserve  the  continuity  of  the  reports  on  the  sugar 
industry  of  the  United  States  as  bulletins  of  that  division.  In  pre- 
senting this  revised  edition,  advantage  has  been  taken  of  the  opportu- 
nity to  correct  some  slight  errors  which  crept  into  the  first  issue.  No 
changes  have  been  made  in  the  text,  nor  in  the  illustrations  accompany- 
ing it,  from  the  document  mentioned  above. 

H.  W.  Wiley, 
Chief y  J)ivisi(m  of  Chemistry, 
Hon.  James  Wilson, 

Secretary, 
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m\kl  REPORT  ON  THE  BEET-SUGAR  INDUSTRY  IN  THE  UNITED  STATES. 

REPORT  OF  THE  CHEMIST. 

H.  W.  Wiley. 


LETTER  OF  SUBMITTAL. 

U.  S.  Department  of  Agriculture, 
Division  of  Chemistry^ 
W€L8Mngi<m,  D.  C,  March  S,  1898, 
Sir:  I  sabmit  herewith  for  yonr  couaideration  the  manuscript  containing  the  data 
of  recent  investigatiouH  on  the  growth  of  sugar  beets  and  the  manufacture  of  sugar 
therefrom. 

Respectfully,  H.  W.  Wiley," 

Chief  of  Division  of  Chemistry, 
Hon.  Jambs  Wilson, 

Secretary  of  Agriculture, 


PBEFATOBY  NOTE. 

The  investigations  conducted  by  the  Department  of  Agriculture  for 
many  years  in  the  study  of  sugar-producing  phints  and  methods  of 
manafacturing  sugar  in  the  United  States  were  suspended  by  order  of 
Secretary  Morton  in  1893.  In  resuming  the  study  of  this  subject  by 
order  of  Secretary  Wilson,  it  is  important  that  citations  to  the  work 
already  done  be  presented.  The  student  of  the  subject  will  be  able 
from  these  citations  to  have  a  general  idea  of  tbe  scope  of  the  work 
which  has  been  accomplished,  and  will  be  guided  in  further  research  by 
the  data  contained  in  the  brief  resume  which  will  be  appended.  It  is 
not  possible  in  such  a  list  of  citations  to  refer  to  the  work  which  has 
been  done  by  the  agricultural  experiment  stations  nor  by  private  indi- 
vidnals.  A  collection  of  the  titles  of  all  accessible  works  in  English 
relating  to  the  subject  of  the  sugar  beet  has  been  issued  by  the  library 
of  this  Department  as  the  library  bulletin  for  June,  1897,  entitled  Ref- 
erences to  the  Literature  on  the  Sugar  Beet,  Exclusive  of  Works  in 

Foreign  Languages. 
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In  the  r6sam6  of  citations  given  below  are  first  noted  the  publica- 
tions which  have  been  made  in  the  annual  reports  of  the  Department 
of  Agriculture,  and  afterwards  a  list  of  the  special  bulletins  relating 
to  beet  sugar  will  be  found.  Many  important  papers  have  been  pub- 
lished in  the  annual  reports,  which  students  of  the  beet-sugar  industry 
might  wish  to  consult.  It  is  interesting  to  know  that  as  early  as  1867 
Dr.  Antisi'lly  at  that  time  the  Chemist  of  the  Department,  pointed  out 
the  probability  that  an  area  or  belt  suited  to  the  culture  of  the  beet 
might  be  mapped  out.  He  gave  also  some  of  the  probable  data  which 
would  be  used  in  determining  the  limits  of  this  belt.  The  annual 
report  for  1868  contains  a  reference  to  the  fact  that  Henry  Clay  visited 
Europe  and  made  a  study  of  the  beet  sugar  industry  on  the  Continent, 
and  presented  the  results  of  his  studies  in  a  speech  delivered  in  the 
Congress  of  the  United  States.  Careful  search  of  the  records  has  not 
been  able  to  discover  this  report  in  print. 

It  is  to  be  regretted  that  many  of  the  agricultural  reports  are  entirely 
out  of  print,  and  the  same  is  true  of  the  greater  part  of  the  bulletins 
which  have  been  issued  on  the  subject  of  beet  sugar.  It  will  therefore 
not  be  possible  for  the  Superintendent  of  Public  Documents  to  supply 
the  bulletins  which  are  marked  out  of  print  to  those  who  may  desire  to 
secure  them. 

Following  the  resume  of  the  work  already  done  is  given  an  account 
of  the  investigations  conducted  under  the  supervision  of  the  Chemical 
Division  of  this  Department  during  the  year  1897. 

BEFERENCES  IN  ANNUAL  REPORTS  OF  THE  DEPARTMENT  OF  AGRICUL- 
TURE TO  MATTERS  RELATING  TO  THE  SUGAR-BEET  INDUSTRY. 

1862.    536.     Relative  to  the  composition  of  beet  juice. 

1867.    32.     Report  of  Thomas  Antisell^  Chemist,  Department  of  Agricaltnre. 

Dr.  Antisell  indicates  the  following  as  the  probable  '^beet  belt/'  based  on  tempera- 
ture conditions : 

''The  northern  limit  of  the  beet  culture  is  doubtful.  On  the  plains  of  Russia  it  is 
grown  where  the  isocheimal  line  is  10^.  If  this  would  hold  good  on  this  continent, 
there  is  no  portion  of  the  United  States  too  cold  for  its  culture.  This  vast  extent  of 
country  is  naturally  divided  into  two  regions,  viz:  (1)  The  middle  division  of  the 
temperate  zone  of  the  United  States,  lying  between  parallels  39  and  43,  comprising 
Massachusetts,  Rhode  Island,  Connecticut,  New  York,  New  Jersey,  Pennsylvania, 
Ohio,  Indiana,  Illinois,  Iowa,  Nebraska,  southern  Idaho,  with  an  area  of  453,000 
square  miles,  is  favorable  to  beet  culture,  the  moan  annual  temperature  varying 
between  47^  and  53*^  V  j  (2)  the  district  between  parallels  36^  and  39^,  embracing  the 
border  States,  Delaware,  Maryland,  Virginia,  West  Virginia,  Kentucky,  Tennessee, 
Missouri,  with  Kansas,  Colorado,  Utah,  Nevada,  and  northern  California,  possessing 
an  area  of  675,000  square  miles  and  a  mean  annual  temperature  of  58°  to  60^  F".,  is 
also  favorable  to  the  beet;  so  that  a  belt  of  country  7'*  wide  in  latitude  and  with  an 
extent  of  1,129,000  square  miles  is  open  to  this  industrial  art.'' 
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In  expenments  in  beet  cnltnre  on  the  Department  gronnds  the  TnaTimnin  percent- 
age of  sugar  in  the  juice  is  given  for  each  variety : 


Variety. 


White  Sileeian: 

Bed  top 

Green  top 

White  Masdebarff 

Improved  w  bite  imperial 
Beta  Imperialis : 

No.1 

Xo.2 

VilmoHn's  Improved 

Castleiiandry  Yellow 


Knmber 
of  teats. 

Percent 
of  sugar. 

12 
10 
12 
11 

6.97 
7.20 
7.74 
7.34 

12 
12 
12 
12 

6.70 
7.40 
7.40 
8.00 

1867.  48.    Methods  of  sugar  manufacture  in  Europe. 

1868.  158.     Report  of  Theodore  Gennert  to  the  Commissioner  of  Agriculture.    A 
general  article  on  the  statistics  and  mauufacture  of  beet  sugar. 

1868.     164.    Notes  on  the  manufacture  of  beet  sugar  in  Europe. 

In  1867  the  Department  sent  nine  varieties  of  seed  to  Chatsworth,  111.;  for  trial, 
with  the  following  results : 


Polarization. 

No.  1 11.90 

2 10.95 

3 12.59 

4 12.21 

5 11.57 

6 13.52 


No, 


Polarization. 

7 11.98 

8 13.67 

9 13.25 


Average 12.40 


Mention  is  made  in  this  article  that  while  in  Europe  Henry  Clay  took  much  inter- 
est in  the  beet-sugar  industry  and  afterwards,  in  a  speech  in  Congress,  predicted 
great  results  from  the  introduction  of  the  industry  into  the  United  States. 
1869.    334.     A  review  of  the  manufacture  of  sugar  in  Europe. 

345.  A  letter  included  in  the  above  review.  It  reviews  the  manufacture  in 
Europe  nnd  mentions  trials  made  in  the  United  States.  The  first  attempt  to 
produce  beet  sugar  in  this  country,  mentioned  in  this  review,  was  by  .John 
Vaughn  and  .James  Honaldson,  Philadelphia.  Seed  was  imported  and  beets 
were  grown,  but  no  factory  was  built. 

98.  Report  of  the  Chemist  on  Bee^  Sugar.  He  states  that  the  returns  of  the 
growth  of  sugar  beets  in  this  country  have  not  yet  shown  an  approach  to  that 
amount  of  sugar  which  is  yielded  by  the  growth  of  France  and  northern 
Germany.  Beets  grown  at  Chatsworth,  111.,  from  seeds  supplied  by  the 
Department  of  Agriculture  contained  from  9.31  to  11.24  per  cent  of  sugar. 
215.  Progress  of  the  beet  sugar  industry  in  Europe.  A  brief  statistical 
article. 

210.  Largely  historical.  Three  establishments  were  in  operation — Chats- 
worth,  III.,  Alvarado,  Cal.,  Sauk  County,  Wis.  Capacity  of  the  Chatsworth 
factory,  50  tons  of  beets  per  day. 

154.     Report  of  Ryland  T.  Brown,  Chemist,  United  States  Department  of 
Agriculture.     Following  are  some  of  the  chief  points  mentioned : 
The  experiments  of  David  L.  Child,  at  Northampton,  Mass.,  1838,  are  probably  the 
earliest  recorded  in  this  country. 

The  factory  of  Bonestecl  and  Otto,  at  Fond  du  Lac,  Wis.,  1867,  had  a  capacity  of 
10  tons  of  beets  per  day ;  capital,  $12,000. 


1870. 


1870. 


1870. 


1872. 
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Analyses  of  beets  grown  on  the  experimental  farm  of  the  University  of  Virginia, 
1872,  viz: 


Variety. 


Weight. 


Sagarin 
the  juice. 


White  Sileeian  (French  seed) 

Carter's  Prize  l^nrsery  (English  seed). 
VIlmorin'8  Improved  (French  seed)  ... 
White  sugar  beet  (Philadelphia) 


Ounces. 


Percent. 
11.75 
16'  I         13.72 
80i  12.54 

83|  I         10.17 


1872.  451.  April,  1872,  the  legislature  of  New  Jersey  passed  an  aet,  operative  for 
ten  years,  exempting  beet-sugar  factories  from  taxation. 

1873.  108.    A  brief  report  by  the  Statistician. 

The  two  California  factories  produced  an  estimated  total  of  750  tons  of  sugar 
during  1873. 

1873.  287.  Relative  to  the  capacity  and  product  of  the  Alvarado  factory.  Capacity, 
7,000  tons  of  beets  per  annum. 

1875.  512.    A  r^sum<^  of  a  German  report  on  the  composition  of  sugar  beets. 

1876.  153.  Statistics  of  the  production  of  sugar  in  various  countries.  Mention  is 
made  in  this  article  of  a  factory  at  Sequel,  Santa  Cruz  County,  Cal.  The 
State  Agricultural  Society  of  California  reported  in  1874  that  the  production 
of  beet  sugar  in  the  State  amounted  in  1870  to  5(X),000  pounds ;  in  1871  to 
800,000  pounds;  in  1872  to  1,125,000  pounds,  and  in  1873  to  1,500,000  pouuda. 

1876.  266.    Statistics  of  the  yield  of  beet  sugar,  by  countries. 

1877.  243.     A  brief  statement  as  to  soils  suitable  for  beets. 

1877.  579.    German  statistics. 

1878.  117.    Analysis  of  a  sample  of  beet-root  sirup. 

1879.  67.  A  report  on  the  analysis  of  seven  sugar  beets  received  from  various  parts 
of  the  country.  The  percentage  of  sugar  in  the  juice  ranged  fi'om  8.9  to  14.3, 
the  latter  sample  being  from  Oswego,  N.  Y. 

1879.  184.    General  sugar  statistics. 

1880.  9.  Report  of  the  Commissioner  of  Agriculture.  A  report  of  the  condition  of 
the  Maine  Heet  Sugar  Company  and  a-statementof  the  experiments  in  Delaware 
were  ma<le.  Capacity  of  the  Maine  factory,  150  tons  per  day.  In  1877  the  State 
legislature  of  Delaware  appropriated  $300  as  premiums  to  farmers  for  crops  of 
sugar  beets,  and  in  1878  $1,500  were  appropriated  for  the  same  purpose.  Imper- 
fect experiments  were  made  in  1878  by  the  Delaware  Beet  Sugar  Company.  The 
total  crop  amounted  to  350  tons  of  roots,  yielding  an  average  of  9  per  cent  of 
sugar.  A  new  factory  was  built  by  Colwell  Brothers,  of  New  York,  costing 
$30,000,  with  a  capacity  of  60  tons  of  roots  per  day  of  twenty-four  hours.  The 
company  did  not  make  running  ex]>enses,  but  the  experiment  was  encouraging. 

1880.  619.    A  letter  from  E.  H.  Dyer  urging  a  bounty  law. 

1881.  675.  Statistics  of  sugar  production.  Statistics  of  domestic  sugar  are  given 
in  brief.  Beet  sugar  was  made  successfully  for  three  successive  seasons  in 
California  in  one  factory.  The  Maine  factory,  which  was  in  operation  for 
three  seasons,  producing  in  one  year  1,200,0(X)  pounds  and  in  another  1,000,000 
pounds  of  sugar,  was  obliged  to  suspend'operations  for  want  of  beets,  which 
the  farmers  thought  they  could  not  grow  at  the  prices  offered,  namely,  $5  to  $6 
per  ton. 

1884.  22.  Report  of  H.  W.  Wiley  to  the  Commissioner  of  Agriculture  on  the  North- 
ern sugar  industry  in  1883.  This  is  an  abstract  of  data  given  in  Bulletin  No.  3 
of  the  Division  of  Chemistry. 

1884.     529.     Yield  of  beet  sugar  in  Russia. 

1886.  341.  Analyses  of  sugar  beets  grown  in  various  parts  of  the  country.  Most 
of  these  samples  contained  very  little  sugar,  with  one  exception.  This  sample 
contained  18.84  per  cent,  and  was  from  Menominee,  Mich.  The  highest  per- 
centage of  sugar  in  the  other  samples  was  11 .  71 .    Twenty-eight  testa  were  made. 
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1889.    140.    Cnltiyation  of  the  sugar  beet.    Report  of  the  Chemist. 

1880.  167.  Experiments  with  sugar  beets.  Abstract  of  a  report  published  in  full 
in  Bulletin  No.  27  of  the  Division  of  Chemistry. 

1881.  150.  Experiments  with  sugar  beets.  Abstract  of  a  report  published  in  fall 
in  Bulletin  No.  30  of  the  Division  of  Chemistry. 

1891.  156.    Laws  relating  to  taxation  and  bounties  in  various  countries. 

1892.  128.  A  r<^sum<5  of  experiments  with  sugar  beets.  Full  details  of  this  work 
are  published  in  Bulletin  No.  36  of  the  Division  of  Chemistry. 

1892.  467.    Statistics  of  beet-sugar  production  for  the  year  1892 : 

Pounds. 

Utah  Beet  Sugar  Company 1, 473, 500 

Alameda  Sugar  Company 2,506,860 

Western  Beet  Sugar  Company 11,390,9121 

Chino  Valley  Beet  Sugar  Company 7,903,541 

Oxnard  Beet  Sugar  Company 2,110,100 

Norfolk  Beet  Sugar  Company 1,698,400 

Total 27,083,322 

In  1891  these  factories  produced  a  total  of  12,004,838  pounds. 

1893.  175.  Experiments  with  sugar  beets.  This  is  an  abstract  of  a  report  published 
in  full  in  Bulletin  No.  39  of  the  Division  of  Chemistry. 

1883.    184.    Growth  of  beets  at  different  altitudes. 

LIST     OP     BULLETINS     ISSUED     BY     THE     DIVISION     OF     OHEMISTRY 
RELATING  IN  WHOLE  OR  IN  PART  TO  SUGAR  BEETS. 

Bulletin  No.  3,  Division  of  Chemistry,  Department  of  Agriculture.  The  Northern 
Sugar  Industry;  edited  by  H.W.Wiley,  1884;  pp.  118  (out  of  print).  Pages 
24  to  29  of  this  report  relate  to  the  beet  sugar  industry. 

Bulletin  No.  5,  Division  of  Chemistry,  Department  of  Agri culture.  The  Sugar  Indus- 
try of  the  United  States ;"  edited  by  H.  W.  Wiley,  1885;  pp.  224  (out  of  print). 

Part  second  of  this  report,  including  pp.  73  to  136,  inclusive,  12  plates,  relates  to  the 
beet-sugar  industry. 

Bullet  I  n  No.  27,  Division  of  Chemistry,  Department  of  Agriculture.  The  Sugar  Indus- 
try: Culture  of  the  Sugar  Beet,  and  Manufacture  of  Beet  Sugar;  edited  by 
H.  W.  Wiley,  1890;  pp.  262  (out  of  print). 

Bulletin  No.  30,  Division  of  Chemistry,  Department  of  Agriculture.  Experiments 
with  Sugar  Beets  in  1890;  edited  by  IT.  W.  Wiley,  1891;  pp.  93  (out  of  print). 

Bulletin  No.  33,  Division  of  Chemistry,  Depdrtnient  of  Agriculture.  Experiments 
with  Sugar  Beets  in  1891 ;  edited  by  H.  W.  Wiley,  1892 ;  pp.  158  (out  of  print). 

Bullet  in  No.  36,  Division  of  Chemistry,  Department  of  Agriculture.  Experiments 
with  Sugar  Beets  in  1892;  edited  by  H.  W,  Wiley,  1893;  pp.  74  (out  of  print). 

Bulletin  No.  39,  Division  of  Chemistry,  Department  of  Agriculture.  Experiments 
with  Sugar  Beets  in  1893;  by  Harvey  W.  Wiley,  with  the  collaboration  of 
Walter  Maxwell,  1894;  pp.  59. 

HISCKLI^NBOUS  BULLETINS  AND  REPORT. 

Special  Report  No.  28,  United  States  Department  of  Agriculture.  Report  on  the 
Culture  of  the  Sugar  Beet  and  the  Manufacture  of  Sugar  Therefrom,  in  France 
and  the  United  States;  by  Wm.  McMurtrie,  1880;  pp.  294  (out  of  print). 

Farmers'  Bulletin  No.  3,  United  States  Department  of  Agriculture.  Culture  of  the 
Sugar  Beet;  by  H.  W.  Wiley,  1891;  pp.  24  (out  of  print). 

Farmers'  Bulletin  No.  52,  United  States  Department  of  Agriculture.  The  Sugar 
Beet:  Culture,  Seed  Development,  Manufacture,  and  Statistics;  by  H.  W. 
Wiley,  1897  J  pp.  48. 
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PLAN  OF  THE  INVESTIGATIONS  FOR  1897. 

On  the  nth  day  of  January,  1897,  the  following  letter  was  addressed 
to  the  Secretary  of  Agricnlture: 

Sir:  Nomerons  inquiries  for  sugar-beet  seed  have  come  to  this  division  instead  of 
to  the  seed  division,  and  I  am  unuble  to  give  any  dofiuite  answer  to  our  correspond- 
ents in  respect  of  the  policy  of  the  Department  regarding  the  dintribution  of  the 
seeds  in  question.  I  would  be  glad  to  know  if  it  would  be  possible  for  the  Depart- 
ment of  Agriculture  to  provide  a  few  thousand  packages  of  high-grade  beet  seed 
which  could  be  distribdted  to  inquiring  farmers.  There  is  a  widespread  interest  in 
this  country  in  the  sugar-beet  industry,  and  it  appears  to  me  that  a  part  of  the 
money  voted  by  Congress  for  the  distribution  of  seeds  could  be  very  profitably  used 
in  supplyin;^  experimenters  with  the  best  quality  of  sugar-beet  seed.  Farmers  can 
not  be  certain  in  buying  beet  seeds  from  dealers  that  they  are  getting  anything 
more  than  the  ordinary  quality  of  garden  seeds.  The  guaranty  of  the  Department, 
however,  that  they  are  securing  high-grade  sugar-beet  seeds  would  be  of  great 
advantage. 

I  am  now  engaged  in  a  revision  of  Farmers'  Bulletin  No.  3,  to  be  used  in  supplying 
the  information  whicli  is  so  largely  asked  for  respecting  the  culture  of  the  sugar 
beet  and  the  manufacture  of  sugar  therefrom.  It  would  be  of  interest  to  make  a 
statement  in  this  bulletin  in  regard  to  the  possibility  of  securing  the  seeds  from  the 
Department.  An  early  reply  to  this  inquiry  will  be  appreciated. 
I  am,  respectfully, 

H.  W.  WiLBY,  Chief  of  DivUion. 

The  honorable  the  Secretary  of  Agriculture. 

In  reply  to  this  retiuest,  in  the  following  letter  the  information  was 
conveyed  that  no  funds  were  available  for  the  purchase  of  beet  seeds : 

United  States  Department  of  Agriculture, 

Office  of  the  Assistant  Secretary, 

Washington,  D.  C,  January  13,  1897, 
Dear  Sir  :  The  Secretary  has  handed  me  your  letter  of  the  11th  instant,  calling  his 
attention  to  the  advisability  of  distributing  some  sugar-beet  seed  in  connection  with 
the  present  Congressional  seed  distribution. 

If  this  matter  had  been  mentioned  in  time  it  would  have  been  possible  to  purchase 
a  supply  of  beet  seed.  As  it  is  now,  however,  the  whole  a])propriatiou  for  the  pur- 
chase of  seed  is  exhausted.  There  is  not  a  dollar  left  with  which  sugar-beet  seed 
could  be  purchased.  If  you  will  bring  the  matter  up  early  next  June  it  will  be 
possible  to  include, sugar-beet  seed  in  the  distribution  of  the  following  year. 
Very  truly,  yours, 

Cha6.  W.  Dabney,  Jr.,  Aaaittant  Secretary, 
Dr.  H.  W.  WiLKY,  ChemiBt. 

All  further  attempts  to  reestablish  the  investigations  looking  to  the 
introduction  of  the  sugar-beet  industry  in  the  United  States,  which 
had  been  suspended  during  four  years,  were  therefore  deferred  to  await 
the  action  of  the  new  Administration. 

Immediately  after  Secretary  Wilson  assumed  the  duties  of  his  office, 
arrangements  were  made  for  a  renewal  of  the  investigations,  bat  that 
date  was  entirely  too  late  to  purchase  seeds  directly  from  the  growers 
in  Europe;  therefore  arrangements  were  made  with  the  Oxnard  Beet 
Sugar  Company,  which  kindly  offered  to  donate  the  quantity  of  seed 
required  for  the  purpose.    As  rapidly  as  possible  the  seeds  were  sent 
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to  different  parties  in  the  United  States  interested  in  the  subject, 
special  attention  being  given  to  distributing  the  seed  in  those  localities 
where  the  theoretical  conditions  for  the  production  of  sugar  were  the 
best.  Packages  were  sent  directly  to  the  addresses  of  parties  in  dif- 
ferent parts  of  the  country,  and  large  quantities  of  seed  were  distrib- 
uted through  the  media  of  agricultural  experiment  stations,  boards  of 
trade,  business  men's  associations,  and  others  interested  particularly 
in  the  culture.  It  is  impossible,  therefore,  to  determine  the  number  of 
persons  who  were  actively  engaged  in  the  work  during  the  year. 

Jn  so  far  as  possible  the  cooperation  of  the  agricultural  experiment 
stations  was  secured,  it  being  deemed  advisable  to  conduct  the  experi- 
ments in  each  State  under  the  direct  auspices  of  the  State  authorities. 
It  was  only  when  such  cooperation  could  not  be  secured  or  where 
preference  was  shown  for  direct  communication  with  the  Department 
of  Agriculture,  and  in  miscellaneous  cases,  that  the  experiments  were 
conducted  directly  under  the  auspices  of  the  Department.  Copies  of 
Farmers'  Bulletin  !N"o.  52,  containing  directions  for  planting  and  culti- 
vating the  crop,  were  sent  to  every  person  directly  interested  in  the 
ex]>eriments,  as  well  as  to  many  others. 

The  promiscuous  method  of  investigation  which  has  been  practiced 
during  this  and  preceding  years  is  faulty  and  unsatisfactory.  In  former 
reports  the  objections  to  such  investigations  have  been  outlined.  In 
Bulletin  No.  27  of  this  division  (on  pages  6,  7,  and  8)  is  found  a  number 
of  statements  relating  to  the  general  conduct  of  experimental  work, 
which  are  still  pertinent.  Inasmuch  as  this  bulletin  is  out  of  print,  it 
will  be  found  of  interest  to  repeat  these  statements  here : 

It  must  be  nnderstood  that  the  object  of  this  balletlD  is  not  to  give  a  complete 
treatibe  upon  the  culrure  of  the  sugar  beet  and  the  manufacture  of  sugar  therefrom, 
but  simply  to  indicate,  for  the  information  of  those  interested,  the  general  principles 
of  this  industry.  One  especial  object  which  will  be  kept  in  view  i8  to  prevent  those 
intending  to  engage  in  this  industry  from  going  wrong  in  the  beginning  and  squan- 
dering their  money  and  time  in  battling  with  problems  which  science  has  already 
met  and  overcome.  It  is  further  hoped  that  the  careful  study  of  the  data  presented 
will  prevent  any  mistakes  from  being  made  which  would  end  in  financial  disaster 
and  which  are  so  apt  to  attend  the  early  history  of  every  industry. 

There  will  probably  be  found  for  many  years  to  come  in  the  United  States  more 
enthusiasm  than  knowledge  connected  with  the  sugar  beet,  and  the  result  of  this 
will  be,  unless  great  care  is  taken,  that  many  ventures  will  be  made  which  may 
rcflult  in  financial  disaster,  disaster  which  could  have  been  avoided  by  a  thorough 
comprehension  of  the  fundamental  principles  of  tlie  industry. 

In  so  far  as  the  manufacture  of  sugar  from  the  matured  beet  is  concerned,  we  are 
able  to  start  at  the  present  time  with  the  accumulated  knowledge  and  experience  of 
three-quarters  of  a  century  of  investigation.  So  perfect  have  the  processes  of  mann< 
factnre  become  that  nearly  all  of  the  sugar  which  is  stored  in  the  beet  can  be 
secured  in  merchantable  form  and  by  comparatively  inexpensive  methods.  By  the 
term  inexpensive,  however,  it  must  be  understood  th  it  the  actual  processes  of  manu- 
facture are  denoted  and  not  the  cost  of  the  machinery.  The  various  processes  for 
the  extraction  of  the  sugar  from  the  beet,  the  best  methods  of  clarifying  the  juice 
and  of  evaporating  it  and  for  separating  the  sugar  from  the  molasses,  are  thoroughly 
H.  Doc.  396 2 
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well  nnderatood  and  are  no  longer  legitimate  subjects  for  public  experiment.  The 
groat  problem  in  this  countxy  is  the  agricultural  one.  The  selection  of  suitable  soil, 
the  finding  of  the  proper  climatic  conditions,  and  instruction  in  the  method  of  plant- 
ing, cultivating,  and  harvesting  the  beets,  are  all  matters  of  vital  importance.  With- 
out a  careful  study  of  these  subjects,  and  without  the  proper  knowledge  thereof,  it 
is  a  hopeless  task  to  attempt  to  introduce  successfully  the  beet-sugar  industry  into 
this  country. 

One  of  the' great  dangers  to  be  avoided  is  the  formation  of  hasty  conclusions  in 
regard  to  the  proper  localities  for  the  production  of  the  sugar  beet.  Often  without 
any  study  whatever  of  the  climatic  conditions  or  of  the  character  of  the  soil,  efforts 
are  made  to  build  large  and  expensive  factories,  which  as  often  have  to  be  abandoned 
on  account  of  having  been  wrongly  located.  The  studies  which  have  been  m{ule 
heretofore  in  regard  to  climatic  conditions  have  been  of  such  a  nature  as  to  locate, 
in  a  general  way,  the  areas  in  the  United  States  suitable  for  the  culture  of  the 
sugar  beet. 

It  has  been  found  in  general  that  the  coast  valleys  of  California,  and  probably 
large  areas  in  Oregon  and  Washington,  certain  parts  of  the  Dakotas  and  Nebraska, 
localities  in  Minnesota,  Iowa,  Wisconsin,  and  Michigan,  parts  of  northern  Illinois, 
Indiana,  Ohio,  and  New  York  present  favorable  conditions  for  sngar-beet  culture; 
but  in  the  regions  thus  broadly  intimated  there  are  certain  restricted  areas  most 
suitable  to  the  sugar  beet,  and  it  is  only  tliese  restricted  areas  to  which  we  must 
look  for  success.  The  fact  that  in  one  locality,  for  instance  in  Nebraska,  good  sugar 
beets  can  be  produced  would  be  no  warrant  whatever  for  assuming  that  all  parU  of 
that  State  were  equally'  suitable  for  this  purpose,  and  this  remark  may  be  applied 
to  every  one  of  the  States  mentioned  above. 

Sugar  beets  have  also  been  raised  in  other  sections  in  the  United  States,  notably 
in  New  England,  New  Jersey,  Delaware,  and  Kansas,  and  while  there  may  be  areas 
in  the  New  England  States  where  beets  can  bo  successfully  grown,  it  must  be 
admitted  that  the  States  last  named  stand  in  the  second  rank  of  beet-sugar  produc- 
ing localities.  In  Kansas,  during  the  last  year,  as  will  be  shown  in  the  body  of  this 
report,  sugar  beets  were  grown  and  a  considerable  quantity  of  sugar  manufactured 
therefrom.  This,  however,  does  not  show  that  Kansas  will  be  able  to  compete  with 
more  favorable  States  in  the  production  of  beet  sugar. 

In  general,  it  may  be  said  that  the  summers  in  Kansas  are  too  hot  to  expect  the 
production  of  a  sugar  beet  uniform  in  its  nature  and  containing  a  high  percentage  of 
sugar. 

If  the  sugar-beet  industry  is  to  succeed  in  this  country,  the  success  must  come 
from  sharp  competition  with  the  same  industry  in  older  countries,  where  its  condi- 
tions are  better  understood  and  where  the  localities  suited  to  it  have  been  selected 
by  long  and  oft«n  costly  experience.  It  must  also  compete  with  the  sugar-oane 
industry,  both  of  this  country  and  of  tropical  countries,  and  for  this  reason  we  can 
only  expect  it  to  survive  in  those  regions  where  soil  and  climatic  conditions,  prox- 
imity to  fuel,  cheapness  of  labor,  and  other  favorable  environments  are  found. 

It  is  to  be  hoi)ed  that  the  mistakes  which  have  so  long  threatened  the  sorghuui- 
sugar  industry  with  destruction  may  be  avoided  with  the  sugar  beet.  Calm  judg- 
ment and  sober  reason  must  not  give  way  to  enthusiasm  and  extravagant  expecta- 
tions. All  conditions  of  success  must  be  carefully  studied,  all  the  difficulties  in  the 
way  of  success  must  be  intimately  investigated  and  surmounted,  and  ample  capital, 
coupled  with  judicious  perseverance,  must  be  enlisted  in  its  behalf. 

For  the  proper  erection  and  completion  of  a  beet-sugar  factory  not  less  than  twelve 
months  should  be  allowed,  and  even  in  this  time  it  can  only  be  properly  accomplished 
under  experienced  technical  control. 
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In  Bulletin  Ko.  30  (on  page  7)  the  following  observations  are  found: 

Only  in  a  f8w  instances  were  the  directions  of  the  Department  followed  out  to  the 
letter.  In  most  cases  the  planting  and  cultivation  of  the  beet  seed  were  conducted 
according  to  such  methods  as  the  agriculturist  might  hit  upon  at  the  time.  From 
the  information  gathered  it  was  found  that  the  chief  variation  from  the  instructions 
was  in  the  preparation  of  the  soil.  In  very  few  cases  was  a  subsoil  plow  used  and 
most  of  the  beets  which  were  sent  to  the  Department  were  evidently  grown  in  soil 
of  insufficient  depth.  In  some  cases,  where  the  exact  directions  for  cultivation  were 
carried  out,  tho  character  of  the  beets  received  showed  by  contrast  with  the  others 
the  absolute  necessity  of  employing  the  best  methods  of  agriculture  for  their  pro- 
duction. 

In  Bulletin  Fo.  33  (on  page  9)  the  following  statement  is  made: 

One  of  the  most  striking  features  in  regard  to  this  method  of  conducting  experi- 
mental work  is  found  in  the  fact  that  it  is  almost  impossible  to  secure  compliance  with 
directions.  It  is  evident,  at  once,  that  the  value  of  experimental  work  depends  upon 
tho  care  with  which  it  is  done  and  the  accuracy  with  which  the  directions  prescribed 
are  followed.  It  is  n''»t  to  be  wondered  at  that  farmers,  busy  with  their  other  occu- 
pations, failed  to  comply  with  the  minute  directions  necessary  to  secure  the  greatest 
advantage  in  experimental  work. 

Very  few  of  the  blanks  were  returned  properly  filled  out.  In  many  cases  the  data 
which  were  returned  were  palpably  erroneous.  In  one  instance  a  yield  of  99  tons  per 
acre  was  reported,  and  in  a  great  many  cases  the  reported  yield  per  acre  was  so  great 
as  to  show  inaccuracy  on  the  part  of  tho  measurement  of  the  land  or  the  weighing  of 
the  beets.  In  makin**:  out  returns  for  such  reported  phenomenal  yields  the  theoretical 
quantity  of  sugar  per  acre  given  was  always  questioned.  We  are  accustomed  to  look 
with  suspicion  upon  any  yield  of  sugar  beets  which  exceeds  25  tons  per  acre.  While 
it  is  not  impossible  to  secure  a  hi  jrhcr  yield  than  this,  and  of  beets  of  good  saccharine 
qnality,  yet  it  is  so  rare  as  to  throw  doubt  upon  miscellaneous  data  showing  an 
excess  of  that  yield. 

Another  point,  which  makes  the  returns  obtained  less  valuable,  is  found  in  the  fact 
of  the  length  of  time  which  necessarily  elapsed  between  the  harvesting  of  the  beets 
and  their  reception  at  the  laboratory.  Nearly  all  the  samples  received  wore  from 
distant  States,  requiring  for  packages  of  this  kiud  from  three  to  eight  days  in  the 
mails.  Although  the  beets  were  in  most  cases  well  wrapped,  according  to  directions, 
our  experiments  have  shown  that  they  must  havelost  a  considerable  quantity  of  mois- 
ture by  evaporation  during  their  long  transit.  The  data,  therefore,  showing  the  con- 
tent of  sugar  in  the  juice  would  bo  uniformly  too  high  for  normal  beets.  It  is  estimated 
that  not  less  than  10  per  cent  should  be  subtracted  from  the  number  for  sugar  to 
express  the  normal  percentage  of  sugar  in  the  beets  as  originally  harvested. 

In  Bulletin  No.  36  (on  page  28)  the  ideas  outlined  above  are  some- 
what expanded  in  the  following  words: 

Before  proceeding  to  discuss  the  data  in  the  preceding  tables,  attention  should  be 
called  to  the  fact  that  in  previous  reports  of  this  kind  some  dissatisfaction  has  been 
expressed  in  some  States  on  account  of  the  poor  showing  of  the  samples  therefrom. 
In  former  reports  attention  has  been  particularly  called  to  the  probability  that  the 
data  obtained  by  this  method  of  experimentation  are  not  wholly  reliable  and  in  all 
cases  do  not  truly  represent  the  capabilities  of  any  locality  for  beet-sugar  production. 
It  is  true  that  a  large  number  of  data  received  from  a  given  State  will  indicate,  in  a 
general  way,  whether  or  not  that  State  is  capable  of  producing  a  good  sugar  beet, 
but  where  the  number  of  data  is  limited,  it  may  be  that  the  agricultural  conditions 
under  which  the  samples  were  produced  were  so  poor,  or  the  season  so  exceptional, 
M  to  prevent  a  fair  judgment  of  the  capabilities  of  the  soil  and  climate.    On  the 
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other  hand,  the  culture  which  the  samples  received  may  have  been  so  carefhl  and 
the  seasonal  conditions  so  favorable  as  to  produce  a  beet  far  above  the  average 
which  could  be  produced  in  the  whole  State. 

Again,  the  loss  of  moisture  daring  transportation,  or  the  failure  of  the  farmers  to 
send  their  beets  in  as  soon  as  harvested,  may  tend  to  reduce  the  amount  of  water 
present  in  the  beet  and  to  raise  correspondingly  the  quautity  of  sugar  therein.  Inas- 
much as  the  analyses  are  made  on  the  expressed  juice,  this  would  tend  to  show 
always  an  increased  amount  of  sugar  over  that  present  naturally  in  the  beets. 

All  those  disturbing  influences  must  be  taken  into  consideration  in  judging  the 
data  which  have  been  recorded.  This  has  been  said  in  general  explanation  so  as  to 
forestall  any  criticisms  which  may  be  made  of  the  value  of  the  data  obtained. 

To  illustrate  more  particularly  what  is  meant,  attention  is  called  to  the  instance, 
say,  of  Colorado  and  Montana.  From  the  State  of  Colorado  one  hundred  and  twenty- 
three  samples  were  received  for  analysis,  and  from  the  State  of  Montana  only  one 
sample.  Any  comparison,  therefore,  between  the  average  results  of  the  two  States 
would  be  simply  absurd.  While  one  hundred  and  twenty-three  samples  from  Colo- 
rado, showing,  as  they  do,  fine  possibilities  of  sugar-beet  culture,  indicate  that  the 
State  of  Colorado  is  capable  of  producing  beets  of  high  quality,  the  single  sample 
from  Montana,  whether  it  proved  exceptionally  poor  or  exceptionally^  fine,  could 
have  been  no  criterion  by  which  the  capabilities  of  the  State  for  beet  sugar  oonld  be 
Judged. 

In  connection  with  the  tentative  results  which  have  been  obtained  by  this  kind  of 
work  should  be  considered  the  characteristics  of  the  soil  and  climate  of  each  locality, 
and  by  putting  the  two  together  a  fairly  good  idea  can  be  formed  of  the  possibilities 
of  beet-sugar  production.  The  reader  should  carefully  bear  the  above  explanation 
in  mind,  both  in  looking  over  the  data  in  the  tables  and  in  reading  the  remarks 
thereon  which  follow. 

In  Bulletin  No.  39  (on  page  8)  in  commenting  on  the  results  of  the 
y-ear's  work,  the  following  statements  are  made: 

The  general  results  of  the  work  this  year  are  somewhat  discouraging  as  com- 
pared with  previous  years.  Throughout  a  great  part  of  the  beet-growing  region  the 
summer  was  excessively  dry,  and  large  numbers  of  total  failures  were  reported. 

In  former  reports  attention  has  been  called  to  the  fact  that  the  present  method  of 
experiment  is  unsatisfactory,  and  the  reasons  therefor  have  been  fully  set  forth. 
The  farmers  are  so  busy  with  other  work  that,  as  a  rule,  they  are  not  able  to  give 
careful  attention  to  the  experimental  details.  They  do  not  have  the  time  to  suitably 
prepare  the  soil  for  beet  culture,  nor  do  they  give  the  growing  bei-t  proper  attention. 
When  the  time  for  harvesting  comes  they  are  usually  engaged  in  other  farm  work, 
BO  that  the  beet«  are  not  harvested  at  the  right  time,  nor  are  data  obtained  by 
means  of  which  any  accurate  estimate  of  the  yield  per  acre  can  be  determined. 
The  analytical  data,  therefore,  of  such  work  are  usually  fragmentary  and  far  from 
teaching  any  definite  lesson  iu  regard  to  the  industry  itself.  In  general,  however, 
the  data  bear  out  those  of  previous  years  in  showing  the  areas  iu  this  country  where 
the  best  beets  can  be  grown.  It  is  iu  these  regions  that  the  development  of  the 
industry  must  be  expected. 

There  is  probably  not  a  State  or  Territory  in  the  Union  which  is  not  capable  of 
growing  a  fair  article  of  sugar  beets.  Even  in  the  far  South  beets  of  fair  sugar  con- 
tent have  been  produced,  and  with  good  tonnage;  but  when  the  competition  of  the 
world  is  to  be  met,  with  the  i)rice  of  sugar  as  low  as  it  is  now,  only  those  parts  of 
the  country  where  the  soil  and  climate  are  especially  favorable  can  be  expected  to 
compete  successfully  with  the  beet-sugar  industry  already  firmly  established  in  older 
countries.  The  sole  valuable  lesson,  therefore,  of  the  promiscuous  distribution  of 
beet  seed  is  in  the  fact  that,  as  a  rule,  those  regions  best  suited  to  the  growth  of  the 
sugar  beet  will  gradually  be  outlined,  and  intending  investors  led  to  the  proper 
looalities  for  the  eatablishment  of  factories. 
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The  great  saccess  of  the  beet-sngar  industry  on  the  Pacific  coast  leads  to  the  con- 
clusion that  if  the  northern  part  of  the  eastern  and  central  portions  of  our  country 
is  to  become  the  seat  of  a  great  sugar  industry,  every  possible  advantage  must  be 
taken  of  soil  and  location;  in  order  to  compete  successfully  with  the  beet  fields  of 
California,  Washington,  and  Oregon. 

The  experience  of  the  past  season,  as  will  be  seen  from  the  data  in 
the  following  pages,  has  served  only  to  give  additional  point  to  the 
observations  made  in  previous  bulletins. 

The  sugar-beet  industry  in  this  country  has  now  reached  a  point 
where  it  is  incumbent  upon  the  National  Government  to  secure  a  com- 
plete and  accurate  agricultural  survey  of  the  country  in  respect  of 
growing  beets.  The  competition  in  sugar  making  is  now  so  keen  that 
only  those  localities  where  natural  conditions  are  best  will,  in  the  end, 
be  found  sustaining  the  industry.  If  we  depend  upon  costly  experi- 
ment to  delimit  these  localities,  hundreds  of  thousands  of  dollars  will 
be  wasted  in  the  attempt.  At  a  comparatively  small  expense,  the 
Department  of  Agriculture  will  be  able  to  have  made  careful  and 
accurate  surveys,  based  upon  experimental  data,  to  point  out  the  regions 
where  the  sugar  industry  is  most  likely  to  succeed.  This,  however, 
can  not  be  done  by  tlie  promiscuous  kind  of  experimentation  which  the 
Department  has  been  compelled  heretofore  to  x)ursue.  Up  to  this  time 
a  sufficient  scientific  interest  in  the  matter  has  not  been  aroused  among 
the  peo])le  to  secure  the  kind  of  a  survey  which  is  necessary.  Now, 
however,  the  conditions  have  changed.  The  agricultural  experiment 
stations  in  most  of  the  States  are  thoroughly  aroused  in  this  matter. 
They  are  willing,  with  the  cooperation  of  the  Department,  to  undertake 
an  agricultural  survey  of  their  respective  localities.  In  addition  to 
this,  intelligent  men,  either  in' their  capacity  of  private  citizens  or  as 
representatives  of  boards  of  trade,  or  of  business  men's  associations, 
are  ready  to  supervise,  in  limited  districts,  series  of  experiments 
which  will  give  satisfactory  answers  to  the  questions  which  must  be 
answered  before  the  sugar-beet  industry  is  fully  established.  It  will 
therefore  be  the  object  of  the  Department  in  subsequent  work,  espe- 
cially that  of  1898,  to  secure  in  each  locality  interested  in  the  matter,  a 
few  carefully  conducted  experiments.  To  this  end  it  is  urged  that  the 
experiment  stations  in  the  various  States  arrange  with  25,  60,  100,  or 
more  representative  farmers,  who  can  be  relied  upon  to  do  good  work, 
to  grow  plats  of  beets  in  size  of  not  less  than  half  an  acre. 

CLIMATOLOGY. 

It  is  evident  that  one  of  the  first  things  to  be  considered,  after  the 
soil  itself,  in  connection  with  the  sugar  beet  industry  is  the  climate. 
The  sugar  beet  is  a  plant  very  susceptible  to  climatic  conditions.  At 
the  beginning  of  its  growth  the  beet  plant  is  peculiarly  helpless.  It 
can  not  lift,  in  passing  from  the  germ  to  the  new  plant,  the  lightest 
clod.  A  rain  which  packs  the  surface  of  the  soil  immediately  after 
germination  will  sometimes  prevent  the  plant  from  reaching  the  light. 
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After  the  plant  is  eatablished  it  requires  a  considerable  quantity  of 
water  for  its  proper  growth;  this  water  must  be  supplied  either  by  the 
rainfall  of  the  locality,  by  irrigation,  or  by  the  subsoil.  High  tempera- 
tures extending  over  long  periods  of  time  are  peculiarly  injurious  to  the 
storing  of  sugar  in  the  tuber.  While  high  temperatures  may  not  dimin- 
ish the  tonnage  yielded  by  a  field,  nor  apparently  produce  any  injuri- 
ous effects,  in  so  far  as  the  external  appearance  of  the  mature  plant  is 
concerned,  it  will  be  found,  as  a  rule,  that  plants  grown  under  such  condi- 
tions of  temperature  are  less  rich  in  sugar  than  others  grown  in  a  milder 
climate.  Since  the  production  of  sugar  in  the  leaf  of  a  plant  is  a  joint 
function  of  the  chlorophyll  cells  and  sunlight,  it  is  found  that  the  high 
northern  latitudes,  where  the  summer  days  are  exceptionally  long  and 
the  nights  correspondingly  short,  tend  to  produce,  other  conditions 
being  the  same,  a  beet  rich  in  sugar.  The  climatic  conditions  of  this 
country  are  so  different  from  those  of  Europe  as  to  render  of  little  value 
the  general  conclusions  which  experience  has  drawn  from  the  effect  of 
climate,  in  the  beet-sugar  producing  countries  of  Europe,  on  the  sugar 
content  of  the  beet  itself.  Nevertheless,  it  is  seen  that  in  Europe  the 
great  centers  of  the  beet-sugar  industry  are  in  regions  far  to  the  north, 
in  fact,  so  far  north  as  to  make  it  impracticable  ever  to  expect,  in  this 
country,  to  establish  the  centers  of  the  industry  on  the  same  parallels 
of  latitude.  When  it  is  considered  for  a  moment  that  the  great  capi- 
tals of  Europe — St.  Petersburg,  London,  and  Berlin — are  situated  1^460, 
870,  and  940  miles,  respectively,  north  of  Washington,  and  yet  in  pros- 
perous agri(!ultural  communities  the  above  statement  does  not  create 
surprise.  The  vicissitudes  of  climatic  conditions  in  northern  Europe  are 
also  less  marked  than  they  are  in  the  United  States.  Throughout 
the  beet-growing  area  of  Europe  it  is  expected  that  the  summers  will 
be  mild.  They  are  not  attended  with  miiny  days  of  excessive  heat. 
Spring  comes  early  and  permanently ;  the  autumn  comes  slowly  and  late. 
In  France  ajid  Belgium  a  severe  frost  is  not  expected  in  May,  nor  is  it 
anticipated  that  ice  of  a  considerable  thickness  will  form  in  October.  The  . 
summer  days  in  these  localities  areconsiderably  longer  than  even  in  the 
more  northern  portions  of  our  country,  and  at  least  an  hour  longer  than 
in  the  centers  of  our  greatest  agricultural  prosperity.  We  find,  there- 
fore, so  great  a  deviation  in  their  climatic  conditions  that  we  can  not 
apply  with  rigidity  in  this  country  the  rules  respecting  the  climate 
deduced  from  the  experience  of  European  countries.  With  those  rules 
applicable  in  this  country,  it  would  be  easily  demonstrable  that  the 
great  center  of  the  sugar-beet  industry  on  this  continent  would  be  in 
Canada,  and  not  in  the  United  States.  We  have,  therefore,  had  to 
depend  so  far  largely  on  theory  in  the  api)lication  of  the  principles  of 
climatology  in  the  culture  of  the  sugar  beet  in  the  United  States.  The 
experimental  data  which  have  been  at  our  disposal  have  been  fragmen- 
tary, and,  as  has  already  been  noted,  have  not  been  secured  in  the  system- 
atic way  desirable.    The  result  is,  even  to-day,  that  many  of  our  theories 
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in  regard  to  climate  are  not  yet  substantiated  by  facts.  In  the  light  of 
the  data  at  hand,  in  the  publication  of  previous  reports  it  has  been 
assumed  that  the  beet-sugar  zone  of  the  United  States  would  be  found 
located  over  an  area  of  which  the  southern  limit  would  be  marked  by 
the  mean  isotherm  of  71°  F.  for  the  summer  mouths  of  June,  July,  and 
August.  While  this  temperature  is  considerably  higher  than  the  mean 
temperature  of  the  European  beet-sugar  areas  for  the  same  period  of 
time,  it  has  always  been  evident  that  the  beet  area  of  the  United  States 
would  necessarily  be  situated  farther  south  than  the  like  area  of  Europe. 
There  are  two  reasons  which  make  this  location  imperative.  In  the 
first  place,  the  more  northern  latitudes  not  only  have  late  springs,  but 
even  after  the  spring  is  once  established  the  occurrence  of  a  heavy  frost 
is  not  unusual.  In  the  second  place,  these  same  latitudes  have  short 
autumns,  and  the  occurrence  of  heavy  frosts  in  late  October  or  early 
November  are  not  at  all  unexpected.  As  a  result  of  this,  the  season  for 
the  growth  and  harvest  of  the  beet  is  too  short  if  we  should  apply  for 
the  mean  summer  temperature  the  same  rules  as  obtain  in  Europe.  It 
is  evident,  however,  that  the  assumption  of  the  mean  isotherm  of  71^ 
for  June,  July,  and  August  as  the  southern  limit  of  the  beet-sugar  area 
is  based  upon  so  many  independent  conditions  as  to  render  it  only  use- 
ful as  a  working  basis. 

OTHER  CONDITIONS. 

In  connection  with  the  temperature  must  be  considered  the  rainfall, 
the  contour  and  the  nature  of  the  soil,  the  possibility  of  irrigation,  the 
abundance  of  subsoil  moisture,  the  proximity  of  coal,  limestone,  and 
water,  price  of  labor,  facilities  for  distribution  and  transportation,  and 
many  other  matters  which  are  important  in  a  discussion  of  the  subject. 
It  is  further  evident  that  the  tracing  of  a  single  isothermal  line  and  the 
arbitrary  addition  thereto  of  a  certain  width  of  land  on  either  side  do 
not  give  even  the  proper  theoretical  thermal  basis  for  a  careful  study 
of  climatic  conditions. 

MAP  OF   THERMAL  BELT. 

For  this  reason,  the  present  report  is  supplied  with  a  new  map 
(Plate  I),  which  has  been  kindly  prepared  by  the  Weather  Bureau  at 
our  request,  in  which  the  isothermal  lines  for  June,  July,  and  August 
have  been  traced  with  greater  care  and  from  data  extending  over  a 
longer  period  of  time.^ 

The  result  of  these  new  studies  has  been  to  change  from  former  maps, 
in  some  cases  slightly  and  in  some  cases  considerably,  the  position  of 
the  mean  isotherm  of  70^  for  the  three  summer  months  named.  This 
change,  as  will  be  seen  by  consulting  the  new  map,  is  most  marked  in 

'Data  supplied,  throngh  the  courtesy  of  Mr.  Willis  S.  Moore,  chief  of  the  Weather 
Bureau,  by  Mr.  A.  J.  Henry.  The  map  was  drawn  by  the  draftamen  of  the  Bureau 
undar  Mr.  Heniy'B  direction. 
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the  case  of  the  State  of  New  York,  where  in  former  maps  the  mean 
isotherm  of  70^  was  traced  in  a  line  running  almost  directly  west  from 
AJbany  to  Buffalo. 

CHANGES  IN    THE  NEW  MAP. 

In  the  new  map  the  influence  of  the  Allegheny  Mountains  on  tempera 
ture  has  been  more  carefully  studied,  and  as  a  result  there  has  been  a 
considerable  deflection  of  the  isotherm  of  7(P  to  the  south  and  south- 
west. The  general  trend  of  this  isotherm  from  Albany  is  in  a  south- 
westerly direction  until  the  Allegheny  Mountains  are  crossed,  where  it 
turns  in  a  westerly  direction  until  it  reaches  its  former  location  practi- 
cally in  the  neighborhood  of  Cleveland,  Ohio.  The  position  of  this 
isotherm  from  this  point  westward  is  so  nearly  the-  same  as  that  of  the 
other  map  as  to  require  no  particular  mention.  The  State  of  New  York, 
however,  especially  that  portion  of  it  lying  between  Albany  and  Buffalo, 
has  peculiar  thermal  conditions,  and  these  are  shown  in  a  special  map 
of  that  State  (PI.  II).  A  considerable  area  of  the  State  with  a  mean 
summer  temperature  of  70o  is  found  in  the  northwestern  part  in  the 
neighborhood  of  Rochester,  while  between  this  area  and  the  continuous 
isotherm  of  70^,  as  traced  upon  the  map,  is  a  considerable  space  of 
territory  where  the  mean  summer  temperature  is  considerably  below 
70°.  This  area,  however,  corresponds  more  nearly  to  the  beet  areas  of 
northern  Europe  than  any  other  portions  of  our  country.  The  tempera- 
ture and  other  climatic  conditions  in  this  area  are  more  uniform  by 
reason  of  the  modifying  eflects  of  the  Oreat  Lakes  on  the  winds  which 
blow  from  the  west  and  northwest.  The  experimental  data  which  have 
been  collected  show,  therefore,  that  this  area,  although  in  many  cases 
the  mean  summer  temperature  is  below  70^,  is  peculiarly  suited  to  the 
production  of  beets  of  a  high  sugar  content.  The  comparatively  mild 
springs  and  autumns  also  favor  the  planting  and  harvesting  of  the  beet, 
so  that  the  conditions  of  this  area  are  as  favorable  to  the  production  of 
beets  of  the  proper  grade  as  those  areas  lying  immediately  contiguous 
to  the  mean  isotherm  of  70^. 

TBIPLE  ISOTHERMAL  LINES. 

Asa  single  isothermal  line  passing  across  tlie  country  affords  a  very 
narrow  basis  for  study,  it  has  been  deemed  advisable  in  the  map  here- 
with presented  to  take  as  the  nucleus  of  the  isothermic  sugar  zone  not 
merely  the  isotherm  of  70°,  but  that  belt  of  territory,  varying  in  width, 
which  is  bounded  by  the  isotherms  of  69°  upon  the  north  and  71°  upon 
the  south.  The  isotherm  of  '70^  is  found  between  these  two,  usually 
occupying  the  center  of  the  belt,  or  nearly  so,  but  sometimes  approach- 
ing more  nearly  the  one  or  the  other.  If,  now,  we  add  to  the  outside 
of  the  belt  of  irregular  width,  thus  outlined  by  the  two  isotherms  men- 
tioned, on  the  south  a  stiip  of  country  of  varying  width  and  on  the 
north  an  area  bounded  by  the  limit  of  dangerous  frosts,  this  area  will 
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practically  include  the  whole  of  the  United  States  which,  from  theo- 
retical conditions  of  temperature,  is  best  suited  to  the  growth  of  sugar 
beets  of  a  high  saccharine  content. 

BEET   ZONE. 

The  shaded  portions  of  the  map  herewith  presented  indicate  in  a 
general  way  this  area.  No  attempt  has  been  made  to  extend  this  lat- 
eral shading  west  of  the  Missouri  Eiver.  The  paucity  of  data  for  the 
western  part  of  the  country,  in  connection  with  the  extreme  vicissitudes 
of  climate,  renders  of  little  value  any  extension  of  the  thermal  belt 

ANNUAL  RAINFALL. 

Connected  with  this  study,  the  annual  precipitation  is  of  the  utmost 
importance.  There  has  therefore  been  marked  upon  the  map,  in  the 
area  covered  by  this  belt,  the  mean  precipitation,  in  inches,  from  5()  to 
40,  from  40  to  30,  and  so  on  down  to  the  least  recorded  quantities 
of  rainfall  in  the  far  western  arid  regions. 

The  mean  annual  precipitation  is,  of  course,  of  importance  in  deter- 
mining the  relations  of  the  different  regions  to  the  water  supply  and 
the  need  of  irrigation.  It  is  also  important  to  know  the  mean  precipi- 
tation for  the  months  during  which  the  chief  growth  of  the  crop  and 
the  harvest  take  place,  namely,  for  April,  May,  June,  July,  August, 
September,  and  October.  The  mean  precipitation  for  each  of  these 
three  months,  as  furnished  by  the  Weather  Bureau  for  the  localities 
mentioned,  is  indicated  in  the  following  tables: 

Monthly  averages  of  rainfall f  April-October, 


Stations. 


HASSACHUSBTTB. 

Amherst 

Bonton 

Fan  River 

Fitchlmrg 

Lowell 

New  Bedford 

Springfield 

Taunton 

Worcester 

CONNBCTICUT. 

Hartford 

New  Haven 

New  London 

Middletown 

Sontliington 

Wallin^ord 

NKW  YORK. 

Albany 

Buffalo 

Cboperatown 

Gouvemeur 

Ithaca 

New  York  City.... 
North  Sftlem 


Lati- 
tude. 


Longl- Eleva-  Si'"; 

tude.  .  tion.  \^^ 
years 


42  22  ,  72  32 

42  21  '  71  04 

41  42  I  71  09 

42  36  71  50 
42  39  I  71  17 

41  39  '  70  56  I 

42  05  I  72  35  I 

41  64  ,  71  06 

42  16  71  49  I 


41  45  I  72  40 
41  18     72  56 


41  21 
41  33 
41  35 
41  27 


72  05 
72  39 
72  51 
72  49 


42  40  73  45 
42  53  78  63 
42  42     74  57 


44  25 
42  27 

40  43 

41  20 


75  35 

76  30 
73  58 
73  34 


235  ! 

12  1 
259  I 
433  , 
104  I 
100  I 
70  I 
30  1 
473  ' 


88  1 
10  ; 
8  ' 
37  I 
152 
73 


Apr. 


3.1 
3.8 
3.9 
2.9 
3.6 
3.6 
3.2 
3.6 
3.7 


32 

587 

69 
27 

300 

43 

423 

21 

375 

36 

62 

61 

361 

23 

May.  June. 


3.0  I 

3.3  I 
3.7, 

3.4  I 

3.1  I 
3.6  I 


2.8 
2.5 
2.6 
2.1 
2.2 
3.4 
3.4 


3.7 
4.0 
3.8 
3.7 
3.8 
4.2 
3.3 
4.1 


3.6 
3.9 
8.6 
3.8 
3.2 
4.2  I 


3.4 
3.6 
2.7 
3.4 
4.0 
4.4 


3.7 
3.2 
3.1 
3.3 
3.3 
3.0 
3.8 
2.5 
3.1 


3.0 
3.1 
3.2 
3.5 
2.8 
3.6 


4.1 
3.5 
4.1 
2.7 
3.7 
3.8 
8.6 


July. 


4.5 
3.6 
3.5 
3.7 
3.8 
3.1 
4.5 
3.5 
3.8 


4.1 
4.5 
4.0 
4.3 
3.9 
4.2 


4.2 
3.2 
4.3 
2.8 
3.5 
4.0 
4.0 


Aug. 

Sept. 

Oct. 

Total 

4.4 

3.4 

3.9 

26.9 

4.3 

3.4 

3.8 

25.8 

4.4 

3.3 

4.5 

26.7 

4.3 

3.2 

4.1 

25.3 

4.4 

3.3 

3.8 

25.9 

3.9 

3.3 

3.7 

24.4 

4.5 

3.4 

4.2 

27.8 

4.2 

2.8 

3.8 

23.7 

4.5 

3.5 

4.4 

27.1 

I 

4.6 

4.6  I 
4.7 
4.8  I 
4.6  ! 
5.0  ' 


4.0 
3.2 
4.1 
2.3  I 

3.0  I 
4.7 

4.1  I 


3.2 
3.8 
3.4 
3.6 
2.9 
3.6 


3.5 
3.3 
3.4 
3.1 
3.0 
3.4 
3.1 


3.9 
3.8 
4.4 
4.1 
3.6 
4.2 


3.5 
3.6 
3.3 
3.4 
2.9 
3.6 
4.1 


25.4 
27.0 
27.0 
27.5 
24.1 
28.4 


25.7 
22.7 
25.4 
19.1 
21.7 
26.9 
28.6 


Digitized  by 


Google 


26 


BEET-SUGAR  INDUSTRY   IN  THE   UNITED   STATES. 


Sections. 


Monthly  averages  of  rainfall,  April-Ootoher — Continued 
Eleva- 


Lati. 
tade. 


NEW  YORK— cont'd. 

o     / 

Oswego 43  29 

Palermo 43  20 

Rochester 43  08 

Utica 48  Oe 

NEW  JKB8KT.  | 

AtlanticClty 39  22 

LambertviUe 40  23 

Newark 40  46 

New  Branswick 40  30 

South  Orange 40  45 

Trenton 40  14 

Vineland 39  29 


PENNSTLYANIA. 

Blooming  Grove '  41  23 

Dyberry 41  38 

Erie 42  07 

Gettysburg 39  49 

Harrisburg 40  16 

Pittsburg 40  22 

PhUadelphia 39  53 


MABTLAKD. 


Baltimore — 
Cumberland . 
Emmitsburg . 
Frederick.... 


OHIO. 


Cleveland 

Columbus 

Marietta 

Nurth  Lewisburg. 

Steubenville 

Toledo 

Wauseon 

Westerville 


INDIAITA. 


Angola 

Columbia  City. 

Coiinersville 

FaniiJand 

Fort.  Wayne... 
Indianapolis... 

Lafayette 

Logansport 

Manzy 

Richmond 

Splceland 

Wabash 


ILLINOIS. 


Athens 

Augusta 

Aurora 

Chicago 

Elmira 

Galesburg 

Geueseo 

Havana 

Ht^noeptn 

Mareogo 

Mattoon 

Oswego 

Ottawa 

Peoria 

Philo ; 

Pontiac 

Rockford 

Rock  Island  Arsenal 
Sandwich..,, , 


39  4d 
39  24 


41  30 
39  58 

39  30 

40  11 

40  25 

41  40 
41  3fl 
40  04 


41  36 
41  09 

39  40 

40  U 

41  05 

39  46 

40  28 
40  46 
39  37 
89  51 

39  48 

40  48 


39  57 

40  12 

41  47 
41  52 
41  10 

40  56 

41  27 

40  18 

41  16 

42  15 

39  29 
41  40 
41  22 

40  42 


Longi- 
tude. 


76  35 

76  22 

77  42 
75  13 


74  25 
74  57 
74  10 
74  27 
74  15 

74  45 

75  01 


75  09 

75  18 
80  05 
77  15 

76  53 
79  59 
75  10 


76  37 
78  45 

77  20 
77  24 


81  42 
83  00 

81  26 

83  35 
80  41 
8:^  34 

84  07 

82  46 


85  00 
85  30 
85  03 
85  10 

85  07 

86  10 
86  54 
86  22 
85  23 

84  53 

85  18 
85  49 


89  45 

90  57 
j  88  U8 

87  38 
!  80  49 
I  90  22 

90  06 
90  05 
89  21 

88  37 
88  24 
88  22 

88  48 

89  36 


tion. 


Num- 

ber of 

Apr. 

years. 

26 

2.1 

42 

2.3 

27 

2.5 

41 

2.7 

23 

3.3 

May. 


682 
812 
611 
1,030 
663 
579 
767 


1,052 
863 
844 

1,040 
815 
753 


40  54  88  40 
42  15  89  05 

41  32  i  90  38 
41  81  I  88  32 


800 
674 
648 
589 
505 
7ri6 
845 
475 


819  I 
737 
670  1 


41 
17 
69 
25 
39 
26 
23 
35 


667 

16  . 

586 

19 

13  1 

850 

26  ' 

1.063 

28 

698 

10 

452 

41  ; 

771 

11 

600 

6 

730 

22 

528 

14 

666 

17 

3.3 
3.5 
3.7 
3.3 
3.7 
3.3 


3.2 
2.5 
2.5 
3.5 
3.0 
3.0 
8.4 


3.4 
2.5 
3.5 
3.7 


2.7 
3.2 
3.3 
3.1 
3.4 
2.2 
3.0 
3.0 


2.9 
3.4 
3.7 
3.4 
3.2 
3.6 
3.7 
3.5 
3.5 
3.6 
2.9 
2.9 


4.1 
4.0 
3.2 
3.0 
3.2 
2.9 
2.7 
3.5 
3.0 
2.8 
4.2 
3.0 
2.9 
3.2 
3.8 
2.2 
3.3 
2.7 
8.7 


2.8 
2.8 
3.3 
3.5 


3.1 
4.4 
4.0 
3.9 
3.2 
4.1 
3.9 


4.0 
8.4 
3.8 
4.0 
4.6 
3.5 
3.8 


3.8 
3.4 
4.6 
4.4 


3.5 
4.2 
3.9 
3.9 
3.9 
3.4 
4.2 
3.4 


4.5 
4.5 
4.4 

4.7 
3.9 
4.0 
4.8 
6.0 
4.2 
4.3 
3.8 
4.2 


4.8 
4.1 
4.0 
3.7 
4.1 
3.5 
3.1 
3.6 
3.7 
3.9 
5.0 
3.9 
4.0 
3.8 
4.2 
3.2 
4.0 
3.9 
4.6 


t 


June. 


3.4 
3.3 
3.8 
4.3 


3.0 
3.8 
3.5 
3.9 
3.6 
3.9 
3.3 


4.1 
3.1 
3.9 
3.5 
4.4 
3.6 
3.8 


July. 


3.9 
3.5 
4.1 
4.0 
4.0 
3.4 
4.1 
3.8 


3.7 
4.1 
4.3 
4.0 
3.8 
4.5 
4.2 
4.2 
4.5 
3.9 
4.4 
4.6 


5.7 

4.1 

3.8 

3.7 

4.1 

4.0 

3.8 

4.2 

4.1 

4.3 

4.8 

4.0 

3.6  j 

3.7 

4.2 

3.2 

4.8 

3.9 

4.3 


Aug. 


3.  1  2. 6 

3.3  2.7 

3.0  3.0 

4.7  3.5 


3.5 
4.4 
4.4 
4.7 
4.9 
5.5 
4.3 


6.0 
4.6 
2.8 
3.4 
4.2 
4.0 
4.0 


4. 0  4. 7 

3. 8  3. 4 

3.9  3.4 
4. 6  3. 5 


3.4 
3.2 
4.4 
4.4 
4.0 
3.1 
3.4 
3.9 


2.7 
3.2 
2.4 
2.8 
4.9 
4.2 
3.7 
2.9 
2.2 
3.5 
4.1 
3.4 


3.4 
4.8 
3.3 
3.4 
3.2 
3.7 
2.9 
4.6 
3.0 
3.7 
3.9 
3.1 
3.6 
4.0 
2.7 
2.2 
8.6 
3.7 
4.6 


4.3 
4.9 
5.0 
4.9 
5.2 
5.3 
4.9 


4.9 
3.8 
3.3 
3.6 
3.9 
3.4 
4.3 


4.0 
3.2 
8.3 
2.7 


3.1 
3.2 
3.9 
3.3 
3.9 
2.7 
2.7 
3.3 


2.7 
2.7 
2.7 
3.5 
3.4 
3.3 
3.5 
2.9 
2.7 
3.9 
3.3 
3.0 


3.0 
3.6 
3.4 
2.9 
3.6 
4.2 
3.0 
2.5 
2.8 
3.7 
3.4 
3.0 
2.9 
3.0 
2.1 
1.5 
3.2 
3.8 
4.6 


Sept. 

Oct. 

TotaL 

2.8 

3.3 

20.1 

3.2 

3.4 

21.0 

2.4 

2.9 

20.4 

3.5 

3.5 

25.7 

3.2 

3.2 

23.6 

4.3 

3.6 

28.7 

3.8 

3.6 

27.8 

3.8 

3.4 

88.3 

4.0 

3.7 

27.9 

4.0 

4.0 

30.5 

4.0 

3.4 

27.1 

8.1 

3.6 

27.9 

2.8 

8.3 

23.5 

4.0 

4.1 

24.4 

3.0 

8.1 

24.1 

3.6 

3.3 

27.0 

2.9 

2.8 

23.2 

3.6 

3.2 

26.0 

3,9 

2.9 

26.7 

2.8 

2.3 

21.4 

3.8 

3.8 

26.3 

3.7 

2.5 

25.1 

3.6 

2.8 

23.0 

2.6 

2.6 

22.5 

3.1 

3.1 

25.8 

3.2 

2.2 

24.1 

3.5 

3.1 

25.8 

2.4 

2.4 

19.6 

2.6 

2.6 

22.6 

3.1 

2.1 

22.6 

3.8 

2.3 

22.6 

3.9 

1.9 

23.7 

2.6 

2.2 

22.3 

3.6 

2.0 

24.0 

3.2 

3.0 

25.4 

3.1 

2.8 

25.5 

2.7 

2.2 

24.8 

3.1 

2.5 

24.1 

3.1 

2.5 

22.7 

4.1 

2.8 

26.1 

3.1 
2.5 


3.3 

4.1 

3.2 

3.0  I 

3.3  I 

4.1 

3.6 

3.8 

2.6 

3.8 

2.9 

2.8  ' 

2.9 

3.5 

3.3 

1.7 

2.4 

3.2  I 

8.6  I 


2.2 
3.6 


2.5 
2.9 
2.9 
2.7 
2.1 
2.6 
2.7 
2.2 
2.7 
2.4 
2.8 
2.8 
2.3 
2.5 
1.7 
1.5 
3.2 
1.6 
2.6 


23.8 
24.2 


27.6 
23.8 
22.4 
23.6 
25.0 
21.8 
24.4 
21.9 
24.6 
27.0 
22.6 
22,2 
23.7 
22.0 
16.5 
24.5 
28.3 
27.6 
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Monihlg  averages  of  rainfall,  April^Oetober — Continaed. 


Sections. 


ILLINOIS — con  tinned . 


Sprinfffleld  . 
Sycamore . . . 
Watseka  ... 
Winnebago. 
Wyanet 


Beloit 

La  Croaae. . . 

Madison 

Manitowoc  . 
MUwaukoe  . 


Lati-   Longi- 
tude,   tnde. 


,  I 


39  48  I  89  39 
42  00  88  42 

40  48  I  87  45 
42  17  I  89  12 

41  30  '  89  45 


42  30 

43  49 

43  05 

44  07 
43  02 


Detroit 42  20 

QrandHaven 43  05 

Grand  Rapids 42  57 

Kalamazoo !  42  20 

Lansing |  42  44 

PortHuron 43  00 


89  11 
91  15 
89  24 
87  46 
87  54 


86  18 
85  40 


84  32 
82  26 


Eleva- 
tion. 

Num- 
ber of 

years. 

644 

17 

800 

15 

640 

7 

861 

18 

750 

11 

in 

30 

657 

24 

857. 

?8 

593 

33 

591 

53 

580 

46 

693 

25 

604 

14 

770 

20 

836 

33 

584 

22 

Apr. 'May.  I  June. 


3.7 
3.6 
3.7 
'3.2 
3.8 


2.9  I 

2.4  I 
2.6 

2.4 
2.8 


2.6 
2.6 
2.8 
2.6 
2.4 
2.1 


5.0  ! 
4.3  I 
5.6  1 
4.0 
4.6  I 


.3.2 
3.3 
3.5 
2.6 
3.4 


3.1 
3.4 
3.6 
4.4 

3.4 
3.4 


4.4 
6.0 
3.7 
4.1 
4.5 


2.8 
3.6 
3.0 
3.5 
4.2 


Aug. 

Sept. 

Oct. 

Total. 

2.4 

3.2 

2.7 

24.2 

2.9 

3.0 

3.1 

25.5 

2.4 

2.9 

2.6 

23.9 

3.2 

3.6 

2.3 

23.9 

4.7 

4.8 

2.4 

29.0 

4.0 

3.5 

3„6 

3.4 

2.5 

23.1 

4.6 

4.0 

3.2 

4.2 

2.3  , 

23.9 

4.5 

4.0 

3.1 

3  1 

2.6 

23.4 

3.6 

3.5 

3.2 

3.0 

2.6 

20.9 

3.8 

3.2 

2.7 

3.0 

2.2. 

1 

21.1 

3.8 

3.6 

2.« 

3.0 

2.6  , 

21.3 

3.8 

2.8 

2.7 

3.6 

3.2 

22.1 

4.2 

2.4 

2.4 

3.4 

2.5  ' 

21.3 

4.5 

3.2 

2.6 

3.2 

2.8  1 

23.3 

4.0 

3.1 

2.7 

2.9 

2.5  1 

21.0 

3.6 

2.4 

2.6 

2.6 

.S| 

19.4 

STUDY  OF   PAETIOULAB   LOCALITIES. 

North  Carolina  and  West  Virginia. 

The  elevated  areas  of  the  mountain  regions  of  North  Carolina  and 
West  Virginia  afford  conditions  of  temperature  and  precipitation  which 
are  favorable  to  the  growth  of  sugar  beets.  The  rough  and  moun- 
tainous character  of  this  portion  of  the  country,  however,  presents 
mechanical  difficulties  in  cultivation  of  sufficient  magnitude  to  warrant 
the  statement  that  the  beet  industry  on  a  large  scale  is  not  likely  to  be 
established  within  it.  A  portion  of  the  region  specified  has  a  mean 
annual  rainfall  of  more  than  50  inches,  while  the  moat  of  it  is  supplied 
with  a  rainfall  of  40  inches.  It  i*^  not  probable,  on  account  of  the  con- 
sideration mentioned  above,  that  the  beet-sugar  industry,  on  a  scale 
of  any  magnitude,  will  ever  be  established  in  the  regions  specified. 

Eastern  Shore  of  Maryland. 

The  isotherm  of  71^  enters  Maryland  at  a  point  about  the  center 
of  the  Atlantic  coast  of  the  eastern  shore,  and  runs  north  by  north- 
east almo.st  to  Poughkeepsie,  N.  Y.  It  is  evident,  therefore,  that 
the  temperature  conditions  of  this  region  are  similar  to  those  on  or 
south  of  the  isotherm  of  71°  in  other  parts  of  the  country,  although 
here  in  this  area  the  region  lies  to  the  west  of  this  isotherm.  Judged 
by  this  factor,  -and  also  by  the  mean  annual  rainfall,  which  is  40  inches 
for  this  locality,  the  cultivation  of  the  sugar  beet  might  be  success- 
fully inaugurated  along  the  Atlantic  coast  of  the  eastern  shore;  in  fact, 
practically  over  the  whole  of  the  southern  portion  of  the  eastern  shore 
of  Maryland.  The  character  of  the  soil  in  this  locality  is  mostly  sandy, 
and  its  natural  fertility  has  been  considerably  diminished  by  long  years 
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of  cultivation.  There  is  no  reason  to  doubt,  however,  the  fact  that 
with  proper  fertilization  and  cultivation  the  requisite  degree  of  fertility 
for  the  production  of  sugar  beets  could  be  secured.  The  general  tend- 
ency in  this  region  is  in  the  direction  of  a  too  high  temperature  and 
too  few  hours  of  sunshine.  The  above  observations  apply  also  to 
Accomac  County,  Va. 

Delaware. 

The  observations  which  have  been  made  in  regard  to  tbe  eastern 
shore  of  Maryland  also  apply  to  tbe  eastern  region  of  Delaware.  On 
account  of  the  ravages  of  the  *' yellows"  among  the  peach  orchards  of 
southern  Delaware,  it  might  be  worth  wtile  for  the  agricultural  experi- 
ment station  to  make  a  careful'  survey  of  the  southeastern  portion  of 
the  State  with  reference  to  the  possibility  of  producing  sugar  beets  of 
the  requisite  degree  of  saccharine  strength.  The  surface  of  the  soil  is 
generally  level;  a  good  deal  of  it  is  of  a  sandy  nature,  and  so  far  as 
its  i)hysical  properties  are  concerned,  it  may  be  regarded  as  favorable 
to  beet  growth. 

New  Jersey. 

The  mean  isotherm  of  71°  degrees  passes  northward  almost  parallel 
to  the  Atlantic  coast  of  New  Jersey,  and  at  varying  distances  there- 
from. Tbe  part  of  New  Jersey  lying  between  this  isotherm  and  the 
seacoast  is  mostly  coin])08ed  of  sandy  soils,  reasonably  level.  Tbere 
are  no  mechanical  difficulties  of  any  magnitude  connected  with  the 
culture  of  tbe  beet,  and  the  problem  of  fertilization  of  the  soil  is  one 
whicb  is  easily  solved.  The  same  observations  in  regard  to  possibilities 
of  beet  culture  may  be  made  of  this  region  of  New  Jersey  as  have 
been  made  in  respect  of  Maryland  and  Delaware.  This  general  obser- 
vation relating  to  the  whole  may  be  added : 

We  have  in  this  area  a  mean  snmmer  temperature  of  71°.  In  no 
place  does  it  reach  the  isotherm  of  70°.  The  whole  region  may  there- 
fore be  regarded  as  representing  that  of  a  maximum  temperature  com- 
patible with  beet  culture.  It  may  be  further  said  that  tbe  culture  of 
the  beet  should  only  be  pushed  south  and  beyond  tbe  isotherm  of  71°, 
where  peculiar  natural  advantages,  independent  of  thermal  factors,  are 
afforded.  Tbese  natural  advantages  consist  of  exceptionally  fertile 
soil,  favorable  contour  of  the  surface,  cheapness  of  fuel,  facilities  for 
transportation,  etc.  A  large  portion  of  the  region  which  has  been 
mentioned  is  devoted  to  truck  farming  for  the  markets  of  large  cities, 
and  it  is  doubtful  if  this  remunerative  form  of  agriculture  could  be 
replaced  successfully  with  sugar-beet  culture  in  competition  with  more 
northern  localities,  where  richer  beets  can  be  produced.  Nevertbeless, 
the  possible  production  of  fairly  good  beets  in  the  region  indicated 
must  be  admitted  from  the  point  of  view  of  temperature  and  precipi- 
tation alone. 
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Connecticut. 

It  will  be  observed  that,  both  in  respect  of  precipitation  and  tem- 
perature, the  whole  of  Connecticut  may  be  regarded  as  lying  in  the 
beet  belt.  From  theoretical  considerations,  therefore,  it  could  be  pre- 
dicted that  beets  grown  in  Connecticut  would  show  a  satisfactory 
content  of  sugar  and  possess  a  high  purity.  So  favorable  are  the  theo- 
retical conditions  in  that  locality  that  it  would  be  advisable  for  the 
agricultural  experiment  stations  of  the  State  to  make  a  systematic 
agricultural  survey  of  the  possibilities  of  growing  beets.  The  valley 
of  the  Connecticut  River  affords  a  fertile  field  of  experiment  where 
the  mechanical  conditions  of  culture  and  the  natural  conditions  of  the 
soil  are  factors  which  favor  success.  There  are  large  areas  of  the  State, 
however,  so  broken  in  contour  as  to  render  the  possibilities  of  beet  cul- 
ture unpromising,  but  wherever  large  bodies  of  ftiirly  level  land  with 
good  fertility  can  be  found  it  is  fair  to  presume  that  the  culture  of  the 
sugar  beet  would  be  attended  with  success.  Conditions  which  obtain 
in  Connecticut  are  also  found  in  the  State  of  Khode  Island,  although  a 
I)ortion  of  that  State  lies  north  of  the  isotherm  of  69°.  As  will  be 
seen  farther  along,  however,  in  discussing  the  conditions  of  growth  in 
New  York,  there  are  many  localities  in  the  United  States  north  of  the 
isotherm  of  69°  where  beets  flourish;  in  fact,  it  may  be  said  that  the 
possibilities  of  growing  beets  north  of  the  isotherm  of  69^,  where  rea- 
sonably mild  autumns  can  be  expected,  are  much  better  than  south  of 
the  isotherm  of  71o. 

Massachusetts. 

The  valley  of  the  Connecticut,  in  the  State  of  Massachusetts,  doubt- 
less affords  as  fine  facilities  for  beet  culture  as  in  the  State  of  Con- 
necticut. The  gieater  part  of  the  State  lies  north  of  the  isotherm  of 
690.  As  in  the  case  of  Connecticut,  there  are  doubtless  many  regions 
in  this  State  north  of  the  isotherm  of  69^  where,  owing  to  the  mild 
autumns,  the  sugar  beet  may  be  expected  to  grow  satisfactorily  for 
sugar-making  purposes.  A  large  part  of  the  State  is  unfitted,  by  rea- 
son of  its  contour  and  the  nature  of  the  soil,  for  the  culture  of  beets, 
but  at  least  the  Connecticut  Valley  and  similar  stretches  of  soil  might 
be  used  to  good  advantage  for  this  purpose. 

New  Hampshire  and  Vermont. 

These  States,  lying  north  of  the  isotherm  of  69^,  will  have  to  contend 
in  the  growth  of  beets  with  the  shorter  growing  season  and  less  heac 
for  the  three  months  of  June,  July,  and  August  for  forcing  the  beets  to 
maturity.  Nevertheless,  it  is  doubtless  true  that  for  a  distance  of  100 
miles,  or  even  more,  north  of  the  isotherm  of  69^  beet  culture  could  be 
practiced  with  success  on  account  of  the  longer  summer  days.  Samples 
of  beets  received  from  Vermont  and  analyzed  in  this  laboratory  show 
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favorable  contents  of  sugar,  and  high  purities.  Those  grown  also  at 
the  experiment  station  of  Vermont,  as  will  be  seen  farther  on,  afford 
encouraging  data.  The  thing  to  be  feared  in  these  localities  is  not 
inability  to  grow  a  beet  rich  in  sugar,  but  the  possibility  of  being  able 
to  harvest  and  secure  it  proi>erlj  before  the  advent  of  winter.  These 
areas  do  not  enjoy  the  immunity  from  sudden  changes  of  temperature, 
due  to  the  lake  breezes,  which  is  characteristic  of  the  great  plain  of  the 
State  of  New  York  between  Albany  and  Buffalo. 

New  York. 

In  this  State  we  have  a  remarkable  variety  of  ther^ial  conditions. 
The  mean  isotherms  of  69^  and  70°  pass  in  a  southwesterly  direction 
from  Albany  into  the  State  of  Pennsylvania,  following,  in  general,  the 
trend  of  the  ranges  of  the  Allegheny  Mountains.  The  influence  of 
these  high  altitudes  is  seen  in  forcing  these  isotherms  to  the  south. 
The  southeastern  portion  of  the  State  of  New  York  lies,  therefore, 
within  the  belt  of  isotherms  peculiarly  favorable  to  beet  culture,  with 
the  exception  of  the  valley  of  the  Hudson  from  a  point  a  few  miles 
above  Poughkeepsie  to  the  mouth  of  the  river.  This  valley,  including 
the  city  of  New  York,  has  a  higher  temperature  than  that  deemed 
most  suitable  to  beet  culture.  As  this  valley  is,  however,  unfitted 
by  reason  of  its  contour  to  the  culture  of  beets,  the  above  fact  is  of 
little  importance.  Passing  to  the  west  of  Albany,  the  mean  summer 
temperatures  for  the  three  months  of  June,  July,  and  August  are  con- 
siderably below  the  standards  which  have  been  mentioned  until  the 
region  immediately  east  of  Rochester  is  reached,  where  again  we  find 
a  mean  isotherm  of  70'^,  and  about  Palmyra  of  almost  71o.  South- 
west of  this  the  mean  temperatures  of  the  summer  are  again  below  69°. 
Nevertheless,  a  fairly  satisfactory  agricultural  survey  of  this  region 
has  shown  that  it  is  capable  of  producing  beets  of  high  quality;  and 
the  effects  of  the  lake  breezes  upon  the  climate  have  doubtless  much 
to  do  with  this  condition.  For  instance,  in  regions  in  this  area  where 
the  mean  summer  temi)erature  is  below  69^  the  autumns  are  far  more 
mild  than  in  the  similar  regions  in  Minnesota,  so  that  the  months  of 
October  and  November  can  both  be  relied  upon  with  great  certainty 
for  securing  the  harvest  of  the  beets.  As  has  been  before  mentioned, 
we  have  in  this  region  a  nearer  approach  to  the  conditions  of  beet 
growing  in  northern  Europe  than  in  any  other  place  in  the  United 
States.  This  whole  region,  therefore,  must  be  considered  and  included 
in  the  area  of  our  country  where  the  theoretical  conditions,  and  where 
the  actual  conditions,  of  temperature  and  precipitation  favor  the  pro- 
duction of  a  beet  of  high  saccharine  (content.  If  we  should  leave  out 
of  the  calculation  the  southern  deflection  of  the  isotherms  of  69°  and 
70°,  due  to  the  Appalachian  system,  and  connect  directly  the  area,  in  the 
neighborhood  of  Eochester,  where  these  temperatures  obtain,  with 
Albany,  neglecting  the  intermediate  temperatures,  we  should  have  the 
isotherms  occupying  practically  the  same  position  in  this  new  map  that 
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they  were  made  to  occupy  in  the  former  maps  furnished  by  the  Signal 
Office  for  this  Department.  In  the  absence  of  definite  information  on 
the  subject,  it  is  fair  to  presume  that  the  former  maps  were  made  in 
this  way,  and  this  accounts  for  the  discrepancy  in  the  position  of  the 
isotherm  of  70°  found  in  these  maps  and  in  the  one  now  presented. 
Abundant  experimental  (Uita  go  to  show  that  the  total  area  of  the 
State  of  Kew  York  south  of  Saratoga  is  well  suited  to  the  growth  of 
beets,  wherever  the  physical  conditions  of  contour  are  favorable  and  the 
soil  suitable.  The  map  of  the  beet  area  has  therefore  been  extended 
so  as  to  include  this  region  in  the  beet  belt. 

Pennsylvania. 

A  large  portion  of  the  State  of  Pennsylvania,  from  the  thermal  point 
of  view  alone,  is  well  suited  to  the  growth  of  beets.  The  position  occu- 
pied by  the  belt  of  territory  included  between  the  isotherms  of  69^  and 
710,  liowever,  in  the  State  of  Pennsylvania  indicates  an  area  which,  for 
physical  reasons,  is  mostly  unsuited  to  beet  culture,  as  it  covers  prin- 
cipally the  mountainous  region  of  that  State.  The  northwestern  part 
of  the  State,  especially  the  portion  bordering  on  Lake  Erie,  has  the 
same  favorable  conditions  for  beet  culture  as  are  found  in  the  great 
valley  of  the  State  of  New  York;  and  the  principal  development  of  the 
industry  in  that  State,  for  the  physical  reasons  mentioned  above,  must 
be  looked  for  in  that  section.  South  of  the  isotherm  of  71o  there  may  be 
favorable  regions  in  the  southern  and  eastern  portions  of  the  State,  but 
the  altitude  has  pushed  the  isotherms  too  far  south  to  look  for  the  best 
results  in  the  southwestern  part  of  the  State,  on  account  of  the  shorter 
days  due  to  the  more  southern  latitude.  Where  conditions  of  contour 
and  fertility  of  soil  are  favorable,  the  whole  i)ortion  of  Pennsylvania 
north  and  west  of  the  isotherm  of  71  ^  may  be  regarded  as  favorable  to 
beet  culture.  The  precipitation  immediately  west  of  the  Allegheny 
Mountains  is  not  so  great  as  on  the  east,  but  there  is  an  area  in  the 
extreme  northwestern  part  of  the  State  where  the  mean  average  pre- 
cipitation is  nearly  the  same  as  that  east  of  the  mountains,  namely, 
between  40  and  50  inches. 

Ohio. 

The  northeastern  and  northern  parts  of  Ohio  are  well  situated  for 
beet  culture.  In  general,  the  contour  of  the  land  is  favorable,  being 
reasonably  level,  and  the  soil  is  fairly  fertile.  The  conditions  in  these 
localities  are  fairly  comparable  with  those  in  the  Stiite  of  New  York, 
except  that  the  mean  temperature  is  higher,  the  mean  isotherm  of  70° 
running  in  a  northwesterly  direction  across  the  northern  part  of  Ohio 
and  entering  the  lake  near  Sandusky.  It  is  probable  also  that  to  a 
considerable  distance  south  of  the  isotherm  of  71^,  good  beets  can  be 
grown,  but  where  so  large  an  area  is  found  with  more  favoring  climatic 
conditions,  it  is  not  well  to  push  the  industry  too  far  south  until  more 
favorable  localities  are  fully  exploited. 
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Michigan. 

A  large  part  of  the  southern  peninsula  of  Michigan  is  directly  in  the 
heart  of  the  beet  belt.  The  contour  of  the  soil  is  also  favorable,  being 
reasonably  level,  with  an  average  fertility,  and  the  data  which  have 
.  been  secured  in  actual  experiments  in  those  regions  are  of  the  most 
encouraging  kind.  There  seems  to  be  no  doubt  of  the  fact  that  this 
locality  is  among  the  best  iu  the  United  Slates  for  beet  culture,  and  the 
modifying  influence  of  the  lake  on  the  autumnal  climate  must  not  be 
lost  sight  of, 

Indiana. 

The  northern  counties  of  Indiana,  especially  the  northwestern,  are 
situated  in  the  beet  area,  and  it  is  probable  that  the  culture  of  the  beet 
may  be  extended  southward,  as  in  the  case  of  Ohio,  as  far  as  Fort 
Wayne  aud  Lafayette,  although  it  is  not  advisable  for  intending 
investors  to  locate  in  the  more  southern  areas  until  the  more  north- 
ern have  been  fully  exploited.  The  agricultural  survey  of  the  northern 
part  of  the  State,  undertaken  by  the  experiment  station  at  Lafayette, 
in  conjunction  with  the  work  of  this  Department,  will  indicate  finally 
with  more  accuracy  than  a  mere  theoretical  map  the  most  favorable 
conditions  of  culture.  Great  interest  has  been  manifested  in  Indiana 
in  the  extreme  southwestern  portion,  near  Evansville,  in  the  culture 
of  the  beet,  and,  as  will  be  seen  iu  the  following  data,  many  samples 
have  been  secured  from  that  portion  of  the  State.  In  many  respects 
this  region  is  most  favorable  to  beet  culture,  particularly  on  account  of 
the  facilities  for  transportation,  cheapness  of  fuel,  and  the  fertility  of 
the  soil.  The  mean  summer  temperature,  however,  is  so  high  as  to 
cause  grave  doubts  concerning  the  future  success  of  beet  growth  in 
that  locality. 

The  soil  in  northern  Indiana  is  much  like  that  of  Michigan — sandy, 
reasonably  level,  and  fairly  fertile — and  there  is  reason  to  believe  that 
an  industry  i)rofitable  both  to  the  farmer  and  manufacturer  may  grow 
up  in  that  part  of  the  country. 

Illinois. 

The  northern  part  of  Illinois  is  in  the  beet-sugar  belt,  and  the  con- 
ditions in  resi)ect  of  contour  of  the  surface  and  fertility  of  the  soil, 
facilities  and  cheapness  of  transportation,  etc.,  are  excellent  for  the 
sugar-beet  industry.  The  character  of  the  soil  in  northern  Illinois, 
however,  is  quite  diiferent  from  that  of  northern  Indiana  and  the 
southern  peninsula  of  Michigan.  It  is  mostly  a  prairie  soil,  dark  and 
underlaid  with  clay,  so  that  the  physical  conditions  of  culture  are 
probably  not  so  favorable  as  iu  the  other  sections  just  named. 

Wisconsin. 

Southern  Wisconsin  occupies  a  most  favorable  position  for  beet 
culture,  and  the  data  which  have  been  obtained  from  that  State  by 
the  agricultural  experiment  station  at  Madison,  in  conjunction  with  the 
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work  of  this  Department,  are  favorable,  and  show  great  possibilities  of 
success  for  the  industry  in  that  region.  We  begin  to  notice  here  the 
eflfects  of  the  southwestern  breezes  in  forcing  northward  tLe  isotherms 
of  70O  and  .C9o,  and  these  hot  breezes  cut  off  from  the  culture  of  the 
beet  large  areas  where  soil  and  other  conditions  are  extremely  favor- 
able. The  same  remark  should  be  applied  to  the  belt  of  country  imme- 
diately south  of  the  isotherm  of  71o  that  has  heretofore  been  made, 
namely,  that  there  are  doubtless  many  sections  where  the  successful 
culture  of  the  beet  may  be  secured.  This  is  dependent  upon  local 
conditions  which  must  be  determined  by  careful  agricultural  surveys 
in  the  future. 

Minnesota. 

.  The  deflection  in  a  northwesterly  direction  of  the  isotherms  of  70o 
and  69^  includes  in  the  sugar  beet  area  a  large  portion  of  the  State  of 
Minnesota,  especially  the  southeastern  portion.  Here  there  is  no 
question  of  the  growth  of  the  crop  and  the  production  of  beets  of  high 
saccharine  qualities.  The  great  poiut  to  be  feared  in  this  locality  is 
the  early  approach  of  winter,  and  this  is  true  of  all  the  cis  montane 
western  regions.  We  find  here  a  drop  in  the  rainfall  from  an  annual 
average  of  30  to  40  inches  to  one  of  from  20  to  30  inches.  We  there- 
fore meet  here  a  greater  possibility  of  suffering  from  a  dry  season 
than  in  the  regions  of  the  East.  As  a  rule,  however,  the  quantity  of 
rainfall  during  the  growing  season  is  sufficient  for  the  production  of  a 
good  crop. 

Iowa. 

A  remarkable  deflection  of  the  isotherms  of  69°  and  70^  is  noticed 
in  passing  from  Minnesota  to  Iowa.  Not  only  are  these  isotherms 
deflected  toward  the  south,  but  they  actually  take  a  backward  course 
toward  the  east,  so  that  their  direction  for  a  considerable  distance  is 
east  of  south.  This  brings  the  theoretical  beet  belt,  so  far  as  tempera- 
ture is  concerned,  almost  through  the  center  of  the  State  of  Iowa. 
The  well-known  fertility  of  the  soil  of  this  State,  with  the  generally 
level  character  of  the  surface,  shows  that  the  agricultural  possibilities 
for  the  growth  of  sugar  beets  are  great.  In  the  greater  part  of  the 
State  the  rainfall  reaches  30  inches  per  annum,  but  in  the  northwestern 
part  the  approach  to  the  arid  region  is  shown  by  a  dropping  off  of  the 
average  rainfall,  so  that  it  is  between  20  and  30  inches.  Nevertheless, 
experience  shows  that,  as  a  rule,  a  sufficient  rainfall  is  ])rovided  in  all 
parts  of  the  State  for  the  growth  of  ordinary  agricultural  crops.  The 
isotherms  of  69^  and  70°,  after  passing  partly  across  the  State  of  Iowa, 
take  a  sudden  turn  toward  the  north  and  west  and  pass  out  of  the  State 
again  into  Minnesota,  where  they  reach  a  more  northern  latitude  than 
Minneapolis.  With  the  exception  of  the  southwestern  counties  of 
Iowa  it  is  fair  to  presume  that  almost  the  whole  of  the  area  of  the 
State,  in  so  far  as  thermal  conditions  and  rainfall  are  concerned,  is 
H.  Doc.  396 — r-3 


Digitized  by 


Google 


34  BEET-SUGAB  INDUSTRY  IN  THE   UNITED   STATES. 

suited  to  the  growth  of  beets.  Of  course,  in  this  matter,  it  should  be 
remembered,  that  local  conditions  of  soil,  transportation,  fnel  supply, 
and  other  factors  must  be  taken  into  consideration.  Iowa  also  occupies 
a  position  where  there  is  no  tempering  influence  of  the  northwestern 
wiDds,  so  that  it  begins  to  feel  the  rigors  of  the  winter  at  an  earlier 
date  than  is  experienced  on  the  same  isotherms  east  of  the  Great  Lakes. 

North  and  South  Dakota. 

The  conditions  which  prevail  in  N"orth  and  South  Dakota  are  some- 
what unique.  From  the  highest  position  attained  in  Minnesota,  at  the 
border  line  between  that  State  and  North  and  South  Dakota,  the  iso< 
therm  of  69^  turns  again  east  and  south  and  suffers  a  considerable 
deflection,  due  doubtless  to  the  lower  altitude  of  the  Bed  Eiver  Valley. 
Passing,  however,  into  Dakota  the  isotherms  are  rapidly  pushed  north- 
ward by  reason  of  the  hot  southwest  winds  which  are  so  often  experi- 
enced in  the  summer  time  in  those  localities.  For  these  reasons  the 
isotherm  of  69^  reaches  almost  as  far  north  as  Bismarck,  and  the  iso- 
therm of  70°  is  only  a  few  miles  south  of  it.  From  this  point  the 
isotherms  of  69^  and  70^  run  almost  due  south  from  North  Dakota 
entirely  across  the  State  of  South  Dakota  and  into  Nebraska.  The 
most  favorable  beet-sugar  belt,  in  so  far  as  the  temperature  alone  Is 
concerned,  would  be  the  area  bounded  by  the  isotherms  of  71  and  69 
degrees,  occupying  a  belt  of  considerable  breadth  running  north  and 
south  through  South  Dakota  into  North  Dakota,  and  southeast  through 
North  Dakota  back  into  South  Dakota.  The  depression  due  to  the 
Missouri  Biver  causes  an  area  of  higher  temperature  to  extend  in  a 
northwesterly  direction  into  South  Dakota.  This  area,  although  per- 
haps not  so  favorable  to  beet  growth  as  the  other,  is  still  situated  in  a 
fertile  country,  and  doubtless  has  many  advantages  for  growing  beets 
not  possessed  by  the  higher  lands  to  the  east  and  west  of  it.  There  is 
no  question  of  the  ability  of  both  the  regions  within  the  area  specified 
to  grow  beets  of  fine  saccharine  strength.  Abundant  experimental 
data  have  been  secured  from  both  tlie  States  to  substantiate  this  state- 
ment. Caution,  however,  must  again  be  given  in  regard  to  the  sudden 
advent  of  the  winters,  especially  in  North  Dakota,  where  sometimes  in 
October,  and  usually  in  November,  temperatures  approaching  zero  or 
even  below  zero,  degrees  Fahrenheit,  are  observed.  These  sudden  falls 
of  temperature  would  prove  disastrous  to  the  beet  harvests,  and  hence 
tend  to  restrict  to  a  certain  degree  the  spread  of  the  industry  in  that 
country.  Again,  attention  should  be  called  to  the  fact  that  the  whole 
of  the  areas  in  the  two  Dakotas,  where  the  thermal  conditions  are 
best  suited  to  beet  culture,  has  an  average  annual  rainfall  of  only 
from  15  to  20  inches.  The  danger  of  drought  and  the  possible  shortage 
or  loss  of  the  crop  from  that  source  are  therefore  increased,  and  we  begin 
to  approach  an  area  where  artificial  irrigation  must  be  looked  to  in 
many  seasons.  Probably,  however,  in  the  majority  of  seasons  the  rain- 
fall in  this  vicinity  would  be  sufficient  to  secure  a  good  crop. 
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Nebraska. 

A  stady  of  the  position  of  the  iaotherms  shows  that  the  best  part  of 
the  State  of  Nebraska,  both  as  respects  soil  and  rainfall,  has  an  average 
temperature  of  more  than  71^  during  the  summer  months.  The  most 
favorable  conditions  of  temperature  are  found  almost  in  the  center  of 
the  State  over  an  area  of  somewhat  irregular  shape,  and  oocupyiug  a 
position  where  the  extreme  distance  separating  the  isotherms  of  71^ 
and  69<^  is  the  greatest  of  any  in  the  country.  In  Nebraska  the  two 
isotherms  of  69^  and  70<^  run  almost  parallel,  but  the  isotherm  of  71<^ 
runs  first  in  a  southeasterly  direction,  then  almost  south,  and  finally 
almost  due  west,  forming  a  stomach-shaped  area  occupying  a  portion 
of  Dakota  and  the  central  portion  of  Nebraska.  The  agricultural  and 
analytical  data  which  have  been  obtained  in  Nebraska  are  very  exten- 
sive, and  it  will  be  observed  that  both  of  the  sugar  factories  which  have 
been  established  in  that  State  are  south  of  the  limit  of  71^.  It  has  been 
observed  also,  by  those  who  have  had  access  to  the  analytical  data  of 
these  two  factories,  that  the  saccharine  contents  of  the  beets  which  have 
been  delivered  to  them  have  not  been  equal  to  those  of  beets  grown  in 
more  favorable  localities  in  the  United  States.  On  the  other  hand,  the 
insufficiency  of  the  rainfall  in  the  central  and  western  portions  of  the 
State  renders  less  certain  the  growth  of  sugar  beets,  and  tends  to  crowd 
the  sugar  factories  and  the  sugar  industry  into  the  wetter  and  more 
fertile  portions,  in  spite  of  the  fact  that  the  temperature  is  higher. 

The  Abid  Begions. 

It  will  now  be  necessary  to  trace  the  theoretical  sugar-beet  belt,  so 
far  as  thermal  conditions  are  concerned,  by  States  through  the  arid 
regions.  There  is  so  little  of  the  area  embraced  in  this  belt  which  is 
subject  to  irrigation,  that  it  is  understood  at  once  that  the  possible  beet- 
sugar  industry  of  that  region  must  be  confined  to  the  most  favorable 
localities.  It  is  interesting  to  see,  however,  how  the  elevation  produced 
by  the  Bocky  Mountain  range  deflects  the  isotherms  which  have  been 
traced  in  a  generally  westerly  direction  up  to  this  x>oint  so  far  to  the 
south.  Passing  from  Nebraska,  the  isotherm  of  70^  runs  in  a  south- 
westerly direction  to  a  point  southwest  of  Denver,  whence  it  turns  in  a 
southeasterly  direction  to  New  Mexico,  thence  almost  due  south  to  near 
the  Mexican  border.  Being  deflected  to  the  west,  it  ascends  on  the 
other  side  of  the  Bocky  Mountain  range  in  a  general  northerly  and 
westerly  direction,  passing  in  a  northwesterly  direction  through  Utah, 
thence  turning  west  and  south  in  Nevada,  being  deflected  again  to  the 
south  by  the  Sierra  Nevada  range  of  mountains,  which  it  crosses,  pass- 
ing from  Nevada  into  California,  whence  it  passes  northward  again 
along  the  western  slope  of  the  Sierra  Nevada  Mountains  until  it  comes 
near  the  coast  line  in  the  northern  part  of  California.  Thence  the 
isotherm  of  70^  is  deflected  southward,  almost  parallel  with  the  coast 
line,  until  it  passes  into  lower  California.    It  is  seen  that  all  the  coast 
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valleys  of  Gatifornia  are  iDcladed  in  the  thermal  belt  most  favorable  to 
beet  caltore.  The  greater  part  of  the  area  inclnded  in  the  thermal 
belt  which  has  jnst  been  traced  across  the  arid  region  is  totally  nnsnited, 
on  account  of  the  moautainons  and  rough  regibn  of  the  surface,  for 
agricultural  uses.  It  is  therefore  evident  that  it  is  only  in  isolated 
places,  where  the  surface  of  the  land  is  smooth  and  irrigation  can  be 
practiced,  that  beet  culture  can  be  established.  In  connection  with  the 
thermal  belt,  the  map  shows  that  the  mean  average  rainfall  in  many 
cases  does  not  exceed  5  inches  per  annum. 

In  addition  to  the  continuous  belt  thus  marked  out,  there  are  some 
areas  of  varying  temperature  which  demand  attention,  as,  for  instance, 
the  elliptical  area  bounded  by  the  isotherm  of  70^  in  Idaho,  of  which 
Boise  City  is  the  center,  and  another  area  bound^''.  by  the  isotherm  of 
liPy  within  which  an  isotherm  of  71^  is  found,  in  the  State  of  Washing- 
ion.  There  is  also  one  locality  in  Montana,  on  the  Yellowstone  River, 
where  the  average  summer  temperature  is  71o. 

In  so  far  as  thermal  conditions  are  concerned,  vast  areas  of  the  arid 
regions  could  be  devoted  to  beet  culture  if  the  other  conditions  of  cul- 
ture were  favorable.  The  differences  of  elevation  of  the  plateaus  cause 
numerous  sudden  changes  of  temperature,  so  that  there  are  doubtless 
many  localities  not  marked  on  the  map  where  the  mean  summer  tem- 
perature is  almost  identical  with  that  which  has  been  already  mapped 
out.  By  reason  of  the  meagerness  of  data,  experimental  and  other- 
wise, relating  to  this  whole  region  west  of  the  Missouri  River,  the 
shading  showing  the  probable  extension  of  the  beet  area  beyond  the 
borders  of  the  basic  thermal  belt  has  been  omitted.  The  general  dis- 
cussion of  this  thermal  belt,  accompanied  as  it  is  by  the  chart  of  pre- 
cipitation, is  not  necessary  at  this  point.  In  general,  in  connection 
with  this  study,  the  remarks  which  are  made  in  Bulletin  Ko.  27,  on 
page  1G9,  and  repeated  in  Farmers'  Bulletin  Ko.  52,  may  be  recalled 
with  profit: 

The  mistake  mnst  not  be  made  of  supposing  that  all  the  region  inclnded  within 
the  boundaries  of  this  zone  is  suitable  for  beet  culture.  Rivers,  hills,  and  moun- 
tains occupy  a  large  portion  of  it,  and  much  of  the  rest  would  be  excluded  for  vari- 
ous reasons.  In  the  western  portion,  perhaps  all  but  a  small  part  of  it  would  be 
excluded  by  mountains  and  drought.  Beginning  at  a  point  midway  between  the  one 
hundredth  and  one  hundredth  and  first  meridian,  as  indicated  by  the  dotted  line, 
beets  could  be  grown  only  in  exceptional  places  without  irrigation.  On  the  Pacific 
coast  only  that  portion  of  the  zone  lying  near  the  ocean  will  be  found  suitable  for 
beet  culture. 

On  the  other  hand,  there  are  many  localities  lying  outside  the  indicated  belt,  both 
north  and  south,  where  doubtless  the  sugar  beet  will  be  found  to  thrive.  The  map, 
therefore,  must  be  taken  to  indicate  only  in  a  general  way  those  localities  at  or  near 
which  we  should  expect  success  to  attend  the  growth  of  sugar  beets  in  the  most 
favorable  conditions  other  than  temperature  alone. 

The  present  map  (Plate  1)  gives  in  greater  detail  than  ever  before 
the  boundaries  of  this  thermal  belt,  by  reason  of  the  fact  that  the 
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observations  of  the  T  leather  Barean  have  been  more  numerons,  and 
have  been  compiled  in  a  more  systematic  manner.  It  woald  be  idle  to 
assert  that  subsequent  observations  of  the  Weather  Bureau  may  not 
change  in  a  marked  degree  the  boundaries  of  the  belt  which  has  been 
mapped.  It  is  also  quite  true  that  the  agricultural  surveys  which  will 
be  conducted  by  the  several  States  will  locate  definitely,  beyond  the 
limits  already  outlined,  the  areas  where  successful  beet  culture  will  be 
practiced.  I  may  venture  the  prediction,  however,  that  these  areas 
will  be  contiguous  to  the  zone  which  is  already  mapped  out,  and  that 
the  future  beet-sugar  industry  of  the  United  States,  when  it  shall  have 
reached  a  magnitude  sufficient  to  supply  to  our  x)eople  a  large  part  of 
the  sugar  they  consume,  will  be  located  almost  entirely  within  the  areas 
which  have  thus  been  traced. 

DATA  FROM  DIFFERENT  STATES. 

Two  methods  of  collecting  the  data  from  States  have  been  pursued. 
In  the  first  place,  those  receiving  seeds  directly  from  the  Department 
of  Agriculture  were  supplied  with  Farmers'  Bulletin  No.  62,  giving 
instructions  for  preparing  the  soil,  and  planting  and  cultivating  the 
beets.  Each  person  was  also  supplied  with  a  series  of  blanks  for  the 
purpose  of  obtaining  cultural  and  climatic  data,  and  for  securing  as 
great  accuracy  as  possible  in  the  reports  which  were  made.  The  data 
blanks  used  are  represented  in  the  following  forms: 

UviTED  States  Department  of  Aorigulture, 

Washington,  D.  C,  Augugt  15, 1897. 

Bancnoifs  fob  Taking  Samplbs  or  Sugar  Beets  fob  Akaltsis. 
Prepared  by  H.  W.  Wiunr,  Chief  of  Diviaion  of  Chemistry. 

When  the  beets  appear  to  be  matare  (September  15  to  November  15,  according  in 
latitude  and  time  of  planting)  and  before  any  second  growth  can  take  place,  selecv 
an  average  row  or  rows,  and  gather  every  plant  along  a  distance  which  should  vary 
as  follows,  according  to  the  width  between  rows: 


From  rows  16  inches  apart,  length  75 

feet. 
From  rows  13  inches  apart,  length  66 

feet. 
From  rows  20  Inches  apart,  length  59 

feet. 


From  rows  22  inches  apart,  length  54} 

feet. 
From  rows  24  inches  apart,  length  50 

feet 
From  rows  28  inches  apart,  length  42^ 

feet. 


The  beets  growing  in  the  row,  of  the  length  above  mentioned,  are  coanted.  The 
tops  are  removed,  leaving  abont  an  inch  of  the  stems,  the  beets  carefully  washed 
free  of  all  dirt  and  wiped  with  a  towel.  Where  the  row  is  not  long  enough  to  meet 
the  conditions,  take  enongh  fk'om  the  adjacent  row  or  rows  to  make  up  the  required 
lengtii.  Bows  of  average  excellence  must  be  selected ;  avoid  the  best  or  poorest. 
Throw  the  beets  promiscuonsly  in  a  pile  and  divide  the  pile  into  two  parts.  Tuts 
snbdi vision,  of  one-half  each  time,  is  continued  until  there  are  about  ten  beets  in  a 
pile.  From  these  ten  select  two  of  mediom  size.  Be  careful  not  to  select  the  largest 
orsBiAlIeat. 
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From  all  of  the  rest  of  the  beets,  saye  these  two,  the  necks  are  removed  with  a  sharp 
knife  at  the  point  indicated  by  the  dotted  line  in  the  figure  (fig.  1).  The  beets* 
inolodii\g  the  two  saved  as  a  sample,  are  then  weighed. 

The  number  of  beets 
harvested  multiplied 
by  435.6  will  give  the 
total  number  per  acre. 
The  total  weight  of 
beets  harvested  multi- 
plied by  435.6  will  give 
the  yield  per  acre. 

Wrap  the  two  sam- 
ple beets  carefully  in 
soft  paper,  and  write 
your  name  legibly 
thereon.  The  beets 
must  be  perfectly  dry. 
Fill  out  the  blank  de- 
scribing the  beets,  in- 
close it  in  the  envelope, 
and  sew  it  up  in  the 
bag  with  the  beets. 
Attach  the  inclosed 
shipping  tag  to  the 
bag  and  send  the  pack- 
age by  mail. 
.  No  beets  will  be  ana- 
lyzed which  are  not 
sampled  as  described 
above  and  properly 
identified. 

Miscellaneous  anal- 
yses of  samples  with- 
out accurate  descrip- 
tion are  of  no  value. 

Blanks  are  sent  to 
each  one  for  two  sets 
of  samples.  From  two 
to  four  weeks  should 
elapse  between  the 
times  of  sending  the 

two  sets  of  samples. 
FiQ.  1.— lodlcatioK  point  at  which  top  of  beet  should  be  cut  off.  ,  .      ,  ,  .^.        ,  ■• 

If  additional  analy- 
ses be  desired,  other  blanks  will  be  sent  on  application,  but  not  more  than  four 
analyses  can  be  made  for  any  one  person,  except  in  special  cases. 
A  model,  showing  how  blanks  should  be  filled  out,  is  inclosed. 


[Model  B.] 

U.   8.   DEPARTMENT  OF  AGRICULTURE. 

MODBL  FOR  DB6CRIBINO  SaMPLB  OF  SUQAR  BSETS. 

Prepared  by  H.  W.  Wiley,  Chief  of  Division  of  Chemistry. 
Variety :  Klein wanzlebener. 
Date  planted:  May  3,  1897. 
Date  thinned:  June  3,  1897. 
Date  harvested :  November  o,  1897. 
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Character  of  soli:  Blaok  prairie  16am;  in  cultiTation  for  20  years,  chiefly  in  com; 
level,  tile-drained;  last  crop,  oat-s;  no  fertillaser  was  used;  barnyard  mannre  applied 
in  1895. 

Character  of  cultivation  (dates,  implemeDts,  etc.):  Plowed  November,  1896,  8 
inches  deep,  subsoiled  6  inches;  harrowed  with  disk  harrow  May  1, 1897;  rolled; 
seed  planted  with  hand  drill  one-half  inch  deep;  plants  up  May  16;  stand  excellent; 
hoed  by  hand  May  22;  plowed  with  horse  hoe  May  28  and  June  8, 16,  24,  July  8, 10^ 
and  17. 

Length  of  row  harvested  (feet) :  66. 

Width  between  rows  (inches) :  18. 

Number  of  beets  harvested:  88. 

Total  weight  of  beets,  less  necks  and  tops  (pounds) :  88. 

Weather  for  each  month:  May,  dry;  June,  copious  rains;  July,  flue  growing 
weather;  Augost,  hot  and  dry;  September,  dry  until  the  24th,  when  a  heavy  rain 
feU. 

State:  Iowa. 

Poet-office:  Hanover,  Buena  Vista  County. 

Date:  November  17,  1897. 

Name:  Robert  Simpson. 

KoTB.-.-fi6etB  will  not  be  analysed  unless  aooompanied  with  deaoription  aa  above. 

It  is  evident  that  in  promiscaons  experimentation  of  this  kind,  even 
when  directions  are  closely  followed,  and  when  all  the  operations  are 
condacted  in  accordance  with  the  directions  in  Farmers'  Bnlletin  ^o. 
52,  and  the  procedure  described  in  the  blanks  for  taking  samples  faith- 
fully followed,  the  data  are  still  of  an  unsatisfactory  nature.  For 
instance,  when  a  plot  of  beets  has  been  harvested  and  quartered  until 
the  two  beets  required  for  a  sample  have  been  selected  in  accordance 
with  directions,  we  still  have  an  uncertainty  prevailing  as  to  whether 
the  two  beets  correctly  represent  the  whole  lot  In  fact,  it  is  well 
known  that  the  variations  in  the  character  of  beets  grown  side  by  side 
are  very  great,  far  more  so  than  is  the  case  with  sugar  canes.  As  an 
illustration  of  this,  the  following  analyses,  giving  the  weight  and  sugar 
content  of  every  beet  grown  in  a  row  at  the  experiment  station  of 
Kentucky,  is  sufficient  evidence: 


Jnalysea  of  all  the  heeU  in  a  row,  Kentucky  iiation. 

Serial 

Weight 

after 
topping. 

Snoroae 

Serial 

Wejght 

after 
topping. 

Serial 

Weight 

after 
topping. 

Snoroae 

No. 

inbeeta. 

No. 

inbeeta. 

No. 

inbeeta. 

Ouneet. 

P^remit. 

Ounces, 

Per  eent. 

Ounces, 

Percent. 

1986 

^ 

7.7 

2009 

8* 

8.2 

2088 

8.1 

1M6 

25 

9.9 

2010 

4 

9.8 

2034 

7.2 

1987 

24 

10.4 

2011 

1 

9.9 

2035 

Ui 

9.1 

1988 

24 

10.6 

2012 

1 

10.6 

2086 

9.0 

1969 

20 

8.6 

2018 

2 

9.6 

2037 

9.8 

1990 

20 

7.9 

2014 

% 

10.9 

2038 

8.8 

1991 

28 

6.7 

2015 

9.9 

2030 

7.4 

1992 

81 

9.0 

2016 

sT 

8.2 

2040 

9.7 

1993 

18 

10.4 

2017 

.       27 

7.0 

2041 

8.8 

1994 

24 

9.0 

2018 

20 

9.3 

2042 

9.8 

1996 

53 

4.8 

2019 

8 

11.0 

2043 

6.9 

1996 

19 

8.2 

2020 

16 

6.2 

2044 

10.4 

1907 

83 

2.6 

2021 

22 

&0 

2045 

9.4 

1998 

16 

9.9 

2022 

15 

6.8 

2046 

8.2 

1999 

2 

10.7 

2023 

20 

9.8 

2047 

8.4 

2000 

2 

8.8 

2024 

26 

9.0 

2048 

8.6 

2001 

2 

9.6 

2025 

16 

9.4 

2049 

8.7 

2002 

13 

8.9 

2026 

18 

9.7 

2050 

10.5 

2006 

8 

9.6 

2027 

18 

6  6 

2051 

9.3 

2004 

12 

11.0 

2028 

15 

8.6 

2052 

10.7 

2005 

6 

10.5 

2029 

11 

9.3 

2063 

12.2 

2006 

3 

11.1 

2030 

17 

4.9 

2054 

u 

10.6 

2007 

5 

10.6 

2031 

12 

6.8 

2055 

0.9 

2006 

1| 

10.2 

2032 

12 

6.9 

2066 

H 

1L2 
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The  great  variations  which  exist,  both  in  size  and  quality  of  beets, 
are  most  strikingly  shown  by  the  above  figures.  The  variation  in  size 
extends  firom  1  to  53  ounces,  and  in  sugar  content  from  2.6  to  12.2  per 
cent.  When,  however,  it  is  considered  that  all  overgrown  and  under- 
grown  beets  are  rejected  in  taking  the  samples,  and  only  those  of 
medium  size  and  perfect  form  selected,  it  is  evident  that  the  chances 
of  the  sample  representing  fairly  the  average  of  the  whole  lot  are  very 
much  improved.  Even  granting  this,  however,  it  is  unsatisfactory  to 
depend  upon  the  analysis  of  two  or  three  samples  alone  for  determin- 
ing the  character  of  the  whole  plot.  It  is  evident,  however,  that  on 
account  of  the  nature  of  the  method  of  investigation  and  the  undesira- 
bility  of  burdening  the  mails  with  too  many  samples,  it  is  impracticable 
to  do  better  than  has  been  done  in  this  matter.  The  analyses  of  all  of 
the  samples  which  were  sent  to  the  Department  of  Agriculture  fi*om 
each  of  the  States  and  Territories  are  given  in  the  tables  which  are 
found  farther  along.  For  convenience  of  reference,  the  analyses  are 
tabulated  by  counties  in  each  case. 

The  second  method  of  collecting  data  was  through  the  cooperation 
of  the  agricultural  experiment  stations.  To  facilitate  this,  the  Secre- 
tary of  Agriculture  appointed  the  directors  of  these  stations  special 
correspondents  of  the  Department  for  distributing  the  seed  and  collect- 
ing the  beets  for  analysis.  The  analyses  were  made  by  the  chemists 
of  the  several  stations,  and  they  are  given  below,  grouped  under  the 
various  States.  Where  the  cooperation  of  the  agricultural  experiment 
stations  was  secured,  the  reports  are  given  by  the  director  or  officer  in 
charge.  Inasmuch  as  the  details  of  these  analyses  are  published  by  the 
various  stations,  including  the  names  and  residences  of  the  persons 
who  grew  the  beets,  in  the  present  report  only  the  averages  of  the 
analyses  by  counties  or  sections,  together  with  such  observations  as 
have  seemed  desirable,  are  given.  The  reports  of  the  directors  and 
other  officers  in  charge  contain  much  interesting  material,  and  in  some 
dases  are  given  without  abbreviation. 

DATA  OBTAINED  IN  THE  LABORATORY  OF  THE  DEPARTMENT  OF 

AaRIGUI.TURE. 

The  analytical  data  obtained  during  the  season  of  1897  in  the  Depart- 
ment of  Agriculture  have  been  classified  as  follows: 

The  data  obtained  from  each  State  or  Territory  collected  by  counties 
or  sections  and  the  general  average  for  each  county  are  as  follows: 

The  analytical  tables  showing  the  data  of  the  Department  samples 
contain  the  names  of  the  States  and  counties  arranged  alphabetically. 
The  name  of  each  county  is  followed  by  a  symbol  in  the  shape  of  a 
square  to  designate  the  position  of  the  county  in  the  State.  The  plain 
square  shows  that  the  county  is  situated  in  the  central  portion,  while  a 
straight  line  attached  to  the  center  of  the  top  of  the  square  shows  the 
county  is  in  the  northern  part  of  the  State;  attached  in  a  diagonal 
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direction  to  the  upper  right-hand  corner^  that  it  is  in  the  northeastern 
portion  of  the  State;  attached  to  the  center  of  the  right  side,  shows  it 
is  in  the  eastern  portion  of  the  State;  attached  to  the  lower  right-hand 
corner,  that  it  is  in  the  southeastern  portion;  attached  to  the  center  of 
the  lower  side  of  the  square,  that  it  is  in  the  southern  part;  to  the 
lower  left-hand  corner,  in  the  southwestern;  to  the  center  of  the  left- 
hand  side  of  the  square,  in  the  western  part,  and  to  the  upper  left-hand 
corner,  in  the  northwestern. 

The  tables  also  state  the  number  of  samples  received  from  each 
county,  the  average  weight  of  the  samples  in  ounces,  the  average  per 
cent  of  sugar  in  the  beet,  the  average  purity  coefficient  of  the  juice, 
and  the  maxima  and  minima  percentages  of  sugar  in  the  juice  and 
the  coefficients  of  purity. 

In  many  cases  the  quantity  of  juice  was  too  small  to  compute  the 
purity  in  the  usual  way,  and  in  others  the  low  percentage  of  sugar 
rendered  the  ascertainment  of  the  purity  unnecessary.  These  two  rea- 
sons account  for  the  omission  in  many  instances  of  the  number  express- 
ing the  purity  of  the  juice. 

CAUTIONS  BEaABDINa  THE  VALUE  OP  THE  DATA. 

It  is  highly  important  that  the  persons  using  the  analytical  data 
contained  in  the  following  tables  be  cautioned  in  regard  to  the  value 
which  should  be  attached  thereto.  It  is  evident,  in  the  first  place, 
that  samples  which  have  been  grown  in  such  a  promiscuous  way  as 
those  received  by  the  Department,  in  so  many  different  characters  of  soil, 
under  so  many  different  climatic  conditions,  and  with  such  variable 
culture,  water  supply,  and  fertilizing  materials,  must  lack  that  uni- 
formity of  value  which  should  characterize  scientific  data  in  general. 
Attention  has  already  been  called,  moreover,  to  the  fact  that  the  few 
samples  of  beets  which  have  been  sent  can  not  be  regarded  as  exactly 
representing  the  whole  mass  of  which  they  originally  formed  a  part. 
The  variations  in  individuals  are  so  great  under  practically  identical 
conditions  as  to  render  somewhat  doubtful  data  which  are  based  upon 
a  few  samples  alone.  For  instance,  in  the  comparison  of  different 
States  in  respect  of  sugar-producing  qualities,  it  may  be  that  one 
State  is  represented  by  perhaps  less  than  50  samples,  while  others  may 
have  500  or  1,000.  In  such  cases  the  average  of  the  50  samples  does 
not  in  any  way  present  such  convincing  data  as  the  average  of  1,000. 
The  greater  the  number  of  samples  examined,  the  more  nearly  will 
the  disturbing  influences  of  individuals  be  eliminated.  When  it  comes 
to  a  comparison  of  the  counties  in  the  several  States,  the  same  remarks 
are  true.  In  many  instances  a  county  may  be  represented  by  a  single 
sample.  It  may  be  that  the  sample  is  extremely  good  or  ^extremely  poor. 
In  neither  case  is  it  representative.  It  would  be  unjust,  therefore,  to 
compare  a  county  with  one  sample  with  another  from  which  50, 100,  or 
200  samples  have  been  received.    Even  in  the  averages  representing 
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the  samples  from  a  single  county  or  locality  care  mast  be  taken  not  to 
be  misled.  The  samples  may  inclade,  for  instance,  a  very  small  beet 
with  an  excessive  sugar  content,  or  a  very  large  one  with  a  deficient 
sugar  content.  In  case  only  two  or  three  samples  constitute  the  whole 
number,  the  influence  of  these  abnormal  samples  is  raised  to  a  maximum. 
As  an  illustration  of  this,  the  analysis  of  samples  from  Clinton  Oounty, 
HI.,  may  be  cited  as  a  type  of  many  others.  Three  samples  were  received 
^from  this  county,  the  average  weight  of  which  was  13  ounces,  and  the 
average  sugar  content  15.7  per  cent.  One  of  these  samples,  however, 
weighed  only  4  ounces,  and  had  the  abnormal  sugar  content  of  21.2  per 
cent.  It  is  evident,  therefore,  that  the  average  percentage  of  sugar  in 
the  three  samples  is  very  much  higher  than  it  would  have  been  had  they 
all  been  normal  in  size. 

Another  point  must  not  be  forgotten,  and  that  is,  granting  that  the 
samples  of  any  locality  are  representative,  they  represent  only  one 
season.  That  season  may  have  been  peculiarly  favorable  or  unfavorable, 
and  hence  no  section  should  be  judged  by  the  results  of  a  single  year's 
experiment.  The  reader  who  wishes  to  study  critically  the  data  which 
follow  must  take  all  these  facts  into  consideration,  and  the  judgment 
which  he  may  form  in  regard  to  any  particular  section  must  be  sub- 
ject to  the  rectifloatious  indicated  by  the  variable  factors  mentioned 
above. 
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STUDY  OF  THE  ANALYTICAL  DATA. 

In  farther  elucidation  of  the  data  contained  in  the  preceding  tables 

a  brief  discassion  of  them  for  each  State  is  appended,  sapplemented 

by  a  sammary  of  those  secared  by  the  experiment  stations  in  the 

several  States* 

Arizona. 

The  samples  from  Arizona  consist  of  one  from  Apache  Ooanty,  and 
six  from  the  agricoltnral  experiment  station  in  Pima  Goanty.  In  the 
foregoing  tables  the  averages  of  weight  are  given  to  the  nearest  oance 
to  avoid  the  fractions  of  an  oance,  which  would  necessarily  increase  the 
space  required  for  printing.  Inasmuch  as  the  weight  of  the  cut  beet  is 
so  easily  varied  by  a  slight  difference  of  the  position  of  the  knife  in  cut- 
ting, it  is  evident  that  this  method  of  estimation  is  practically  sufficient. 

In  the  analytical  data  obtained  tvom  Arizona,  as  will  be  seen  by 
referring  to  the  preceding  data,  the  mean  weight  of  the  beets  examined 
was  23  ounces  and  the  mean  percentage  of  sugar  in  the  samples  9.3. 
On  account  of  the  poor  quality  of  the  beets,  the  purity  of  the  juices  was 
not  determined.  The  highest  observed  percentage  of  sugar  in  the  beet 
was  12  and  the  lowest  7.6. 

The  following  report  of  his  investigations  and  observations  in  regard 
to  the  sugar  beets  grown  in  Arizona,  during  the  season  of  1897,  was 
made  by  Robert  H.  Forbes,  chemist  of  the  Agricultural  Experiment 
Station  of  Arizona. 

RESULTS  OF  EXPEBIMENTS  WITH  SUGAR  BEETS  IN  ARIZONA  FOR  1897. 
By  R.  H.  Forbes,  Chemist. 

Briefly  stated,  the  average  for  157  analyses  of  beets  from  all  over  the  Territory  is 
8.56  per  cent  of  sngar  in  the  juice,  with  a  parity  of  61.8.  At  first  glance  these  are 
discouraging  figures  indeed,  but  taken  as  they  stand  they  are  misleading,  and  their 
true  significance  can  only  be  gotten  at  by  examining  the  whole  series  of  analyses 
for  differences  due  to  the  effect  of  such  important  factors  as  care  and  skill  in  grow- 
ing, different  kinds  of  soil,  differences  of  climate  found  in  various  localities  and  at 
different  times  of  the  year,  and  the  variety  of  beets  planted. 

In  order  to  show  the  results  of  careful  cultivation  upon  the  quality  of  the  beets, 
I  have  divided  the  samples  received  from  Salt  River  Valley  into  three  lots. 

The  first  lot  consists  of  13  samples  grown  by  Dr.  Claflin  on  the  experimental  sub- 
station grounds  near  Phoenix.  These  beets  were  given  the  most  excellent  care. 
The  second  lot  consists  of  24  samples  obtained  from  12  growers  near  Phoenix,  Glen- 
dale,  and  Mesa.  These  beets  received  a  fair  amount  of  care  during  growth,  but  on 
the  average  were  probably  not  as  carefully  attended  to  as  Dr.  Claflin's  13  samples.  The 
third  lot  consists  of  60  samples  from  the  same  localities,  bnt  which  were  cared  for 
scarcely  at  all  excepting  for  an  occasional  irrigation.  The  results  speak  for  them- 
selves. Dr.  Claflin's  13  samples  averaged  11.23  per  cent  of  sngar  in  the  Juice  with 
a  purity  of  68.3.  The  24  cultivated  samples  from  other  growers  averaged  9.42  per 
cent  of  sugar  in  the  juice,  with  a  purity  of  66.3.  The  60  neglected  samples  gave  8.35 
per  cent  of  sugar  in  the  Juice,  with  a  purity  of  53.4. 

These  figures  confirm  the  well-known  fact  that  intelligent  and  skillful  care  is 
essential  in  beet  culture;  more  so,  I  dare  say,  than  in  the  production  of  any  other 
great  staple,  and  careless  or  ignorant  treatment  of  our  vegetable  thoioaghbMd  will 
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ineyitably  end  in  disaster.  The  sugar  beet  is  no  exception  to  the  well-known  rule 
that  plants,  which  have  been  developed  throagh  cultivation,  if  neglected  or  allowed 
to  ran  wild,  quickly  return  to  their  former  primitive  condition. 

Because  of  the  unusual  facility  with  which  the  sugar  beet  returns  to  its  former 
unprofitable  condition,  it  is  evident  that  beet  culture  is  a  high  art,  and  in  this  conn* 
try  the  more  intelligence  is  required  in  its  treatment  because  the  conditions  are  in 
many  ways  unusual,  and  the  rules  which  are  snccessAilly  applied  in  other  countries 
must  be  changed  or  modified  here. 

In  a  general  way,  however,  we  may  insist  that  deep  and  thorough  preparation  of 
the  soil,  careful  irrigation,  and  repeated  cultivations  and  hoeings  as  long  as  the 
crop  will  permit  are  no  less  essential  here  than  elsewhere. 

The  effect  of  climate  is  also  perceptible  in  our  analyses.  Samples  have  been 
received  from  St.  Johns,  St.  Joseph,  Holbrook,  Duncan,  Buckeye,  Thatcher,  Skull 
Valley,  Tombstone,  Taylor,  Fort  Thomas,  and  other  more  elevated  or  more  northerly 
points.  Almost  without  exception,  the  beets  from  these  places  were  much  above  the 
average  in  richness  and  purity.  The  richest  samples  we  have  as  yet  received  came 
from  St.  Joseph  and  contained  16.3  per  cent  of  sugar  in  the  Juice,  with  a  purity  of 
81 ;  17  samples  received  from  the  above  places  averaged  12.S7  per  cent  of  sugar  in 
the  Juice,  with  a  purity  of  75 A 

In  order  to  make  the  comparison  more  rigid,  we  select  the  Kleinwanzlebener 
variety  only  from  among  them,  and  find  that  7  samples  average  12.4  per  cent  sugar, 
with  a  purity  of  76.3,  as  against  10.22  per  cent  sugar  and  a  purity  of  67.82  for  this 
same  variety  in  Salt  River  Valley. 

Knowing  the  great  influence  of  temperature  upon  the  composition  of  the  beet,  it  is 
difficult  to  lay  these  differences  to  any  other  Cause  than  the  cooler  temperature  of 
these  higher  and  more  northerly  localities. 

It  is  a  matter  of  regret  that  arable  land  is  so  scarce  in  these  parts  of  the  Territory. 
Our  observations,  however,  may  guide  ns  m  obtaining  better  results  in  warmer 
localities, and  in  this  way:  Mpst  of  the  Salt  River  Valley  plantings  were  made  in 
March  and  April,  so  that  almost  from  the  start  the  plants  were  subject  to  the  hot 
en  mer  weather,  the  temperature  throughout  the  months  of  June,  July,  August, 
and  September  being  much  above  the  point  generally  regarded  as  most  favorable 
to  sugar  beets.  Now,  it  is  possible  that  by  planting  earlier  in  the  year  a  cooler 
temperature  maybe  secured  for  the  first  three  or  four  months  of  the  life  of  the 
plants.  Of  course  the  risk  from  frost  will  be  increased,  but  that  there  is  some  possi- 
bility of  success  in  the  plan  is  suggested  by  the  fact  that  on  June  14  we  analyzed  a 
sample  of  beets  from  Fowler  Brothers,  near  Phoenix,  which  gave  15.2  per  cent  of 
sugar  in  the  Juice,  with  a  purity  of  76.  The  seed  for  this  lot  was  planted  Feb- 
ruary 12  and  the  beets  were  probably  not  mature. 

We  can  not  safely  draw  conclusions  from  a  single  instance,  but  the  high  percentage 
and  purity  in  this  extremely  early  sample  are  suggestive  of  the  possible  advantage 
in  early  planting. 

Selecting  the  Kleinwanzlebener  beets  received  from  the  northern  places  and  com- 
paring them  with  those  obtaiiied  from  Phoenix,  Glendale,  Tempo,  and  Mesa,  in  the 
Salt  River  Valley ,  we  obtain  the  following  results: 
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The  average  mean  monthly  temperatures  for  Phoenix,  Prescott,  and  Fort  Thomas 
during  several  years  past  ore  shown  in  the  following  table.  Phoenix  is  in  the  Salt 
Biver  Valley,  Prescott  represents  the  cooler  northern  parts  of  the  Territory  from 
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which  beets  were  leceiyed,  and  Fort  Thomas  is  in  the  fertile,  irrigated  portion  of 
Qraham  Connty,  in  Sontheaatem  Arizona. 
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Finally,  as  to  the  soil,  it  is  mnch  more  difficult  to  trace  any  connection  between 
the  quality  of  beets  produced  and  the  nnmerons  varieties  of  soil,  for  which  this 
region  is  famous  and  on  which  they  have  been  grown.  Fortunately,  howeyer,  we 
have  recently  completed  the  analysis  of  a  series  of  twenty  representative  Salt  River 
Valley  soils  and  certain  general  characteristics  of  the  soils  of  this  region  have  been 
determined. 

From  a  ehemioal  point  of  view  the  following  statements  may  be  made  about  five 
of  the  most  important  soil  constituents,  viz,  potash,  lime,  nitrogen,  phosphoric  acid, 
and  humus. 

Potash  is  everywhere  present  in  abundant  quantitiea.  We  have  found  from  0.47 
to  1.96  per  cent  in  our  samples,  the  lower  figure  being  ample  for  a  fertile  soil. 

Lime  also  is  present  in  great  sufficiency,  the  samples  showing  from  0  57  to  4.2  per 
cent. 

Nitrogen,  however,  is  deficient  almost  everywhere,  the  average  for  the  series  being 
0.048  per  cent,  and  in  only  two  instances  rising  above  0.10  per  cent,  which  is  con- 
sidered to  be  a  needful  amount  to  insure  nitrogen  fertility. 

This  deficiency  probably  affects  the  richness  of  sugar  beets  less  than  it  does  their 
size.  It  is  well  known  that  an  excess  of  nitrogen  produces  beets  of  an  enormous 
size,  but  of  very  poor  quality.  In  one  instance  we  received  a  beet  weighing  5 
pounds,  which  had  been  grown  on  heavily  manured  and  abundantly  irrigated  soil. 
The  sample  gave  only  1.7  per  cent  of  sugar  in  the  Juice,  with  a  purity  of  23.  This 
result  was  probably  due,  in  part  at  least,  to  excessive  nitrogen. 

The  small  average  size  of  the  beets  received,  however,  points  to  a  poverty  of  nitro- 
gen in  the  soil  for  this  crop.  This  will  hold  for  other  crops  as  well  as  beets,  and  I 
am  told  that  in  one  case  near  here  two  neighboring  orange  orchards  were  planted, 
one  on  virgin  mesa  soil,  the  other  on  plowed  alfalfa  ground.  It  is  stated  that  the 
latter  orchard  has  prospered  far  more  than  its  neighbor.  This  was  doubtless  due  to 
the  nitrogen  which  alfalfa  and  other  leguminous  crops  contribute  to  this  soil.  In 
selecting  beet  ground,  therefore,  other  things  being  equal,  it  would  be  well  in  this 
region  to  choose  that  which  has  previously  been  in  alfalfa. 

In  support  of  this  view  I  would  state  that  Dr.  Claflin's  samples  were  grown  on 
ground  that  had  previously  been  in  alfidfa,  so  that  his  excellent  record  may  have 
been  due  in  part  to  this  cause. 

Phosphoric  acid  is  usually  present  in  sufficiency,  though  never  very  abundant. 
In  some  cases  a  serious  lack  of  phosphoric  acid  has  been  noted.  The  average  for  the 
valley  is  0. 13  per  cent.  It  is  stated  that  the  effect  of  phosphoric  acid  in  beet  culture 
is  to  increase  the  sugar  and  hasten  maturity.  It  is  supplied  to  advantage  in  connec- 
tion with  nitrogen,  this  combination  tending  to  increase  the  size  of  the  beets  and 
also  maintain  their  richness. 

This  desirable  combination  of  nitrogen  and  phosphoric  acid  is  found  in  guanos 
and  in  bone  superphosphates,  and  it  is  probable  that  the  application  of  these  fer- 
tilizers will,  so  far  as  beet  culture  is  ooncemed,  greatly  improve  the  soils  of  this 
region.  The  question  of  cost,  of  course,  enters  here,  but  it  is  one  which  must  in  any 
case  soon  be  solved.  At  Chino,  Cal.,  with  an  exceedingly  fertile  soil,  the  need  of 
conunercial  fertLLizers  is  already  felt,  after  the  lands  having  been  cropped  for  five  or 
■iz  years. 
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Bam  manure  is  of  yalne  for  beets  only  after  other  crops  have  been  grown  on  the 
land,  and  the  mannre  thereby  thoroaghly  incorporated  with  the  soil.  If  applied 
Jast  before  planting  the  beet  seed,  it  will  prove  injurious  both  to  the  stand  of  plants 
and  the  quality  of  the  product. 

Homns,  or  vegetable  matter,  is  deficient  in  all  arid  soils,  our  own  among  the 
number.  Hnmns  and  lime  are  valuable  largely  because  they  impart  better  tilling 
qnalities  to  the  soil,  give  it  greater  water-holding  power,  and  lessen  the  tendency  to 
hardness  when  dry.  Humus  results  tiom  bam  manure,  and  the  application  of  this 
material  with  suitable  precautions  should  be  beneficial. 

As  to  alkali  and  its  effect  upon  beets,  it  may  be  said  that  when  the  plants  are  once 
established  in  thrifty  growth  they  will  stand  more  alkali  than  most  other  crops.  It 
has  been  observed  also  at  Chino  that  the  quality  of  the  beets  is  not  impaired  by 
alkaline  ground.  It  is  probable,  however,  as  a  matter  of  opinion,  that  yoong  plants 
are  injured  by  the  crust  formed  on  the  surface  of  the  soil  through  the  action  of  alkali, 
and  this  may  account  in  part  for  the  exceedingly  poor  stand  of  plants  obtained  in 
most  of  the  experiments  this  year.  Almost  without  exception,  the  reports  state  that 
the  seed  did  not  come  up  well  or  that  the  young  plants  died.  This  difficulty  may 
possibly  be  overcome  by  planting  earlier  in  the  year,  by  using  more  and  better  seed, 
and  by  taking  more  care  to  keep  the  surface  soil  loose  during  the  germination  of 
the  seed  and  the  first  weeks  of  plant  growth.  Salt  River  Valley  is  not  excessively 
alkaline;  much  less  so,  it  is  stated,  than  the  Pecos  Valley  in  New  Mexico,  where  beet 
culture  is  now  attempted. 

So  much  for  the  result  of  one  season's  experimental  work.  The  lessons  we  have 
learned  are:  (1)  That  here  as  elsewhere  sugar  beets  must  be  grown  with  the  utmost 
care;  (2)  that  the  cooler  portions  of  the  Territory,  so  far  as  observed,  produce 
better  beets  than  the  warmer  localities,  and  that  experiments  should  be  made  as  to 
what  early  planting  will  do  in  these  warmer  localities;  (3)  that  the  Kleinwanzle- 
bener  variety,  so  far  as  yet  known,  yields  the  best  results  in  Arizona;  and  (4)  that 
the  soils  of  the  valley  stand  in  need  of  nitrogen  and  organic  matter,  possibly  phos- 
phoric acid  also,  and  that  previous  occupation  of  the  ground  with  alfalfa  or  other 
means  of  fertilization  should  be  secured. 

Though  many  of  the  results  are  unfavorable,  the  occasional  successes  that  have 
been  secured  show  that  there  is  ample  reason  for  a  continuance  of  the  work. 

If,  daring  the  next  year,  a  half  dozen  first-class  farmers  of  this  valley  will  each 
put  in  an  acre  of  Eleinwanzelebener  beets  early  in  the  year,  on  ground  that  has  been 
in  alfalfa,  and  will  oare  for  them  as  they  ought  to  be  cared  for,  I  believe  that  we 
may  have  something  much  more  favorable  to  report  on  this  subject. 

Further  details  of  the  above  experiments  with  beets  are  published  in 
Bulletin  No.  26  of  the  Arizona  experiment  station,  issued  in  December, 
1897. 

The  poor  results  obtained  in  Arizona  are  somewhat  surprising, 
although  in  general  it  may  be  said  that  the  climate  of  Arizona  is  too 
warm  for  securing  the  best  results.  The  remarks  made  by  Mr.  Forbes 
in  regard  to  careful  culture  should  be  given  due  consideration.  The 
probabilities  are,  however,  that  inasmuch  as  the  beets  in  Arizona  were 
all  grown  with  irrigation,  the  application  of  the  water  was  of  such 
a  character  as  to  prevent,  in  some  respects,  the  development  of  the 
highest  saccharine  content.  It  may  be  remarked  in  general,  in  regard 
to  the  beets  grown  with  irrigation,  that  much  is  yet  to  be  learned  in 
regard  to  the  manner  of  supplying  the  water,  the  time  at  which  it  is  to 
be  applied,  and  the  quantity  which  is  to  be  used.  It  would  be  expected 
that  the  ideal  conditions  of  moisture  could  be  secured  by  irrigation, 
and  yet  in  practice  the  results  have  not  been  the  most  encoun^ng. 
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ThiR  has  been  true  in  regard  to  the  growth  of  beets  in  Utah  and  New 
Mexico  ander  irrigation.  There  is  no  factor  connected  with  the  sogar- 
beet  indostry  which  is  of  more  practical  interest  than  a  carefdl  stady 
of  the  conditions  under  which  irrigated  beets  shonld  be  grown.  The 
fertile  soils  of  the  arid  regions  are  undoubtedly  able  to  produce  large 
crops  of  beets  under  irrigation,  when  the  proper  conditions  are  under- 
stood. Complaints  have  also  been  made  in  respect  of  the  effects  of 
alkali  upon  beets  in  these  soils,  and  also  of  insect  pests.  It  is  impor- 
tant that  a  study  be  made  of  the  bacteria*,  molds,  and  insect  x>^ts  of 
sugar  beets,  together  with  the  effects  of  the  alkali.  After  allowing  for 
all  these  conditions,  however,  it  must  be  confessed  that  the  Arizona 
data  are  somewhat  disappointing,  and  unless  great  improvement  can 
be  made  there  is  little  prospect  of  the  industry  being*established  on  a 
secure  foundation  in  that  region. 

Abkansas. 

Arkansas  lies  so  far  south  of  the  beet  belt  as  to  make  a  discussion 
of  the  possibilities  of  beet  growing  in  that  vicinity  unnecessary.  Only 
two  samples  were  received  from  the  State,  and  as  might  be  expected, 
these  do  not  show  any  very  favorable  qualities.  A  few  general  remarks 
may  be  made  about  growing  beets  in  warmer  climates  than  those  best 
suited  to  obtaining  the  highest  grade  of  beets,  namely: 

First,  that  it  is  quite  possible  to  get  fine  harvests  of  beets  with 
favorable  tonnage  per  acre, 

Second,  that  it  is  possible  to  grow  beets  containing  quantities  of 
sugar  which  would  have  made  them  valuable  for  manufacturing  pur- 
poses several  years  ago,  before  the  beet  reached  its  present  high  state 
of  development,  and 

Third,  that  such  beets  could  probably  be  grown  with  great  profit  for 
stock-feeding  purposes  in  all  these  localities.  The  full  value  of  the 
beet  and  beet  pulp  will  be  discussed  in  a  separate  portion  of  this  report. 

The  average  weight  of  the  two  samples  received  from  Arkansas  was 
.18  ounces^  and  the  average  content  of  sugar  in  the  beet  11.3  per  cent. 

California. 

California  is  recognized  as  the  principal  beet  sugar  producing  State 
in  the  Union.  Only  one  sample  of  beets  was  received  from  this 
State,  and  it  had  a  weight  of  26  ounces  and  contained  16.8  per  cent 
of  sugar.  All  of  the  coast  valleys  of  California  are  favorably  situated, 
in  respect  of  temperature,  for  the  production  of  sugar  beets,  and  the 
same  may  be  said  of  certain  lands,  the  limits  of  which  are  not  yet  well 
defined,  in  other  parts  of  the  State.  Even  in  the  Sacramento  Valley,  as 
far  inland  as  the  point  of  junction  with  the  San  Joaquin  River,  where 
the  temperature  is  higher  than  that  considered  best  for  beets,  it  has 
been  found  that  good  beets  can  be  grown.  In  experiments  conducted 
on  Fnion  Island,  near  Stockton,  Cal.,  during  the  years  1884-85,  under 
direction  of  the  chief  chemist  of  the  Department  of  Agriculture^  very 
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encouraging  resnits  were  obtained,  both  in  the  quantity  and  the  char- 
acter of  the  beets  prodaced.  These  beets  were  grown  apon  the  reclaimed 
lands  of  the  delta  of  the  San  Joaquin  at  its  junction  with  tbe  Sacra- 
mento River.  The  lands  were  protected  from  overflow  by  strong  levees, 
but  the  conditions^  were  not  theoretically  the  most  favorable  for  the 
production  of  high-grade  beets. 

Unfortunately,  however,  large  portions  of  the  coast  lands,  by  reason 
of  their  contour,  are  not  well  suited  to  the  cultivation  of  beets.  On 
page  90  of  Bulletin  No.  5  of  the  Division  of  Chemistry,  published  in 
1885,  the  following  observation  is  made:  <^In  the  interior  and  eastern 
divisions  of  California  only  the  high  Sierra  regions  have  a  temperature 
loV  enough  for  beets,  and  in  that  locality  there  is  no  land  adapted  to  beet 
culture.  The  beet  region  of  California,  therefore,  is  confined  to  the  coast 
valleys."  This  statement  may  have  to  be  modified  to  some  extent  by 
reason  of  the  data  mentioned  above  from  Union  Island.  These  obser- 
vations are  corroborated  by  the  analyses  made  by  Director  Hilgard, 
during  1897,  of  beets  grown  in  Sacramento  County.  This  locality  adjoins 
Union  Island,  where  the  experiments  conducted  by  the  Department  of 
Agriculture  were  made.  The  average  size  of  the  beets  examined  by 
Director  Hilgard  was  satisfactory,  and  the  content  of  sugar  in  the  beets 
was  a  little  over  16  per  cent,  with  a  high  purity  reaching  almost  85  for 
a  whole  series  of  analyses.  These  data,  show  that  in  the  Sacramento 
Valley,  at  least  where  the  temperature  is  somewhat  higher  than  that 
regarded  as  most  favorable,  beets  of  fine  sugar-producing  qualities  can 
be  grown.  After  a  careful  personal  study  of  the  climatic  and  soil  con- 
ditions in  California,  made  in  1884,  it  is  stated  on  page  100  of  Bulletin 
'So.  5  of  the  Division  of  Chemistry  that  there  are  in  California  about 
5,830  square  miles  of  land  suitable  to  beet  culture,  provided  the  whole 
of  it  could  be  supplied  with  a  sufficient  quantity  of  water.  Even  if  only 
one-third  of  this  area  should  be  found  eventually  fit  for  the  culture  of 
beets,  it  would  be  possible  for  the  State  of  California  alone  to  produce 
nearly  500,000  tons  of  beet  sugar  and  still  practice  a  proper  rotation  of 
crops.  In  view  of  the  fact  tliat  the  beet-sugar  industry  has  been  so 
carefully  studied  in  California,  both  by  the  agricultural  experiment 
station  and  by  those  engaged  in  the  manufacture  of  sugar,  It  is  not 
necessary  here  to  dwell  further  upon  the  possibilities  of  its  extension 
in  that  State. 

Colorado. 

The  number  of  samples  received  from  the  State  of  Colorado  at  the 
Department  of  Agriculture  was  174.  The  average  weight  of  the  beets 
received  was  20  ounces,  the  mean  percentage  of  sugar  in  the  beet 
13.6,  and  the  mean  purity  76.7.  The  conditions  which  obtain  in  Colo- 
rado are  so  different  from  those  of  the  Eastern  States  as  to  warrant  a 
detailed  discussion  of  the  data.  This,  however,  in  the  present  condition 
of  affairs,  would  be  somewhat  premature.  It  is  advisable  to  wait  until 
a  more  thorough  agricultural  survey  of  the  State  be  made,  under  the 
immediate  supervision  of  the  agricultural  experiment  station.    When 
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the  analytical  table  of  the  data  received  from  Colorado  is  cousnlted,  it 
is  seen  that  most  remarkable  differences  exist  in  the  returns  from  the 
different  counties.  Since  in  most  cases  only  a  very  few  samples  have 
been  received  from  any  given  county,  it  is  not  fair  to  make  any  judgment 
of  the  possibilities  of  any  one. county  from  data  of  sp  limited  a  nature. 
The  great  variations  in  altitude  in  the  State,  causing  sharp  differences 
of  temperature,  must  also  be  taken  into  consideration.  In  addition  to 
this,  it  is  fair  to  presume  that  the  samples  have  all  been  grown  under 
irrigation,  and  it  is  impossible,  in  such  data  as  are  collected  from  the 
farmers,  to  determine  with  any  certainty  what  the  proper  conduct  of 
the  irrigation  should  be.  In  general,  the  data  are  entirely  satisfactory, 
especially  in  respect  of  content  of  sugar.  As  regards  the  mean  purity 
of  the  juices,  the  data  are  somewhat  ufisatisfactory,  since  it  falls  more 
than  three  points  below  the  minimum  of  good  beets.  This  may  be  due 
to  the  great  amount  of  mineral  salts  which  the  soils  of  Colorado  contain, 
and  to  the  well-known  property  of  the  sugar  beet  of  absorbing  these 
salts  from  the  soil.  For  this  reason,  it  may  be  suggested  that  in  many 
cases  cultivation  of  the  sugar  beet  could  be  advantageously  practiced, 
not  alone  on  account  of  the  profit  in  the  beet  itself,  but  because  of  the 
improvement  in  the  soil  which  would  result  from  the  extraction  of  the 
alkaline  materials.  Among  the  counties  where  the  samples  have  been 
somewhat  numerous  and  the  results  most  encouraging  maybe  men- 
tioned Boulder,  lying  to  the  northwest  of  Denver  and  mostly  within  the 
favorable  thermal  area,  where  the  average  content  of  sugar  in  the  beet 
was  over  15,  and  the  purity  nearly  81.  This  most  favorable  result  was 
obtained  with  exceptionally  large  beets,  the  average  weight  of  which 
was  31  ounces.  This  fact  makes  the  data  even  more  valuable  and 
suggestive. 

Another  county  where  the  data  were  extremely  favorable,  although 
the  number  of  samples  was  only  two,  is  Delta,  a  county  lying  within 
the  theoretical  thermal  area,  and  where  the  average  size  of  the  samples 
was  20  ounces,  the  average  content  of  sugar  over  17,  and  the  purity  80.5. 

Another  favorable  result  may  be  reported  from  Garfield  County, 
although  the  average  size  of  the  beets  is  a  little  low.  The  mean  per- 
centage of  sugar  in  the  beets  was  16.6,  and  the  purity  83.2.  This 
county  also  lies  mostly  in  the  thermal  belt. 

In  contrast  with  the  above  should  be  cited  the  returns  from  Logan 
County,  showing  not  only  small  beets,  but  exceptionally  low  contents 
of  sugar  and  purities.  Logan  County,  nevertheless,  is  contained  almost 
wholly  within  the  thermal  belt,  which  is  most  favorable  to  the  growth 
of  beets.  The  poor  results  obtained  must  therefore  be  due  to  causes 
which  are  not  made  known. 

Upon  the  whole,  the  data  from  Colorado  are  exceedingly  encouraging 
and  lead  to  the  belief  that  there  are  many  parts  of  that  State  where, 
with  proper  conditions  of  tillage  and  irrigation,  the  sugar  beet  industry 
may  be  established  with  profit. 

In  connection  with  the  work  done  by  the  Department  of  Agriculturei 
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it  is  interesting  to  consider  the  report  of  the  director  and  chemist  of 
the  agricnltoraJ  exx)eriment  station  of  Colorado  at  Fort  Collins: 

BKIEF    REPORTS    REGARDING    SUGAR    BEET    EXPERIMENTS    FOR    THE    YEAR    1897,    AT 
THE  COLORADO  STATE  AGRICULTURAL  COLLEGE. 

I  Chemical  MoHan. 

The  work  of  the  ohemioal  department  on  sngar  beets  can  be  Bammarized  briefly 
as  follows: 

We  began  taking  weekly  samples  on  September  2.  The  varieties  represented  were 
Vilmorin,  two  plots;  Klein wanzlebener,  two  plots;  Leon  Brand, '  one  plot;  and 
Imperial,  one  plot.  The  amoont  of  sngar  in  the  beets  was  determined  from  week  to 
week.  We  did  not  find  a  very  rapid  increase  as  the  season  advanced  until  the  beets 
approached  maturity,  when  we  observed  a  sudden  increase  of  about  8.5  per  cent. 
Our  samples  varied  greatly  in  their  sugar  content,  but  agreed  in  indicating  that  the 
crop  in  this  country  was  not  sufficiently  matured  to  yield  marketable  beets  before 
the  middle  of  October.  The  average  of  the  beets  analyzed  subsequent  to  this  date, 
debarring  one  lot,  the  most  of  which  were  grown  under  unfavorable  conditions,  and 
a  few  samples  which  were  clearly  unmarketable  beets,  is  14  per  cent,  the  range 
being  from  10  per  cent  to  18.25  per  cent  of  sugar.  The  coefficient  of  purity  has 
ranged  from  70  to  89,  and  has  averaged  80.7.  We  believe  the  average  percentage  of 
sngar  given  to  be  high  enough,  but  the  coefficient  of  purity — 80.7— is  lower  than  the 
actual  coefficient  rather  than  higher.* 

Respectfully  submitted.  William  P.  Headden, 

Station  Chemist. 


Agricultural  $eoUon, 
(Prom  Report  of  the  Director.) 

In  a  general  way  it  can  be  said  that  the  results  of  this  season's  work  are  very  favor- 
able to  the  establishment  of  the  beet-sugar  industry  in  Colorado.  The  following 
figures  are  to  be  Judged  in  the  light  of  the  statements  that  come  from  all  the  beet- 
sngar  manufacturing  States  of  the  Union,  that  the  season  of  1897  was  especially 
unfavorable  to  the  industry.  If  in  this  poor  year  Colorado  can  make  such  a  good 
showing,  what  may  we  expect  of  her  in  ordinary  or  favorable  years f 

The  above  report  of  the  chemist  of  our  Experiment  Station  gives  the  figures  for 
the  beets  raised  on  the  College  Farm.  Bat  few  analyses  were  made  here  of  beets 
raised  elsewhere,  since  the  failure  to  get  into  our  new  chemical  building  last  fall  left 
the  Chemical  Department  in  poor  shape  for  doing  much  outside  work. 

Practically  all  the  ahalyses  of  Colorado  beets  not  grown  at  Fort  Collins  were 
made  in  the  Chemistry  Division  of  the  Department  of  Agriculture  at  Washington. 
It  has  seemed  best  to  give  here  merely  a  summary  with  reference  to  our  local 
conditions. 

For  the  purpose  of  sugar-beet  raising  Colorado  may  be  divided  into  five  sections: 

(1)  The  valley  of  the  Sonth  Platte  and  its  tributaries. 

v2)  The  divide  south  of  Denver,  and  the  plains  region  where  beets  are  grown  with- 
out irrigation. 

(3)  The  valley  of  the  Arkansas  River. 

(4)  The  valley  of  the  Grand  River. 

(5)  The  San  Luis  Valley. 

All  these,  except  the  second,  use  irrigation.  There  are  two  features  of  the  raising 
of  sugar  beets  that  require  special  study — namely,  the  quality  of  the  beets  when 
they  are  ripe  and  the  time  of  the  year  when  they  reach  that  degree  of  ripeness.    The 


1  This  variety  is  unknown  to  me.— H.  W.  W. 

'It  is  not  clear  what  is  meant  by  this  expression. — ^H.  W.  W. 
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earlier  in  the  season  they  reach  a  profitable  degree  of  sugar  and  purity  the  longer 
season  the  factory  will  have  to  manufacture  the  crop,  and  the  larger  the  amount  of 
crop  that  can  be  handled  by  a  factory  of  a  given  size. 

Many  tests  were  made  of  sugar  beets  dug  in  September,  but  only  a  few  showed 
beets  suited  for  use  in  sugar  making.  Nevertheless,  the  fact  that  a  few  samples, 
even  by  September  18,  exceeded  12  per  cent  sugar  and  a  parity  of  80,  shows  that 
when  our  farmers  are  more  used  to  growing  sugar  beets  they  can  bring  them  to 
maturity  several  days,  and  probably  two  weeks,  earlier  than  the  average  crop  of 
1897.    With  the  first  days  of  October  the  crops  ripened  rapidly. 

The  following  table  presents  a  summary  of  the  season  of  1897,  with  reference  to 
the  quality  of  the  beets,  and  the  time  of  ripening  in  different  parts  of  Colorado : 


Section  of  St«». 

Samples  dng  be- 
tween Oct.  1  and  10. 

Samples  duf;  be- 
tweenOot.l0andl5. 

Samples  dug  after 

Sugar. 

Purity  oo- 
effioient. 

Sugar. 

Purity  co- 
efficient. 

Sugar. 

Purity  co- 
efficient. 

The  vallev  of  the  Sonth  Platte 

PereenL 
14.1 
12.5 

80.7 
73.7 

PereenL 
14.0 
15.1 
13.1 

81.1 
80.6 
77.9 

PereenL 
15.4 
14.8 
15.3 

81  1 

The  divide  and  the  plains 

78  S 

The  valley  of  the  Arkansaa 

81.9 

The  valley  of  the  Qrand 

18. 3 
13.7 

83. « 
70.2 

The  San  Luis  VaJloy 

12.4 

78.5 

14. 8  '            f^  3 

Idaho. 

The  number  of  samples  received  at  this  laboratory  from  the  State  of 
Idaho  was  only  seven,  representing  two  counties.  The  average  weight 
of  the  beets  received  was  21  ounces,  the  average  content  of  sugar  therein 
15.5  per  cent,  and  the  average  purity  79.4.  Both  in  respect  of  size  of 
the  beets  and  content  of  sugar  the  results  are  very  encouraging.  The 
average  coefficient  of  purity  is  almost  up  to  the  minimum  standard,  and 
doubtless  could  be  improved  later  on.  The  alkalinity  of  the  soil,  which 
has  been  mentioned  in  connection  with  the  lowering  of  the  average  in 
Colorado,  is  doubtless  active  in  Idaho.  There  are  large  areas  in  Idaho 
where  the  thermal  conditions  are  favorable,  but  they  are  detached 
from  the  main  thermal  belt  crossing  the  continent.  There  are  two 
centers  of  thermal  conditions  in  Idaho  which  serve  as  nuclei  for  deter- 
mining the  conditions  most  favorable.  One  of  these  lies  almost  wholly 
in  the  State,  and  Boise  City  may  be  regarded  as  the  center  of  it,  and 
the  other  extends  into  the  western  and  northern  part  of  the  State  from 
the  State  of  Washington.  In  general,  it  may  be  said  that  the  thermal 
conditions  in  Idaho,  if  they  alone  are  to  be  considered,  are  sufficiently 
favorable  for  the  culture  of  the  beet,  in  so  far  as  the  growing  season  is 
concerned.  The  data  obtained,  while  meager,  are  sufficiently  encour- 
aging to  warrant  a  more  thorough  survey  of  the  State,  and  also  the 
belief  that  the  conditions  for  the  successful  establishment  of  the  sugar 
industry  may  be  found  wherever  the  character  of  the  soil,  in  respect  of 
contour  and  fertility,  and  the  facilities  for  irrigation  and  other  factors 
favorable  to  the  growth  of  the  sugar  beet  and  the  manufacture  of 
sugar  can  be  secured.  The  report  of  the  chemist  of  the  station  contains 
much  valuable  information  in  respect  of  the  sugar-beet  industry  in  the 
State  of  Idaho,  and  is  herewith  appended : 
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RB8ULTS  OF  EXPERIMENTS  IN  IDAHO. 

In  the  first  place,  the  reBults  of  the  past  season  are  qaite  disappointing  and  nnsat- 
isfactory,  dne  to  several  causes  i^hioh  will  be  eliminated  largely  in  the  experiments 
of  next  year. 

The  climatic  conditions  of  Idaho  are  qnite  varied,  the  growing  season  opening 
several  weeks  earlier  in  South  Idaho,  along  the  Snake  River  and  in  the  Boise  Basin, 
than  along  the  Clearwater  or  in  North  Idaho.  The  seed  furnished  gratis  to  this 
station  by  the  Department  of  Agriculture  arrived  late,  and  before  it  could  be  dis- 
tributed— ^May  4  to  June  2 — the  season  was  well  advanced,  hence  the  seed  that  was 
planted  either  failed  of  germination,  or  the  young  plants  were  killed  by  severe 
climatic  changes  of  heat  and  drought,  or  of  cold  and  wet  soil,  which  latter  condition 
prevailed  in  the  Palonse  region.  Much  of  the  seed  sown  in  our  station  plats  failed 
to  grow.  The  stand  was  irregular,  weak,  and  of  poor  quality,  so  that  the  tonnage  per 
acre  could  not  be  estimated  with  any  degree  of  reliability.  It  is  therefore  omitted 
from  the  tables. 

Seed  was  mailed  to  114  farmers,  representing  41  differeilt  sections  of  the  State, 
yet  samples  of  beets  for  analysis  were  received  at  this  Department  from  only  20 
fanners,  representing  13  localities.  This  apparent  apathy  on  the  part  of  our  farmer 
friends  is  explainable  in  part.  In  many  cases  the  seed  did  not  reach  its  destination, 
or  when  planted  it  failed  to  germinate,  or  the  young  plants  were  destroyed  by  insects 
or  jack  rabbits.  In  a  few  oases  there  was  not  sufficient  interest  manifested  in  the 
experiment  to  induce  proper  cultivation  of  the  young  plants,  therefore  no  samples 
worthy  of  shipment  were  grown. 

Sugar-beet  growing  is  a  new  industry  to  the  American  farmer,  and  he  has  yet  to 
learn  that  the  ordinary  farm  methods  are  not  always  applicable  and  sufficient  to 
grow  and  mature  a  typical  sugar  beet.  The  Idaho  rancher  is  not  an  exception.  He 
has  yet  to  learn  the  value  of  intensive  methods,  from  the  preparation  of  the  seed 
bed  to  the  marketing  of  his  crop.  The  neglect  to  plow  deeply,  to  pulverize  finely, 
to  place  the  seed  with  care,  to  thin  the  plants  Judiciously,  to  cut  out  the  weeds, 
withal  to  cultivate  and  hoe  the  growing  plants  regularly,  resulted  in  partial  or 
entire  failure  of  the  experiment.  The  sugar  beet  is  a  thoroughbred,  and  must  be 
given  care  in  keeping  with  its  regal  characteristics  if  high  sugar  content  and  purity 
are  to  be  attained.  The  successful  sugar-beet  grower  has  leame<l  that  the  sucrose  is 
practically  hoed  into  the  root.  This  knowledge  and  its  application  our  farmers 
evidently  were  not  in  possession  of,  or  the  number  of  samples  forwarded  would  have 
been  greatly  augmented.  It  is  a  matter  of  education,  however,  which  will  be 
overcome  in  time  by  the  dissemination  of  information  through  the  press,  the  station 
bulletin,  and  closer  competition  induced  by  immigration  from  older  States,  where 
better  methods  of  farming  prevail. 

The  41  samples  analyzed  averaged  in  sugar  content  15.17  per  cent;  in  purity,  d7.55. 
The  20  samples  grown  by  the  Station  gave  in  sugar  15  28  per  cent;  in  purity,  92.55. 
The  21  samples  grown  elsewhere  averaged  15.07  per  cent  of  sugar,  and  82.78  in  purity. 
The  highest  and  lowest  results  gave  19  and  10.2  per  cent  in  sugar;  and  95.10  and 
81.81  purity,  respectively. 

OTHER  SUGAR  BEET  DATA  NOT  HITHERTO   GIVEN  TO  THE   GENERAL  PUBLIC. 

During  the  fall  of  1894,  192  analyses  of  sugar  beets  were  made  by  the  Station, 
which  gave  an  average  of  13.7  per  cent  of  sugar  and  a  purity  of  76.08  degrees.  Some 
of  the  samples  were  large,  others  had  been  frozen,  still  others  were  immature,  while 
a  few  varieties  were  not  at  all  adapted  to  our  soil  and  climate.  ThiH  reduced  an 
otherwise  much  higher  average.  Excluding  about  20  samples,  the  remainder,  55 
samples  of  Yilmorin's  Improved  gave  an  average  of  11.77  i»er  cent  of  sugar  and  a 
purity  of  75.55  degrees. 

Forty-four  samples  of  Kleinwanzlebener  beets  averaged  14.16  per  cent  of  sugar 
with  a  purity  of  82.80. 

Thirty  sam]»leH  of  Imperial  averaged  in  sugar  14.1  per  cent,  in  purity,  85.42. 
H.  Doc.  396 5  P r.r^aIo 
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Ten  samples  of  French  Red  Top  gave  an  average  of  13.65  per  cent  of  sngar  with  a 
purity  of  82.70. 

The  average  of  10  samples  of  Lane's  was  13.44  per  cent  of  sugar  with  a  purity  of 
81.69. 

Eight  samples  of  New  Danish  gave  an  average  of  13.83  per  cent  of  sngar  and  a 
purity  of  81.81. 

The  highest  and  lowest  percentages  of  sngar  in  each  variety  were  as  follows : 


Variety. 

Highest.'  Lowest. 

Vilmorin'a 

Per  cent.   Per  cent. 
16.6  1            14.4 
10  6              14  6 

Kleinwantlebener 

Mette 

18. 4              14  6 

Imperial 

16. 2              10. 6 

Lane's 

16.7  '            10.6 

Ked  Top .               

15.9              10  7 

Danish 

15. 2              10. 8 

The  places  represented  in  tht^  experiment  were  the  University  of  Idaho,  C<Enr 
d'Aleiie,  Sand  Point,  Moscow,  Kendrick,  Leuville,  Princeton,  Cornwall,  Genesee, 
substation  at  Grangeville,  HiibBtation  at  Idaho  Falls,  substation  at  Nampa. 

The  average  yield  throughout  the  State  was  estimated  at  20  tons  per  acre.' 

ANALYSES  OF  BEETS  GROWN  IN  1885. 

The  experiments  in  sugar  beets  for  1895  were  covered  by  342  analyses  of  beets 
grown  by  the  University  of  Idahb  and  by  farmers  residing  near  Grangeville,  Nampa. 
Moscow,  Weippe,  Vollmer,  Palouse,  Spokane  Bridge,  Westlake,  Starner,  Newport, 
Salmonn,  and  I'aris. 

The  average  sugar  content  of  the  crop  was  15.19  per  cent;  coefficient  of  purity, 
79.91.  In  the  analyses  were  included  15  samples  of  red  or  table' beets.  These  1.^ 
contained  an  average  of  13.75  per  cent  of  sugar  in  the  juice  and  a  coefficient  of 
purity  of  75.57. 

Several  aualyses  were  made  for  the  purpose  of  determining  what  bearing,  if  any, 
the  size  of  the  sample  beet  had  upon  the  Hu<j^ar  content  and  purity.  Among  others 
I  select  four  varieties,  and  submit  the  results  without  comment: 

VILMORIN'S  IMPROVED. 


Size. 

Weight. 

Sugar  in 
beet. 

!  Per  cent. 

1        14.02 

1        14.31 

14.07 

Purity  co- 
efficient. 

Oiificet. 

21.4 

15.2 

7.8 

70.  M 

2   Mofliiim                .     . 

81.26 

3   Small          

78.58 

FLORIMOND  DESPREZ. 

1    Larffe 

28.7 
16.5 
10.7 

14.35 
14.46 
14.10 

83.86 

2*  MMlitiin' 

84.00 

3   Small             

80.25 

LANE'S  IMPERIAL. 

24.1 
13.3 
8.0 

13.62 
13.60 
13.38 

80.92 

2    MfHTiiim                

82.17 

3   Small                 .*.  

82.07 

EXEINWANZLEBENER. 

1     T.arirA 

26.0 
17.0 
13.0 

14.00 
14.06 
13.74 

84.13 

2    MAtfinm 



84.72 

3    Small 



83.93 

1  Thia  estimate,  as  is  usoal  in  such  cases,  is  doubtless  too  high.— H.  W.  W. 
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ANALYSES  OF  BEETS  GROWN  IK  1896. 

The  work  of  the  year  was  confined  very  largely  to  the  station,  and  consisted  of  a 
special  effort  in  the  way  of  growing  typical  sugar  beets.  The  effect  of  deep  and 
shallow  plowing,  regular  cultivation,  fertilization,  and  irrigation,  as  compared  with 
the  average  treatment  given  the  root  under  natural  conditions  as  to  soil,  moisture, 
and  cultivation,  was  noted.  The  seed  bed  was  prepared  and  the  seed  sown  from  the 
21st  to  the  30th  of  May.  Very  heavy  rains  prevailed  on  June  5  and  again  on  June 
9.  All  of  the  seed  had  germinated  by  June  11.  The  average  per  cent  of  st-and 
June  5  was  10.7;  June  24  it  was  29;  one  month  later  it  had  reached  61.8  per  cent. 
The  crop  was  harvested  and  analyzed  during  October.  The  number  of  analyses 
made  was  60;  the  per  cent  of  sucrose  iu  juice  was  14.18;  coefficient  of  purity,  77.30; 
yield  per  acre,  48,510  pounds. 

The  sugar-beet  experiments  connected,  with  this  station  daring  1894,  1895,  1896, 
and  the  inauguration  of  the  work  of  1897  were  under  the  direction  and  control  of  the 
Agricultural  Department,  the  chemist  being  responsible  only  for  the  analytical  data. 
In  July,  1897,  under  the  redistribution  of  the  powers  of  the  station  staff,  the  rather 
nnsatisfactory  data  thus  collected  were  assigned  to  the  chemical  department  for 
compilation  and  publication,  together  with  the  power  of  supervision  of  such  experi- 
ments in  the  future. 

METEOROLOGICAL  RECORD. 


The  better  to  understand  the  possibilities  of  the  sngar-beet  industry  in  the  Palonse 
country  of  Idaho,  as  well  as  other  experiments  that  may  hereafter  be  undertaken  by 
the  station  upon  the  "university  farm,"  the  following  meteorological  data  are  included 
in  this  report.  We  are  under  obligations  to  Prof.  J.  £.  Bonobright,  meteorologist  of 
the  station,  for  the  results  tabulated : 

Table  11. — Meteorological  record  for  Moscow. 


Month. 

Maxi- 
mum tem- 
perature. 

76.0 
86.0 
84.0 
93.0 
96.0 
85.0 
74.0 

76.0 
81.0 
96.0 
92.0 
94.0 
84.0 
74.0 

68.0 
84.0 
92.0 
97.0 
93.0 
85.0 
76.0 

63.1 
78.8 
65.6 
82.0 
81.8 
69.9 
66.4 

Mini- 
mum torn 
perature. 

Average 
tempera- 
ture. 

0 

47.40 
57.40 
62.00 
78.00 
70.50 
58.80 
40.40 

48.10 
6L90 
59.40 
72.70 
74.50 
49.80 
46.10 

42.53 
46.50 
61.10 
70.41 
67.17 
54.65 
46.33 

49.70 

Humid- 
ity. 

Per  cent. 
76.0 
63.0 
74.0 
65.0 
46.0 
72.0 
85.0 

70.0 
68.0 
52.0 
.       38.0 
47.0 
70.0 
72.0 

Rainfall. 

IneheM. 

L38 

L53 

1.23 

.12 

.25 

.89 

3.70 

1.30 

2.17 

.41 

.90 

.32 

3.33 

Trace. 

.57 
3.60 
2.21 

.17 
1.33 

.81 
L07 

.40 
L20 
2.72 
.85 
.35 
1.67 
LIO 

8 
7 
3 
2 
3 
2 
9 

5 
2 

Days 
clear. 

Days 
cloudy. 

1894. 
AdtII 

o 
25.0 
30.0 
32.0 
40.0 
34.0 
32.0 
28.0 

26.0 
30.0 
33.0 
41.0 
33.0 
28.0 
21.0 

26.0 
3L0 
34.0 
14.0 
38.0 
30.0 
28.0 

36.5 
88.8 
46.0 
48.5 
46.4 
38.4 
36.4 

7 
15 
19 
29 
26 
25 

9 

12 
22 

15 

Miy.                    '             . 

9 

■="*J 

Jnn6 

8 

July   

0 

August 

2 

Seplomber 

3 

October 

13 

1896. 
Anril    

13 

mSv   ::;::::::!:::::::: 

7 

Juno                         ... 

July 

........ 

1 

I 

2 

12 
4 
0 
0 
0 
0 
2 

0 
0 
0 
0 
0 
0 
3 

29 
26 
20 
27 

10 
13 
30 
30 
26 
22 
17 

19 
21 
25 
26 
30 
22 

1 

A  ncrnat           ,..    _    .^ 

2 

SoDtembor 

8 

Octobor 

2 

1896. 
Anril...                 

8 

m5?.    : ;::: 

85.5 
6L7 
55.6 
55.4 
72.2 

14 

^aj 

June 

0 

July 

1 

August 

5 

Soptembor 

8 

Octobor 

12 

1897. 

Anril 

72.2 

11 

mSt                        .      . 

10 

Juno 

53.80 
70.00 
71.50 
59.20 

77.4 
45.4 
40.3 
77.6 

5 

July 

5 

Anenst 

1 

Soi^mbor 

8 

October  

6 
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Illinois. 

The  samples  received  from  the  State  of  Illinois  by  the  Department  of 
Agriculture  were  32  in  number.  The  average  weight  of  the  samples 
was  17  ounces,  percentage  of  sugar  IS.l,  and  the  purity  75.5.  Twelve 
of  these  samples  were  from  the  northern,  8  from  the  central,  and  12 
from  the  southern  belt. 

When  judged  by  the  few  samples  analyzed  by  the  Department  of 
Agriculture,  it  is  seen  that  Illinois  presents  an  exception  to  the  estab- 
lished rule,  inasmuch  as  the  beets  grown  in  the  northern  belt  are  infe- 
rior to  those  grown  in  the  central  belt.  The  data,  however,  are  not 
numerous  enough  to  base  any  certain  conclusions  upon  them,  and  the 
usual  rule  is  established  from  the  more  numerous  analyses  conducts 
by  the  agricultural  experiment  station,  as  will  be  seen  farther  along. 
Summarized,  the  results  obtained  at  the  Department  of  Agriculture 
from  the  northern,  central,  and  southern  belts  in  Illinois  are  as  follows: 

Summary  of  analyses  of  sugar  beets  from  JTlUnois. 
[Compiled  from  analyses  of  the  TTnited  States  Department  of  Agrioaltnre.] 


Northern  belt. 
Central  belt... 
Southern  belt. 


Number 

of  8am< 

plea. 


Average 
weight. 


Ouneet. 
10 
20 
13 


Sugar  in 
beets. 


Percent. 
12.6 
18.8 
13.2 


Purity  co- 
efficient. 


76.2 
76.5 
73.3 


At  the  agricultural  experiment  station  of  Illinois,  at  Urbana,  312 
samples  of  beets  were  received  and  analyzed.  The  following  summary 
shows  the  analytical  data  and  the  distribution  of  the  samples  by 
counties: 

Summary  of  analyses  of  sugar  heets  from  Illinois,  hy  counties. 


County. 

Ji 

I' 

.a 

Purltv  co- 
efficient. 

County. 

11 

9 

OQ 

*l 

NORTHKRK  BKLT. 

Stephenson 

Winnebago 

XfcHonrv 

3 
31 

23 

Ovmeu, 
20 
18 
19 
20 
22 
23 
16 
20 
21 
24 
16 
18 
83 
22 
14 
18 
28 
17 

Peret. 
10.7 
13.4 
15.1 
13.8 
13.9 
12.6 
13.8 
13.4 
15.6 
14.3 
14.0 
12.7 
10.6 
13.1 
13. 8 
13.9 
12.9 
12.6 

1 

70.0 

75.8 

84.3  ' 

81.4 

79.2 

74.6 

80.6 

78.3 

82.2 

82.7 

82.5 

78.3 

76.5 

76.4 

82.8  1 

80.2  I 

74.6 

79.7 

Kankakeo 

Henderson 

Knox 

8 
1 
4 
1 
4 
1 
.    1 
3 

50 
1 
1 
2 
5 
1 
4 
25 
4 
1 

Ounces. 
24 
22 
20 
10 
24 
18 
22 
17 
20 
17 
17 
20 
24 
24 
17 
19 
29 
27 

Peret. 
12.0 

9.2 
11.0 
14.4 
13.0 
14.3 
18.3 
14.0 
11.3 
10.6 
11.2 
12.3 
12.0 
10.8 
12.4 
11.1 

9.8 
13.8 

79.3 
70.8 
75.1 

Carroll            

Stark 

7&3 

WhiieaidA 

Peoria 

80.1 

Offlo 

Marshall 

83.9 

Lee 

Woodford 

Livingston 

Iroquois 

82.1 

Dekalb 

82.9 

75.3 

cXf .;:::::::::: 

Hancock 

64.0 

Rock  Island       .^ . . 

Fulton 

77.1 

Tazewell 

78.8 

McLean 

77.6 

Ford 

77.0 

Kendall      

Adams 

75.5 

Mason 

73.7 

Will... 

Losran 

09.6 

Mercer 

Dewltt 

81.7 
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Summary  of  aualy$ea  of  sugar  hteUfrom  llUnoxB,  by  counties — Continued. 


Cooniy. 


CENTRAL  BBLT- 

continued. 

Miicon 

Piatt 

Chain|>aign 

Vermilion 

Pike 

Scott 

Morgan 

Sangamon 

Uhrlatlan 

Shelby 

I>ouglaB 

Edear 

Camoun 

Greene 

Macoapin 

HoDtgomery ... 


^0. 


?3 


OunctM. 

18 
20 
21 
10 
10 
10 
22 
17 
19 
21 
24 
16 
14 
14 
17 
11 


Peret. 
8.0 
12.7 
11.7 
11.3 
9.6 
9.7 
10.3 
11.2 
11.8 
10.9 
11.2 
12.1 
9.4 
8.5 
11.6 
13.0 


H 
U 


04.9 
81.0 
79.6 
75.2 
69.4 
64.3 
74.3 
76.8 
76.6 
71.9 
77.5 
74.9 
72.1 
68.3 
72.2 
76.9 


Comity. 


CBNTIUL  BELT— 

ooutinaed. 
Clark 

BOUTBERir  BELT. 

Effingham 

Madison 

Bond 

St.CUir 

Washington 

Jefferson 

Wavne 

Clay 

Edwards 

Jackson 

Saline 


Ounces. 
11 


.s 


Perct. 
13.6 


12.6 
10.3 
10.3 
12.3 
11.9 
12.1 
14.3 
11.8 

8.7 
10.8 

9.3 


Kg 


73.9 


74.6 
74.0 
80.8 
77.7 
75.2 
85.0 
77.0 
68.3 
58.7 
73.8 
68.9 


The  average  weight  of  the  beets  received  was  20  oances,  the  mean 
percentage  of  sugar  therein  11.9,  and  the  mean  purity  76.4.  Distrib- 
uted geographically  into  northern,  central,  and  southern  sections,  we 
find  each  of  the  sections  represented  by  the  number  of  samples  of  the 
mean  average  composition  indicated  in  the  following  summary: 

Summary  of  analyses  of  sugar  beets  from  Illinois, 
[Compiled  from  the  experiment  station  report.] 


Namber 

of 
samples. 


Average 
weight. 


Sagarin  Pnrityoo- 
beets.    ,  efficient. 


Northern  belt 

Central  belt 

Southern  belt 

Average,  etc 


104 
165 
43 


Ounces. 
22 
20 
19 


Pereent. 
13.2 
11.5 
11.1 


79.3 
75.4 
74.7 


I 


312 


'I 


11.9  i 


76.4 


Here  we  see  the  regular  rule  illustrated,  and  the  beets  derived  from 
the  northern  are  superior  in  every  respect  to  those  from  the  central  and 
southern  belts.  It  is  evident,  however,  judged  by  the  data  obtained 
during  the  present  year,  that  Illinois  is  not  so  well  adapted  to  the 
growing  of  high-grade  beets  as  some  of  the  States  to  the  east  of  it. 
Nevertheless,  it  is  quite  certain  that,  with  proper  drainage,  scientific 
cultivation  and  fertilization,  and  good  culture,  high-grade  beets  can  be 
grown  in  many  of  the  northern  counties  of  Illinois,  and  it  would  prob- 
ably be  safe  to  say  that  for  a  distance  of  100  miles  from  the  boundary 
between  Wisconsin  and  Illinois  the  sugar-beet  industry  could  be  suc- 
cessfully established  where  the  conditions  of  soil  and  factors  favorable 
to  manufacture  are  suitable. 

*  Inbiana. 

One  hundred  and  three  samples  were  received  at  the  Department  of 
Agricoltare  from  the  State  of  Indiana,  representing  seyeral  different 
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parts  of  the  State,  but  mostly  from  the  northern  portions.  The  largest 
number  of  samples,  however,  from  any  one  county  was  from  Vander- 
burg,  in  the  extreme  southwestern  part  of  the  State.  The  average  size 
of  the  beets  from  Indiana  was  small,  the  percentage  of  sugar  in  the  beet 
fair,  and  the  purity  a  little  below  the  minimum  for  good  beets.  In 
general,  the  best  beets  w^ere  grown  in  the  northern  portion  of  the  State, 
near  or  in  the  thermal  beet  belt,  although  a  few  samples  received  from 
the  central  and  eastern  parts  of  the  State  were  very  satisfactory. 
Among  the  counties  furnishing  the  largest  number  of  samples  may  be 
mentioned  Henry,  in  the  central  eastern  part  of  the  State,  from  which  8 
samples  were  received,  having  an  average  weight  of  17  ounces,  contain- 
ing 13.1  per  cent  of  sugar,  with  a  purity  of  78.5.  The  averages  for 
Henry  County  in  sugar  and  purity  were  almost  exactly  those  for  the 
whole  State.  Three  samples  from  Marion  County,  in  the  central  por- 
tion of  the  State,  show  excellent  results,  both  in  percentage  of  sugar 
and  in  purity,  and  having  an  average  size  of  a  pound.  The  best  results 
are  reported  from  Stark  County,  in  the  northwestern  portion  of  the 
State,  where  the  percentage  of  sugar  was  16.7  and  purity  81.8.  The 
beets,  however,  from  this  region  were  small,  the  average  size  being  only 
12.8  ounces.  The  beets  received  from  the  agricultural  experiment  sta- 
tion were  very  much  undergrown,  the  average  weight  being  less  than  7 
ounces.  The  percentage  of  sugar  in  the  beets  was  good — 15.1 — and  the 
purity  also  above  the  minimum.  The  causes  of  the  poor  yield  of  beets 
are  discussed  farther  on  in  the  report  of  the  chemist  of  the  station. 
The  largest  number  of  beets  from  any  one  county  was  received  from 
Vanderburg,  namely,  40  samples.  The  people  of  this  county  have  been 
particularly  interested  in  the  industry,  and  especially  to  Mr.  H.  Cordes 
are  we  indebted  for  the  large  number  of  samples  received.  In  spite  of 
the  very  fertile  soil  and  other  favorable  conditions  of  culture,  the  beets 
had  an  average  size  of  only  14  ounces,  and  both  the  percentage  of  sugar 
in  the  beet  and  the  purity  were  below  the  minima.  In  general,  it 
may  be  said  of  Indiana  that  the  northern  portions  of  the  State,  where 
the  character  of  the  soil  is  favorable,  are  best  suited  to  the  culture  of 
the  sugar  beet,  namely,  those  portions  either  lying  in  the  area  of  favor- 
able thermal  conditions,  or  extending  to  a  varying  distance  to  the 
south  thereof  and  covering  the  greater  portion  of  the  northern  part  of 
the  State.  The  central  counties  of  the  State,  judged  by  the  few  sam- 
ples received,  may  also  be  expected  to  grow  beets  of  fair  quality.  A 
more  careful  agricultural  survey  of  the  State  is  needed,  and  the  data 
above  are  supplemented  by  the  more  valuable  data  collected  by  the 
agricultural  experiment  station  under  the  supervision  of  the  chemist^ 
Mr.  H.  A.  Huston. 

IfOTES  OK  SUGAB  BEETS  BAISED  IN  INDIANA  IN  1887. 

(From  Report  of  H.  A.  Huston.) 

The  early  part  of  the  season  was  fairly  favorable  to  the  growth  of  the  crop.  In 
many  cases,  however,  the  beets  were  planted  quite  late  and  were  mach  below  normal 
size  when  the  droaght  came  on  in  Angost.    From  the  middle  of  Augast  until  the 
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end  of  the  usual  growing  Beai»on  yery  little  rain  fell.  This  tended  to  prodace  beets 
of  high  sugar  content  and  small  size.  The  popular  interest  in  the  subject  has  been 
much  greater  than  in  previous  years  and  a  much  bett-er  return  than  usual  was 
secured  from  the  seed  sent  out. 

At  three  points  in  the  State  parties  are  now  engaged  in  placing  contracts  for 
sufficient  acreage  to  insure  a  three  years^  supply  of  beets  for  a  300-ton  factory. 
Reports  from  these  localities  indicate  that  the  required  acreage  will  be  secured. 

Nearly  all  farmers  who  have  raised  experimental  crops  of  beets  for  the  past  few 
years  report  that  they  believe  the  crop  would  be  a  profitable  one  at  $4  per  ton.  This 
estimate  is  based  solely  ou  their  own  experience  with  the  crop. 

The  total  number  of  samples  analyzed  at  the  agricoltaral  experiment 
station  of  Indiana  was  205.  Arranged  by  counties,  the  following  table 
gives  the  most  important  data  connected  with  the  analyses : 

TS8U  of  Bugar  beets  grown  in  Indiana  in  1897  under  the  direction  of  the  Indiana  agricul- 
tural eaeperiment  station,    U.  A,  Huston  and  J.  M,  Barrett, 


Ooanty. 


Lake^ 

Porter  tD 

Laportet] 

St  Joseph  (!]••• 

Elkhart  6 

Lagrange  zi — 

Starke  D 

Newton  tl 

Jasper  t3 

AUon  tf 

Benton -o 

White  tD 

Cass  d 

Wabash  6 

Hantington  cJ  . 

Warren -a 

Tippecanoe -a.. 
Carroll  a 


I  III 
I     ta 


0Z8. 

51 
12 
22 
24 
12 
12 
14 
11 
2 
23 
81 
20 
17 
14 
25 
18 
15 
11 


It 
I 


8.  3     68. 0 

13.7 

84.0 

9.0 

64.3 

13.0 

85.0 

14.8 

83.6 

16.6 

87.4 

14.1 

85.0 

13.7 

96.4 

17.9 

84.4 

13.5 

82.4 

11.2 

79.6 

10.3 

66.0 

12.1 

77.2 

13.0 

77.8 

11.8 

78.0 

12.2 

83.0 

12.5 

84.6 

12.4 

82.0 

1 1 

2 
1 
6 

7 

1 

28 

1 

1 
21 

3 

1 

4 

4 
19 

1 

8 

6 


County. 


I 


OZM. 

Grant  D 12 

Jay  D- !    26 

Fountain -a ;    31 

Clinton  D i    18 

i:t 
20 
33 
24 
8 
17 
2a 
10 
14 
12 
8 
15 


Boone  a 

Tipton  D  

Madison  d 

Bandolph  o- — 

Parke -a 

Marion  a 

Hancock  a 

Henry  a- 

Morgan  d 

Greene  p 

Jackson  p 

Vanderburg  p  . 


Ayerages,  etc  . 


i? 

i 

> 

< 

< 

13.6 

70.1 

13.3 

79.5 

10.1 

68.6 

13.2 

83.2 

13.6 

82.0 

13.5 

82.3 

9.2 

70.2 

12.9 

79.0 

10.2 

56.7 

12.7 

83.5 

14.0 

87.4 

12.0 

78.0 

13.9 

82.8 

12.8 

84.4 

10.0 

72.8 

10.6 

77.7 

S  9 

o  a 

u  a 

Mi 
a 

}Z5 


12 
8 
3 


17.8  I  12.6  I  80.7 


205 


As  will  be  seen  above,  nearly  all  the  counties  represented  are  in  the 
northern  part  of  the  State.  Only  a  few  counties  are  represented  in  the 
central  and  southern  portions  of  the  State.  Making  an  average  of 
the  results  from  the  different  counties  by  sections  of  the  State,  it  is 
seen  that  they  vary  considerably,  as  is  shown  in  the  following  summary : 

Summary  of  results. 


Northern  belt 
Central  belt.. 
Southern  belt . 


Average 
weight. 


Ounees. 
18.9 
18.5 
14.2 


Average 

Iter  cent  of 

sugar  in 

Juice. 


13.3 
12.9 
10.7 


Average 

parity 

coefficient. 


78.0 


Number 
beets. 


«7 

67 
41 
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It  is  seen  that  there  are  considerable  areas  in  the  northern  part 
of  the  State  where  both  soil  and  climatic  conditions  are  extremely 
favorable  to  the  culture  of  the  sugar  beet.  The  proximity  of  these 
counties  to  Chicago  insures  a  market  for  all  the  products  of  the  fac- 
tory. In  many  cases  these  counties  are  situated  in  or  near  the  gas  area 
of  the  State,  so  that  fuel  is  comparatively  cheap.  All  of  them  are 
within  easy  distance  of  the  great  coal  fields  of  Indiana,  and  the  supply 
of  water  and  limestone  is  abtindant.  It  is  evident,  therefore,  that  all 
the  conditions  favorable  to  the  growth  and  manufacture  of  the  beets 
exist  in  the  northern  part  of  the  State  of  Indiana,  and  there  is  no  rea- 
son to  doubt  the  speedy  foundation  and  healthy  growth  of  the  industry 
in  that  locality. 

low  A. 

The  thermal  conditions  for  the  growth  of  beets  in  Iowa  are  favorable 
over  almost  the  whole  of  the  State  from  north  to  south.  The  southern 
counties  are  probably  a  little  too  warm  for  the  best  results,  and  the 
northern  counties  too  much  exposed  to  severe  cold  weather  during 
harvest  time. 

One  hundred  and  thirty  samples  of  beets  were  sent  directly  firom 
Iowa  to  the  Department  of  Agriculture  for  analysis. 

In  the  results  as  tabulated  by  counties  it  will  be  observed  that  a 
great  many  of  the  counties  are  represented  by  a  single  sample,  and 
therefore  it  is  not  possible  to  base  any  conclusions  on  the  work  done 
in  respect  of  the  possibilities  of  growth  of  beets  in  such  counties. 
Benton  County  sent  6  samples,  with  an  average  weight  of  16  ounces; 
13.8  per  cent  of  sugar  in  the  beet,  with  a  purity  of  76.9.  Clinton 
County  furnished  5  samples.  The  beets  were  very  small,  averaging 
only  11  ounces.  The  content  of  sugar  was  high,  namely,  16.8  per 
cent,  and  the  purity  low,  75.8.  Greene  County  sent  39  samples  of  good 
size,  namely,  21  ounces;  rather  low  content  of  sugar,  namely,  12.7  per 
cent,  and  a  low  purity,  namely,  76.3.  Guthrie  County  sent  6  samples  of 
good  size,  namely,  23  ounces;  rather  low  content  of  sugar,  12.5  per  cent," 
with  a  purity  of  78.8.  The  averages  for  the  130  samples  from  the 
State  are  as  follows:  Weight,  18  ounces;  sugar  in  beets,  13.3  per  cent; 
purity,  73.7. 

Under  the  direction  of  the  agricultural  experiment  station  of  the 
State,  in  cooperation  with  this  Department,  a  large  number  of  samples 
of  seed  was  distributed,  and  642  samples  of  beets  sent  to  the  station 
for  analysis.  Following  is  an  abstract  of  the  report  of  Prof.  C.  F. 
Curtiss,  director  of  the  Iowa  station : 

Total  number  of  samples  analyzed,  642. 

One  and  seven-tenths  per  cent  of  the  samples  contained  17  per  cent 
or  more  of  sugar;  73  per  cent  of  these  had  a  purity  coefficient  of  80 
or  above,  and  60  per  cent  of  these  samples  weighed  14  ounces  or  above. 

Four  and  three-tenths  per  cent  of  the  samples  contained  16  per  cent 
and  over  of  sugar  and  less  than  17  per  cent;  of  these  samples  86  per 
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cent  had  a  parity  coefficient  of  80  degrees  or  above,  and  2.9  i>er  cent 
weighed  14  ounces  or  above. 

Twenty-two  and  three-tenths  per  cent  of  the  samples  contained  14 
per  cent  or  over  of  sugar  and  less  than  16  per  cent;  of  these  samples 
50  per  cent  had  a  purity  coefficient  of  80  or  above,  and  62  per  cent 
weighed  16  ounces  or  above. 

Forty-one  and  four-tenths  per.  cent  of  the  samples  contained  12  i)er 
cent  and  over  of  sugar  and  less  than  14  per  cent;  of  these  samples 
14.7  per  cent  had  a  purity  coefficient  of  80  or  above,  and  69  per  cent 
weighed  16  ounces  or  above. 

Sixty-nine  and  three-tenths  per  cent  of  the  total  number  of  samples 
contained  12  per  cent  or  more  of  sugar. 

The  above  percentages  are  based  on  the  weight  of  the  juice. 

The  mean  weight  of  the  samples  received  at  the  Iowa  station  was  19 
ounces,  the  mean  percentage  of  sugar  in  the  beet  12.4^  and  the  mean 
purity  76.6.    The  results  by  counties  are  given  in  the  following  table: 

Analyses  of  sugar  beets  grown  in  Iowa  and  analyzed  by  the  Iowa  agriouUural  experiment 

station. 


County. 


Adair 

Adams 

Allamakee 

Appanoose 

Aaanbon 

Henton 

Blackhawk 

Boone  

Bremer 

Buchanan 

Bnena  Vista 

Butler 

Calhoun 

Carroll 

Cass 

Cedar 

Cherokee 

Chiokaaaw 

Clay 

Clayton 

Clinton 

Crawford 

Dallas 

Davis 

Decatur 

Delaware 

Dickinson 

Dubuque  

Fayette 

Floyd 

Franklin 

Fremont 

Greene 

Grundy ^ 

Guthrfe 

Hamilton 

Hancock 

Hardin 

Harrison 

Henry 

Howard 

Ida 

Jasper 

Jeflerson 


Ayerage 
weight 
per  root. 


Ounces. 
1» 
21 
20 
8 
16 
21 
17 
17 
U 
15 
19 
13 
12 
22 
22 
21 
19 
15 
17 
23 
17 
23 
23. 
14 
12 
18 
21 
17 
17 
24 
17 
10 
19 
23 
22 
21 
18 
19 
17 
26 
18 
21 
23 
12 


Sugar. 


Per  cent 
13.40 
13.26 
14.26 
16.11 
13.09 
13.30 
13.08 
13.83 
11.24 
14.24 
13.62 
10.77 
15.80 
12.34 
12.03 
12.56 
13.34 
13.34 
12.08 
13.48 
15.81 
10.66 
13.46 
15.78 
14.14 
13.23 
12.81 
14.14 
14.62 
12.77 
12.62 
12.16 
13.04 
12.00 
12.60 
12.68 
11.92 
12.88 
12.65 
14.24 
13.38 
12.79 
13.06 
12.86 


Purity 

coof- 

flcient. 


77.46 
75.80 
78.87 
82.80 
78.36 
76.68 
79.64 
76.81 
78.71 
76.25 
77.70 
74.45 
81.46 
75.51 
75.34 
74.48 
77.01 
75.54 
74.06 
78.47 
78.97 
68.24 
79.33 
73.94 
79.27 
75.76 
75.16 
60.76 
80.33 
75.01 
73.23 
71.37 
77.42 
73.91 
74.98 
75.24 
75.84 
77.01 
76.57 
78.64 
77.48 
77.49 
76.86 
76.27 


County. 


Johnson 

Jones 

Keokuk 

Kossuth 

Linn 

Louisa i 

Lyon 

Madison 

Marion 

Marshall 

Mills 

MltcheU 

Monona 

Montgomery  .«. 

Muscatine 

O'Brien.., 

Osce4)la 

Page 

Palo  Alto 

Plymouth 

Pocahontas 

Polk 

Pottawattamie 

Poweshiek 

Binggold 

Scott 

Shelby 

Sioux 

Story 

Tama 

Taylor 

Union 

Wapello 

Warren 

Washington 

Wayne 

Webster 

Winnebago 

Winneshiek 

Woodbury 

Worth .*.. 

Wright 

Average 


Average 
weight 
per  root. 


Ounces. 
20 
17 
23 
25 
17 
10 
19 
18 
21 
22 
19 
20 
27 
23 
20 
16 
14 
23 
22 
26 
20 
22 
19 
20 
17 
16 
24 
28 
22 
17 
11 
15 
19 
20 
21 
13 
18 
22 
19 
20 
18 
15 


Sugar. 


19 


Per  cent 
12.54 
14.05 
14.06 
12.58 
12.08 
12.65 
14.07 
12.55 
12.86 
12.51 
12.94 
12.37 
13.86 
12.33 
14.44 
14.38 
14.16 
12.56 
12.88 
12.49 
11.76 
12.96 
13.04 
12.87 
12.54 
13.73 
13.43 
12.44 
12.30 
12.55 
11.82 
13.98 
13.70 
1.3.62 
13.84 
15.15 
12.57 
12.21 
13.57 
12.72 
13.34 
12.22 


12.98 


Purity 
coef- 
ficient. 


76.08 
77.52 
76.46 
77.26 
74.02 
74.54 
79.33 
74.34 
74.66 
74.85 
76.94 
76.21 
80.87 
76.52 
80.92 
92.77 
81.48 
74.22 
106. 85 
70.39 
78.46 
76.09 
78.13 
77.52 
75.58 
76.59 
78.58 
73.79 
76.51 
77.04 
70.30 
76.54 
76.74 
75.79 
77.84 
70.92 
76.14 
76.87 
76.42 
74.34 
78.77 
75.48 


76.56 
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The  results  contained  in  the  above  table  are  not  as  satisfactory  as 
would  be  expected  from  the  location  of  Iowa  in  respect  of  thermal 
and  other  climatic  influences.  The  poor  results  obtained  are  due 
either  to  the  seasonal  influences,  which  might  have  been  particularly 
bad  for  the  season  in  question,  or  to  some  unsuitability  of  the  soil 
or  climate  to  the  production  of  high-grade  beets.  In  general,  it  has 
been  observed  that  soils  particularly  rich  in  humus  and  of  a  black 
color  do  not  produce  as  high-grade  beets  as  sandy  and  somewhat  lighter- 
colored  soils.  The  character  of  the  subsoil  and  of  the  stratum  under- 
lying it  must  also  be  taken  into  consideration  before  we  can  have  an 
idea  of  the  condition  of  aeration  of  the  soil  and  the  possibilities  of  the 
roots  of  the  beets  extending  to  the  proper  depth.  It  is  fortunate  that 
the  agricultural  experiment  station  of  Iowa  will  continue  these  experi- 
ments in  a  more  careful  manner  and  under  more  efficient  control  of 
the  station  or  some  of  its  representatives.  It  is  evident  that  with  the 
possible  exception  of  the  southern  tier  of  counties  a  large  portion  of 
the  State  of  Iowa  with  favorable  soil  conditions  should  produce  beets 
of  high  saccharine  strength.  The  causes  which  have  depressed  both 
the  content  of  sugar  and  the  coefficient  of  purity  should  be  carefully 
investigated. 

Kansas. 

Several  years  ago  extensive  experiments  in  growing  beets  in  Kansas 
were  made  at  Medicine  Lodge,  and  accounts  of  the  work  are  given  iu 
former  bulletins  on  this  subject.  At  that  time  it  was  stated,  in  dis- 
cussing the  results,  that  the  climate  of  Kansas  was  particularly  unfa- 
vorable to  beet  culture.  The  extremely  dry  weather  to  which  much  of 
the  State  is  frequently  subjected,  in  conjunction  with  the  hot  winds 
which  sweep  over  the  vast  plains  almost  every  year  from  the  southwest, 
renders  the  growth  of  the  beet  extremely  precarious.  At  times  excel- 
lent beets  can  be  grown;  in  fact,  beets  of  fine  character  were  produced 
at  the  time  mentioned  at  Medicine  Lodge.  It  is  not  to  be  expected, 
however,  that  from  year  to  year  beets  of  high  gi'ade  can  be  grown  in 
sufficient  quantities  to  warrant  the  building  of  factories  in  the  State. 
Nevertheless,  considerable  interest  is  taken  in  the  work  by  the  farmers 
in  various  parts  of  the  State,  and  also  by  the  agricultural  college  and 
experiment  station.  Forty-one  samples  were  received  by  the  Depart- 
ment of  Agriculture.  The  average  size  of  these  samples  was  rather 
large,  namely,  27  ounces.  The  sugar  content  was  low,  11.4  per  cent, 
and  the  purity  quite  low,  73.8.  While  it  is  evident  that  large  quanti- 
ties of  sugar  can  be  made  from  beets  of  this  character,  it  is  also  plain, 
without  argument,  that  such  a  quality  of  beets  would  not  be  able  to 
compete  with  those  grown  in  more  favorable  localities. 

The  agricultural  experiment  station  of  Kansas,  in  cooperation  with 
the  Department  of  Agriculture,  also  conducted  a  series  of  experiments 
and  received  for  analysis  157  samples.    A  detailed  report  of  this  work 
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will  be  found  in  the  bulletins  of  the  agricultural  experiment  station  of 
Kansas,  and  the  following  summary  sufficiently  indicates  the  character 
of  the  results  obtained.  The  number  of  samples  analyzed  was  157.  The 
average  net  weight  of  the  beets  received  was  17  ounces;  the  average 
content  of  sugar  in  the  beets,  11.9  per  cent,  and  the  average  coefficient  of 
purity  of  the  juice,  77.  The  percentage  of  the  whole  number  of  beets 
containing  13  per  cent  of  sucrose  or  over  was  15.2.  The  percentage  of 
beets  containing  13  per  cent  of  sugar  or  over,  having  a  coefficient  of 
purity  of  the  juice  of  80  per  cent  or  over,  was  67.  The  percentage 
of  beets  containing  13  per  cent  and  over  of  sugar  and  weighing  16 
ounces  or  more,  net,  was  42. 

The  analyses,  made  at  the  agricultural  experiment  station  of  Kansas 
have  been  consolidated  and  tabulated  by  counties.  The  table  of 
analyses  follows : 

SumtMiry  of  analyses  of  beets  from  Kansas, 
[Compiled  from  report  of  experiment  station.] 


Coanty. 

l! 

r 

Allen 

10 

17 

U 

4 

8 

10 

22 

6 

10 

37 

93 

4 

12 

3 

20 

15 

11 

6 

14 

5 

6 

6 

6 

31 

6 

6 

6 

14 

6 

40 

14 

3 

26 

22 

16 

10 

Atchiaon 

Barber 

Barton 

Bourbon 

Brown 

Butler 

Cbaae 

Cheyenne 

Clay 

Cloud 

Coffey 

Crawford 

Do 

Dickinson 

Doniphan 

Douglas 

Edwards 

Elk 

Ellsworth 

Finney 

Franldln 

Geary 

Graham 

Grant 

Ilarvftv    

iS!::::::::: 

Jackson 

Jefferson 

Jewell 

Johnson 

Labette 

Lane 

Ix>aTeii worth  . . . 
Lincoln 

LOffan     r    ,    r r 

?l 


Ozt. 
14 
17 
12 
34 
5 
21 
18 
14 
17 
28 
20 
20 

>{ 

17 
24 
20 
12 
21 
17 
10 
16 
13 
18 
16 

6 
14 
20 
15 
19 
18 
20 

4 
12 
28 
10 


Peret, 
10.64 
12.61 
14.91 
10.35 
13.88 
11.29 
10.86 
1L61 
12.14 
11.21 
11.65 
15.13 


12.83 
11.17 
11.82 
IL 12 
14.23 
8.76 
10.17 
12.75 
U.38 
n.40 


5>» 


72.0 
79.5 
72.5 
74.0 
75.0 
81.0 
70.8 
77.0 
70.9 
78.0 
79.2 
78.0 


13.87 

82.0 

12.29 

77.0 

13.67 

84.0 

12.48 

77.5 

11.12 

7L0 

14.04 

83.0 

14.14 

74.0 

11.88 

77.0 

9.51 

70.0 

12.83 

76.0 

15.47 

78.0 


78.0 
73.0 
76.0 
77.3 
83.0 
67.0 
68.5 
79.0 
79.6 
76.0 


County. 


Lyon 

Marion 

Marshall 

McPherson . . . 
Montgomery.. 

Morris 

Nemaba 

Osage 

Osborne  

Ottawa 

Pawnee 

Phillips 

Pottawatomie 

Pratt 

Rawlins 

Keno 

Republic 

Rice 

Riley......... 

Rooks  

Rush 

Russell 

Saline 

Sedgwick 

Shawnee 

Sheridan 

Smith 

Sumner 

Waubaunsee.. 

Wallace 

Washington  .. 

WichiU 

Wilson 

Woodson 

.Wyandotte . . . 


a 

i 

-*» 

"o- 

to 

i\ 

S 

! 

r 

s 

0 

^ 

^ 

< 

Ou. 

14 

2 

16 

33 

6 

16 

49 

5 

25 

7 

1 

7 

21 

3 

15 

14 

2 

15 

48 

4 

23 

20 

4 

16 

10 

1 

16 

27 

4 

22 

8 

1 

4 

21 

2 

19 

30 

3 

16 

14 

2 

8 

8 

1 

16 

18 

2 

12 

49 

4 

18 

6 

2 

14 

3 
2 

21 
16 

21 

10 

1 

20 

12 

3 

10 

16 

2 

9 

12 

2 

12 

29 

3 

15 

20 

2 

21 

10 

1 

28 

7 

1 

18 

23 

2 

15 

6 

1 

19 

99 

10 

27 

6 

1 

14 

36 

5 

14 

10 

1 

7 

4 

1 

14 

Peret. 
13.29 
11.23 
12.20 
13.08 
n.30 
14.01 
10.30 
12.17 
12.39 
12.90 

8.52 
12.16 
12.20 
12.19 

9.57 
13.78 
10.69 

n.7i 

8.98 
13.39 
11.88 
n.49 
15.78 
11.23 
12.19 
11.59 
11.12 
13.38 
12.14 
11.58 
10.79 
11.24 
13.12 
14.32 
14.11 


0     . 


79.5 
7L8 
79.4 
76.0 
74.6 
74.6 
74.2 
77.2 
70.0 
78.2 
70.0 
79.5 
83.6 
75.0 
73.0 
79.5 
74.5 
74.5 
70.3 
80.5 
77.0 
71.0 
84.0 
74.0 
77.3 
78.5 
78.0 
76.0 
77.5 
76  0 
75.2 
79.0 
81.0 
73.0 
75.0 


The  data  obtained  at  the  Kansas  station  corroborat'C  in  every  respect 
those  secured  at  the  Department  of  Agriculture.    It  is  evident  that 
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fairly  good  beets  can  be  grown  in  Kansas,  and  there  are  doabtless 
seasons  when  exceptionally  rich  beets  might  be  secured.  In  general, 
however,  it  maybe  said  that  there  is  no  immediate  prospect  of  the  suc- 
cessful establishment  of  the  sugar-beet  industry  in  that  Stiite,  unless  it 
might  be  in  some  of  the  extreme  western  or  northwestern  counties,  where 
irrigation  might  be  practiced,  and  where  the  altitude  is  sufficiently  high 
to  secure  a  lowering  of  the  temperature.  One  of  the  great  causes  of 
danger,  however,  is  found  in  the  hot  southwest  winds,  which  frequently 
blow  over  the  State  with  disastrous  consequences  at  the  period  when  the 
crops  are  growing  most  rapidly.  It  will  be  seen  that  in  many  instances 
individual  analyses  obtained  in  Kansas  are  extremely  satisfactory,  as 
for  instance,  in  Elk  Oounty,  where  two  samples^  including  14  different 
beets,  showed  an  average  weight  of  21  ounces,  an  average  content  of 
sugar  in  the  Juice  of  14  per  cent,  and  an  average  purity  of  83.  Another 
sample  is  found  in  Saline  County,  where  16  beets,  forming  two  samples, 
showed  a  sugar  content  of  15.8  per  cent  in  the  juice,  with  an  average 
purity  of  84.  In  this  case,  however,  the  beets  were  very  much  under 
size,  the  average  weight  being  only  9  ounces.  When,  however,  the 
data  received  from  the  counties  are  compared  with  similar  data  from 
the  State  of  New  York,  the  discrepancy  observed  is  so  great  as  to 
indicate,  without  further  elucidation,  the  proper  locality  where  the  iirst 
development  of  the  sugar-beet  industry  should  be  looked  for. 

In  the  light  of  our  previous  experiments,  it  must  be  evident  that 
high-grade  sorghum,  developed  from  carefully  selected  seeds,  has  a 
better  prospect  in  Kansas  of  being  a  profitable  sugar-producing  plant 
than  the  sugar  beet. 

Kentucky. 

Only  a  few  samples,  with  the  exception  of  those  sent  by  the  experi- 
ment station,  have  been  received  from  Kentucky.  This  State  being 
situated  far  south  of  tbe  theoretical  sugar-beet  belt,  it  is  not  to  be 
expected  that  the  results  of  the  analyses  would  be  particularly  encour- 
aging. The  mean  weight  of  the  six  samples  received  was  16  ounces, 
tlie  mean  percentage  of  sugar  11.9,  and  the  purity  71.5.  The  six  sam- 
ples included  four  from  tbe  experiment  station.  The  beets  received 
were  small,  and  tbe  percentage  of  sugar  only  a  trifle  under  the  mini- 
mum which  is  advisable  for  profitable  sugar  making.  The  purity, 
however,  is  excessively  low,  and  this  seems  to  be  characteristic  of  beets 
grown  too  far  south,  the  purity  coefficient  usually  falling  in  a  more 
rapid  proportion  than  the  content  of  sugar. 

Large  numbers  of  samples  were  received  from  the  experiment  sta- 
tion in  addition  to  those  analyzed  above,  which  were  grown  upon  the 
special  plot,  which  will  be  mentioned  later  on,  and  under  the  most 
favorable  conditions  of  culture.  The  beets  which  were  sent  to  the 
Department  were  of  good  size  and  mostly  of  a  favorable  shape,  but  the 
analytical  data  were  very  disappointing,  falling  a  great  deal  lower  than 
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wasexpected.  Kine  samples  of  White  Improved  Imperial  Elite,  planted 
May  8  and  harvested  December  9,  bad  an  average  weight  of  33  ounces, 
with  4.9  per  cent  of  sugar.  Three  samples  of  original  Kleinwanzlebener 
had  an  average  weight  of  23  ounces,  with  10.8  per  cent  of  sugar.  Six- 
teen samples  of  Yilmorin's  Improved  had  an  average  weight  of  25 
ounces,  with  6.4  per  cent  of  sugar.  Thirty-nine  samples  of  the  Demes- 
may  variety  had  an  average  weight  of  29  ounces,  with  5.3  per  cent  of 
sugar.  All  of  these  beets  were  somewhat  overgrown,  but  not  suffi- 
ciently so  to  account  for  the  extremely  low  percentage  of  sugar.  A 
large  additional  number  of  samples  had  been  selected  for  analysis,  but 
the  results  of  the  preceding  analyses  were  so  discouraging  as  to  render 
the  further  prosecution  of  the  analytical  work  unnecessary.  This  sub- 
ject will  be  mentioned  again  when  the  experiments  in  the  specially 
cultivated  plots  with  high  grade  seeds  are  discussed. 

Maryland. 

All  the  analyses  of  the  samples  of  beets  grown  in  Maryland  were  made 
in  the  laboratory  of  this  division,  the  agricultural  station  at  College 
Park  not  having  undertaken  any  work  of  this  kind.  The  whole  num- 
ber of  samples  received  from  the  State  was  29.  The  mean  size  of  the 
beets  was  19  ounces,  the  mean  percentage  of  sugar  in  the  beets  11.4, 
and  the  mean  purity  of  the  juices  79.1.  In  respect  of  size,  the  samples 
from  Maryland  are  about  the  mean.  The  purity  of  the  juice  is  almost 
up  to  the  minimum  standard,  but  the  percentage  of  sugar  in  the  beet 
is  about  0.6  less  than  is  advisable  for  manufacture. 

In  regard  to  climatic  conditions,  as  has  been  before  intimated,  the 
State  of  MarylaTid  occupies  a  somewhat  peculiar  position.  There  is  a 
considerable  area  along  the  eastern  shore,  next  to  the  ocean,  where  the 
average  summer  temperature  is  71^.  In  the  western  part  of  the  State, 
after  a  long  deflection  to  the  north,  the  isotherm  of  70^  may  again  be 
found.  Lying  immediately  south  of  the  isotherm  of  71  o,  in  the  north- 
ern portion  of  Maryland,  are  found  some  very  fine  valley  lands  where 
the  conditions  of  .culture  maybe  considered  favorable.  These  lands 
are  underlaid  by  limestone,  which  in  many  cases  comes  to  the  surface. 
Theoretically  they  are  a  little  too  warm  for  the  most  successful  culture, 
but  lying  so  near  the  favorable  thermal  belt  there  may  be  reasonable 
hopes  of  successful  culture  in  many  localities.  In  the  western  portion 
of  the  State,  where  the  thermal  conditions  are  favorable,  we  find  the 
mountain  ranges,  and  the  low  temperature  of  the  summer  is  due  to  the 
high  elevation.  The  quantity  of  table  lands  upon  the  tops  of  the  moun- 
tains, however,  is  not  sufficiently  great  to  warrant  the  expectation  of 
the  founding  of  a  great  industry.  There  is  no  doubt,  however,  of  the 
possibility  of  growing  very  rich  beets  on  these  table  lands.  In  general 
it  may  be  said  that  the  State  of  Maryland  is  not  very  favorably  situated 
for  the  culture  of  sugar  beets,  but  there  are  circumscribed  localities 
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within  the  State  where  it  is  desirable  to  condact  ftirther  experiments. 
It  is  therefore  earnestly  hoped  that  the  agricultural  experiment  station 
of  the  State  will  make  a  more  careful  agricultural  survey  of  the  possi- 
bilities of  the  culture  of  sugar  beets  therein. 

Michigan. 

The  southern  peninsula  of  Michigan  is  favorably  situated  for  the 
culture  of  sugar  beets,  both  in  respect  of  thermal  conditions  and  rain- 
fall. The  soil  is  also  for  the  most  part  well  suited  to  sugar-beet  culture. 
In  going  northward,  however,  it  becomes  more  sandy  until  finally  the 
pine  regions  are  reached,  where  a  soil  without  fertilization  would  not  be 
suflaciently  rich  to  produce  large  crops.  The  well-known  tendency  of  a 
sandy  soil,  with  proper  meteorological  conditions,  to  produce  beets  of  a 
high  purity  is  well  illustrated  in  the  samples  which  have  been  received 
irom  Michigan.  In  all,  450  samples  from  the  State  were  seut  to  this 
laboratory  for  analysis,  400  of  them  being  from  Saginaw  County  and 
grown  under  the  supervision  of  Messrs.  Higgins  &  Lenders. 

In  regard  to  the  results  from  particular  counties,  attention  should  be 
called  to  the  fact  that  the  samples  from  Allegan  were  all  enormously 
overgrown,  the  average  weight  of  the  beets  being  62  ounces  and  the 
corresponding  content  of  sugar  and  the  coefficient  of  purity  low.  The 
results  from  Calhoun  County,  in  the  southern  part  of  the  State,  are  par- 
ticularly favorable,  the  average  weight  of  the  samples  being  17  ounces, 
average  content  of  sugar  in  the  beet  15.8,  and  the  average  purity  83.2. 
The  greater  part  of  the  samples  having  come  from  Saginaw  County,  the 
average  data  for  this  county  are  almost  the  same  as  those  of  the  State, 
with  the  exception  that  the  purity  is  considerably  higher.  The  average 
composition  of  the  400  samples  from  Saginaw  County  was  as  follows: 
Average  weight,  22  ounces;  sugar  content  in  the  beet,  14.8  per  cent, 
and  purity,  83.3.  For  the  whole  State — 450  samples — the  average 
weight  was  22  ounces,  average  sugar  content  14.7  per  cent,  and  average 
purity  81.1. 

The  agricultural  experiment  station  of  Michigan,  in  cooperation  with 
the  Department  of  Agriculture,  also  made  an  extensive  series  of  inves- 
tigations, a  r6sum6  of  which  is  given  below : 

RESULTS    BY    COUNTIES    OF    THE    CULTIVATION    OF    SUGAR    BEETS    IN    MICHIGAN    IN 

1897. 

The  following  table  is  given  containing  the  number  of  samples  sent  to  the  station 
from  each  county;  the  average  per  cent  of  sugar  in  the  juice,  and  coefficient  of  parity 
of  all  samples  sent.  Seed  was  distributed  in  sixty-eight  coanties,  and  from  the  table 
below  it  will  be  seen  that  samples  have  been  received  from  sixty-four  of  them.  The 
average  per  cent  of  sugar  in  the  juice  of  beets  of  the  whole  State,  when  grown  on 
the  proper  kind  of  soil  and  from  the  right  kind  of  seed,  is  16.40,  and  the  coefficient 
of  purity  is  84.  An  average  of  16.40  per  cent  of  sugar  for  the  whole  State,  far 
exceeding  the  best  districts  in  France  and  Germany,  is  both  surprising  and  gratifying.' 

'These  data  are  obtained  by  omitting  from  the  table  the  analyses  of  samples 
which  were  known  to  have  been  grown  under  unfavorable  conditions. — ^H,  W,  W. 
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Analyses  of  sugar  Wets  grown  in  Michigan  and  analyzed  by  the  Michigan  agricultural 

experiment  station. 


Connty. 


Alger 

Allegan 

Alpeua 

Aiitriin 

Arenac 

Baraga 

Barry 

Bay 

Berrien 

Branch 

Calbouu 

C'nsB 

Cliarlevoix 

Clare 

Clinton 

Crawford 

Eaton 

Km  met 

Geiieaee 

Grand  Traverse . 

Gratiot 

Hillwlalo 

Huron 

Ingham 

Ionia 

I08C0 

Iron 

iKftbella 

Jackaon 

Kalamazoo 

Kalkaska 

Kent 

I^peer 

Leelanaw 

Lenawee  

Livingston 

^lackmac 

Macomb 

Manistee 

Mason 

Mecosta 

Menominee 

Midland 

Missankee 

Monroe 

Montcalm 

Maskegon 

Newaygo 

Oakland 

Oceana 

Ontonagon 

Osceola 

Otpego 

Ottawa 

Saginaw 

St.  Clair 

St.  Joseph 

Sanilac 

Shiawassee 

Tuscola 

Vnn  Bixren 

Washteisaw 

"Wayne 

Wexford 


Total 
number 

of 
samples. 


Sugar  in 
Juice. 


Coeffi- 
cient of 
purity. 


1 
3 
2 
2 
8 
1 
4 
10 
3 
3 
6 
2 
7 
2 
4 
1 
5 
1 
6 
7 
« 

l\ 

36 

4  I 
6 

Jl 

7  ' 
17  I 

2 
16  I 

2  I 

1 

11  ' 

6 
5 

t\ 

1 

13  I 
7  I 

2 

1 ; 

14 
127 
31  I 

1  : 
11 

4 

1 

4 

4 

Si 


Per  cent. 
14.22 
15.67 
16.01 
15.97 
16.77 
U.10 
14.90 
15.53 
17.83 
16.62 
15.82 
15.44 
17.58 
16.80 
15.89 
15.25 
17.50 
15.02 
14.75 
15.75 
16.09 
16.71 
17.47 
16.43 
16.36 
13. 18 
18.18 
14.09 
19.74 
15.45 
16.91 
15.55 
17.71 
18.77 
15.96 
14.34 
16.22 
16.11 
17.09 
16.54 
16.67 
16.58 
17.62 
15.79 
16.41 
17.64 
16.03 
16.11 
15.29 
16.54 
15.15 
16.55 
18.00 
16.47 
15.99 
17.53 
12.16 
18.15 
16.89 
18.94 
13.82 
16.10 
16.12 
14.59 


Samples 
rejected 
forbad 
soil  or 


Number 
of  sam- 

{^les  on 
gbt  soil 

seed      I*"*  P'^P" 
***"•        erseed. 


Sugar  in 
juice  in 

such 
samples. 


1 
3 
2 
2 
8 
1 
4 
9 
3 
3 
6 
2 
7 
2 
3 
1 
5 
1 
5 
5 
6 
2 
6 

35 
4 
5 
1 
3 
2 

14 
2 

14 
2 
3 
6 
2 
1 
9 
6 
5 
4 
6 
2 
1 
2 
2 
9 

12 
6 

11 
4 
2 
1 

14 
123 

ao 
1 
11 

4 
1 
4 
44 

8 
8 


Per  cent. 
14.22 
15.67 
15.01 
15. 97 
16.77 
14.10 
14.  9U 
16.00 
17.83 
16.62 
15.82 
15.44 
17.68 
16.80 
16.05 
16.25 
17.50 
15.02 
16.14 
15.01 
16.09 
16.71 
17.47 
16.53 
16.36 
14.22 
18.18 
16.41 
18.16 
16.87 
16.91 
16.85 
17.71 
18.77 
15.96 
14.34 
16.22 
16.91 
17.09 
16.54 
16.67 
16.58 
17.62 
15.79 
16.41 
17.64 
16.03 
16.54 
16.26 
16.54 
15.16 
16.55 
18.00 
16.47 
16.13 
17.64 
12.16 
18.15 
16.89 
18.94 
13.82 
16.10 
17.08 
15.25 


ToUl 

Average  . 


493  , 


16.08 


83 


465  1 


16.40 


Coeffi- 
cient of 
purity. 


Five  sampleB  from  Ocean»  Connty  are  not  inclnded  in  results  of  analyses;  because 
they  were  dried  and  damaged  by  keeping. 
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Interesting  data  in  regard  to  cost  of  caltore  were  obtained  at  the 
Michigan  station.  The  plats  were  planted  on  the  8th  of  May,  and 
harvested  on  the  6th  of  October.  After  throwing  the  dirt  away  from 
the  beets  by  a  plow  they  were  pnlled  by  hand  and  the  leaves  and  stems 
removed.  Owing  to  the  deep  snbsoiling  and  thorough  preparation  of 
the  ground,  the  beets  were  found  wholly  embedded  in  the  soil,  none  of 
them  having  been  pushed  above  the  surface.  The  average  weight  of 
the  beets  before  the  removal  of  the  necks  was  about  2^  pounds.  The 
following  table  gives  the  total  labor,  calculated  to  1  acre,  required  for 
growing  and  harvesting  the  beets: 


Man  and 


Man. 


Hour*.  Hourt. 

12.00    

3.75   

.80 


Plowing  and  snbBoiling 

Harrowing 

Marking 

Planting ' >       3.25 

CnltivaBng j       IS.OOJ 

Thinning  and  hoeing .,      75.90 

HarYMtlng '        4.60      130.75 


Total. 


36.15  ,    209.90 


The  hand  labor  in  harvesting  was  performed  by  boys  at  8  cents  an 
hour.  The  work  of  hoeing  and  thinning  was  performed  by  men  at  12J 
cents  an  hour.  The  cost  of  t«am  work  is  computed  at  25  cents  an  hour 
for  man  and  team.  On  the  above  basis,  the  total  cost  of  planting,  culti- 
vating, and  harvesting  an  acre  of  beets  at  the  Michigan  Exi)eriment 
Station  was  $29.40.  The  yield  per  acre,  the  percentage  of  sugar  in  the 
juice,  and  the  purity  for  each  variety  grown  are  shown  in  the  following 
table: 


Variety. 


Y'»liP«'     8«g.r.     Pnrit, 


Wohanka.... 

Improyed  Kleinwanslebener . . . . 

Original  Klein wanzlebener 

Government  Klein  wanzlebener . 

LaPluHKiche 

Government  Klein  wanzlebener . 

TIoerniDg'H  Improyed 

Floto's  Improved 

Klein  wanzlebener  on  maclL 


Pounds. 
23,615 
25,678 
27,368 
25,648 
29,205 
32,327 
24,500 
20,200 


Percent. 
16.22 
16.40 
18.27 
17.78 
18.78 
17.78 
15.20 
13.21 
12.96 


86 
91 
94 
94 
92 
94 
89 
88 
76 


Full  details  of  all  the  experiments  conducted  in  Michigan  by  the 
agricultural  experiment  station  are  found  in  Bulletin  No.  150  of  that 
station,  issued  in  December,  1897,  by  Director  0.  D.  Smith  and  Chemist 
E.  0.  Kedzie. 

The  study  of  the  two  sets  of  data  secured  at  the  Department  of  Agri- 
culture and  by  the  agricultural  experiment  station  of  Michigan  is  suf- 
ficient to  demonstrate  the  fact  that  the  southern  peninsula  of  Michigan 
has  great  possibilities  for  the  development  of  the  sugar-beet  industry. 
When  it  is  remembered  that  the  most  of  those  who  grew  the  samples 
had  had  no  previous  experience  in  the  matter,  that  no  systematic 
fertilization  was  attempted,  and  that  in  many  instances  the  soil  was 
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improperly  prepared,  the  remarkably  favorable  results  obtained  are  the 
more  convincing.  It  is  evident  that  all  the  southern  portion  of  the 
Southern  Michigan  Peninsula,  in  conjunction  with  the  northern  part 
of  Indiana,  forms  an  area  in  which  the  future  will  see  a  remarkable 
development  of  the  sugar-beet  industry. 

Minnesota. 

Forty-nine  samples  from  the  State  of  Minnesota  were  received  for 
analysis  at  the  laboratory  of  the  Department  of  Agriculture.  The 
mean  weight  of  the  samples  received  was  24  ounces,  the  mean  percent- 
age of  sugar  in  the  beet  11,  and  the  mean  purity  coefQcient  79.2. 

Great  variations  are  shown  in  the  samples  received  from  different 
parts  of  the  State.  One  of  the  best  series  of  results  was  obtained  from 
Freeborn  County,  in  the  southern  part  of  the  State,  from  which  twelve 
samples  were  received,  having  an  average  weight  of  20  ounces,  an 
average  content  of  sugar  in  the  beet  of  14.1  per  cent,  and  an  average 
coefficient  of  purity  of  82:3. 

Another  good  series  of  samples,  though  less  in  number,  was  from 
Ottertail  County,  in  the  western  part  of  the  State,  from  which  four 
samples  were  received,  having  an  average  weight  of  23  ounces,  a  mean 
content  of  sugar  in  the  beets  of  14.9  per  cent,  and  a  mean  coefficient  of 
purity  of  82.1.  The  general  average  from  the  State  was  lowered  by  a 
large  number  of  very  poor  samples,  which  evidently  had  been  grown 
under  extremely  unfavorable  conditions. 

The  period  of  growth  in  Minnesota,  while  a  little  short,  is  neverthe- 
less favorable  from  other  considerations,  especially  in  the  southern  and 
eastern  portions  of  the  State.  Toward  the  northwestern  portion  of  the 
State  the  rainfall  is  somewhat  uncertain,  and  the  autumn  is  perhaps  a 
little  too  cold.  As  has  been  intimated  before,  the  chief  difficulty  in 
Minnesota  in  the  establishment  of  the  beet-sugar  industry  is  not  in 
securing  a  proper  growing  season,  but  in  having  a  sufficient  time  to 
properly  harvest  and  protect  the  beets.  The  sudden,  and  often  early, 
advent  of  winter  in  the  northern  and  western  portions  of  the  State  will 
be  the  cause  of  difficulties  of  a  serious  nature  in  the  harvesting  and 
siloing  of  the  beets.  These  are  factors  which  intending  investors  will 
do  well  to  carefully  consider.  In  general,  the  conditions  of  growth  are 
so  favorable  as  to  warrant  the  careful  study  of  the  soils  of  the  State  by 
the  agricultural  experiment  station  with  a  view  to  selecting  those  locali- 
ties where  the  conditions  of  culture  are  most  favorable.  In  a  State  of 
such  vast  area  it  is  far  better  to  determine  those  restricted  sections 
where  the  conditions  are  most  favorable  rather  than  try  to  establish 
the  industry  indiscriminately  in  every  portion  of  the  State. 

In  cooperation  with  the  Department  of  Agriculture,  the  agricultural 
exx>eriment  station  of  Minnesota  conducted  an  extensive  series  of  cul- 
ture experiments  in  various  parts  of  the  State.  The  general  results 
of  the  experiments  are  indicated  in  the  report  of  the  chemist  of  the 
station,  which  follows. 
H.  Doo.  396—6 
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EXPERIMENTS  CONDUCTED  BY  THE  AGRICULTURAL  BXrKBIMBNT  STATION  OF 

MINNESOTA. 

The  Beed  from  which  the  beete  were  grown  was  obtained  from  a  variety  of  sonrcea. 
Some  procured  seed  from  the  stock  which  the  legislature  directed  the  State  treas- 
urer to  purchase.  About  100  pounds  of  seed  were  obtained  from  the  United  States 
Department  of  Agriculture  and  distributed  by  the  experiment  station.  Some  seed 
was  obtained  direct  from  Germany,  while  a  few  obtained  seed  f^om  seed  dealers  and 
other  sources.  As  a  rule,  the  seed  was  of  good  quality.  Only  a  few  instances  of  poor 
seed  were  reported.  There  was  but  little  difference  as  to  the  quality  of  the  beets 
produced  by  the  seed  furnished  by  the  State  and  by  the  Department  of  Agriculture. 
At  the  experiment  station  the  average  of  four  plots  of  Klein  wanzlebener  beets  grown 
from  State  seed  showed  17.5  per  cent  sugar,  with  a  purity  coefficient  of  86.7,  while  the 
average  of  four  plots  of  Kleinwanzlebener  beets  grown  from  United  States  Depart- 
ment of  Agriculture  seed  gave  17.4  per  cent  sugar  and  a  purity  coefficient  of  87.8. 

The  past  season  has  not  been  one  particularly  favorable  to  the  production  of  the 
highest  quality  of  beets.  It  has  been  the  most  unfavorable  season  in  nine  years. 
As  a  whole,  however,  the  results  have  been  satisfactory,  and  I  consider  them  of 
unusual  value,  because  they  indicate  the  quality  of  the  beets  which  are  produced 
in  an  unfavorable  rather  than  a  favorable  season. 

At  the  experiment  station  the  average  of  those  plots  which  were  grown  under 
normal  conditions  gave  a  sugar  content  of  17.4  per  cent  and  a  purity  coefficient  of 
87.3. 

There  is  one  factor  in  our  favor  which  I  think  has  been  overlooked  in  considering 
desirable  locations  for  sugar-beet  factories,  and  that  is,  we  have  never  lost  a  sugar- 
beet  crop  from  hot,  dry  winds,  which  occasionally  occur  in  some  of  the  prairie 
States. 

About  three  hundred  samples  of  beets  have  been  tested  during  the  season.  In 
many  cases  the  results  were  lower  than  they  would  have  been  if  the  beet6  had  been 
properly  cultivated.  In  one  of  the  tables  the  results  are  given  of  some  of  the  beets 
which  have  been  grown  under  abnormal  conditions.  Iji  one  case  twenty-five  min- 
utes' time  was  spent  on  a  quarter  acre  of  beets,  while  in  another  case  the  seeds  were 
planted  five  inches.  These  results,  while  they  possess  no  value  as  Indicating  the 
quality  of  sugar  beets  which  may  be  produced  in  a  locality,  are  nevertheless  valua- 
ble, because  they  emphasize  the  importance  of  the  right  kind  of  cultivation  for 
sugar-beet  production. 

Sugar  beets  grown  at  the  Minnesota  Experiment  Station. 


No. 
plot. 

No. 
tests. 

Sugar. 

Purity 
coefficient. 

wetght. 

Highest  resnlto:  Rows  18  inches  apart  and  beets  4 
inches  in  row 

Per  cent. 
18.6 

14.2 

16.0 

15.8 

15.9 

17.4 

Per  cent 
92.5 

7a  0 

88.1 

85.6 

85.4 

87.3 

OuneeM. 
12.8 

Lowest  results:  Rows  30  inches  apart  and  beets  10 
inches  in  row 

lai 

Average  of  rows : 

24  and  30  inches  apart  and  beets  4  to  6  Inches  in  row. 

24  and  30  inches  apart  and  beets  6  to  10  inches  in 

row 

8 
8 
8 

16 
16 

16 

15.1 
149 

14  and  18  ifecheo  apart  and  beets  8  and  10  inches  in 
row  ......       .....     .  ..................... .... 

141 

14  and  18  inches  apart  and  beets  4  and  0  inches  in 
row 

8  1        16 

U.6 

The  cultivation  of  the  beets  was  under  the  supervision  of  the  Agricultaral  Divi- 
sion.   The  analyses  were  all  made  by  the  chemist  of  the  station. 

The  analytical  data  obtained  are  summarized  from  the  details  of  the 
chemist's  report  in  the  following  table : 

Total  number  of  analyses  reported 143 

Average  weight  of  the  beets  (ounces) 17 

Average  per  cent  of  sugar  in  the  juice 13.8 

Average  coefficient  of  purity • 8L8 
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The  classification  of  results  is  made  in  several  portions,  namely, 
analyses  of  miscellaneous  samples  from  the  State  at  large  and  analyses 
of  special  samples  from  definite  localities.  In  the  analyses  of  mis- 
cellaneous beets  collected  from  different  parts  of  the  State,  with  the 
exception  of  those  specially  mentioned  below,  thirty-four  samples  were 
examined.  The  mean  weight  of  the  beet  is  not  given  in  this  table  of 
analyses.  The  mean  percentage  of  sugar  in  the  juice  is  14.25  and  the 
mean  purity  coefficient  82. 

Sixteen  samples  grown  at  Mankato,  Minn.,  showed  an  average  weight 
of  21.9  ounces,  a  mean  percentage  of  sugar  in  the  juice  of  12.8,  and  a 
purity  coefficient  of  80.2. 

Ten  samples  grown  at  Winton  and  Stockton  had  an  average  weight 
of  17.1  ounces,  contained  13.7  per  cent  of  sugar  in  the  juice,  and  had 
a  purity  coefficient  of  81.9. 

Eighty- three,  samples  grown  at  Albert  Lea  had  an  average  weight  of 
16.6  ounces,  contained  13.8  per  cent  of  sugar  in  the  juice,  and  had  a 
purity  coefficient  of  82.1. 

In  general,  it  will  be  observed  that  the  results  obtained  on  the  samples 
sent  directly  to  the  station  were  better  than  those  secured  at  the  lab- 
oratory in  Washington.  Upon  the  whole,  the  results  of  the  work  done 
at  the  experiment  station  are  eminently  satisfactory,  especially  as  they 
were  accompanied  with  the  statement  of  the  director  that  the  condi- 
tions were  the  most  unfavorable,  for  the  development  of  a  crop  of  sugar 
beets,  which  had  been  known  in  the  State  since  the  commencement  of 
the  experiments  in  this  direction^  in  1888. 

The  results  of  the  analyses  of  the  beets  grown  at  the  station  are 
extremely  satisfactory.  The  average  weight  of  the  beet,  to  be  sure,  is 
somewhat  low,  but  this  doubtless  was  due  to  an  unfavorable  growing 
season.  The  mean  percentage  of  sugar  in  the  beets  grown  in  different 
plots  is  exceptionally  fine,  and  the  coefficient  of  purity  in  one  instance 
is  higher  than  could  reasonably  be  expected  with  the  best  kind  of 
culture.  Only  in  one  of  the  plots  cultivated  on  the  station  are  the 
results  unsatisfactory,  and  in  this  case  it  is  the  coefficient  of  purity 
especially  which  has  fallen  below  the  standard. 

Missouri. 

Very  extensive  experiments  were  made  in  Missouri,  about  4,000  sam- 
ples of  seed  having  been  distributed,  and  over  600  returns  made. 
There  were  sent  directly  to  the  Department  of  Agriculture  324  sam- 
2>les,  detailed  analyses  of  which  are  found  in  the  preceding  tables. 
The  average  weight  of  the  samples  received  was  20  ounces.  The  mean 
percentage  of  sugar  in  the  beet  was  11.7  and  the  mean  purity  73.5. 
Many  individual  samples  from  the  State  show  excellent  qualities,  but 
reliable  judgment,  as  intimated  before,  can  only  be  based  upon  large 
numbers  of  analyses.  Among  the  counties  furnishing  beets  of  high 
quality  may  be  mentioned  Barton,  in  the  southwestern  part  of  the 
State.    Three  samples  were  received  from  this  county,  all  of  them  of 
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rather  large  size  and  fine  content  of  sugar,  the  mean  size  being  27 
ounces,  the  mean  content  of  sugar  in  the  beet  15.3  per  cent;  only  the 
purity  in  all  cases  was  a  little  low,  the  mean  being  77.3.  Benton 
County,  in  the  center  of  the  State,  also  showed  good  results,  five  sam- 
ples having  an  average  weight  of  16  ounces,  an  average  sugar  content 
of  15.5  i)er  cent,  and  an  average  purity  of  77.1.  The  best  single  sam 
pie  received  was  from  Pulaski  County,  in  the  center  of  the  State,  the 
percentage  of  sugar  being  18.3,  the  purity  86.1 ;  but  the  weight  was 
low,  namely,  only  12  ounces. 

Two  hundred  and  ninety-nine  samples  of  beets  were  sent  directly  to 
the  agricultural  experiment  station  of  Missouri  and  analyzed  in  the 
laboratory  of  that  station.  The  mean  results,  by  counties,  obtained  on 
analysis  are  given  in  the  following  table: 

Summary  of  analysea  of  beeU  grown  in  Missouri. 
[From  Report  of  Missouri  Ezperimont  Station.] 


County. 


Adair 

Andrew... 
Audrain  .. 

Barry 

Barton  — 

Bates 

Benton 

lioone 

Buchanan . 
Butler  .... 
Caldwell .. 
Callaway.. 
Carroll.... 

Cass 

Cedar 

Chariton.. 
Christian  . 

Clark 

Clay 

Cooper  — 
Crawford.. 

Dade 

Dallas 

Dekalb.... 

Dent 

Dougias... 
FraiHclin . . 
Gasconade 
Gentry  — 

Greene 

Grundy... 
Harrison . . 

Henry 

Hickory... 

Holt 

Howell.... 

Iron 

Jackson . . . 
Jasper  .... 
Jeflerson . . 
Johnson . . . 

Knox 

Laclede . . . 
Lafayette  . 
Lawrence  . 

Lewis 

Lincoln  ... 
Linn 


Is    i^ 


Ou. 
29 
22 
82 
24 
41 
22 
16 
29 
34 

8 
85 
33 
28 
22 

7 

16 
32 
64 
36 
19 
20 
30 
16 
46 
10 

4 
30 
19 
31 
20 
18 

6 
25 
24 
29 
28 
13 
36 
27 
17 
22 
46 
19 
25 
24 
25 
42 


CA 


Peret. 
14.31 
12.16 

7.10 
12.85 
16.97 
11.56 
18.19 

8.19 
12.20 

6.47 
12.99 
12.45 
11.08 
16.86 
11.08 
12.35 
11.14 
12.80 

8.87 

8.43 
11.95 
10.66 
14.06 
10.11 
14.51 
15.19 

9.31 
10.88 
12.68 
12.27 
12.16 
18.45 
11.05 
U.88 
10.26 
13.10 
13.11 
12.14 
11.04 
10.71 
11.90 
12.81 
12.36 
11.45 
12.12 
15.60 

7.94 
12.28 


el 

00 


82.89 
76.76 
56.66 
73.96 
81.62 
76.82 
86.36 
63.78 
81.88 
58.23 
80.16 
76.45 
76.03 
84.75 
78.86 
74.24 
67.86 
77.76 
67.16 
61.69 
81.27 
67.95 
74.95 
70.40 
72.66 
88.68 
70.81 
68.60 
75.42 
77.17 
7H1 


66.76 
76.66 
73.29 
78.18 
79.76 
79.28 
72.57 
66.73 
72.54 
74.87 
68.62 
74.08 
78.06 
82  27 
57.18 
72.21 


Coontj. 


Livinf^ston 

McDonald 

Maorn 

Madison 

Mariea 

Marion 

Mercer 

Miasissippi 

Monroe 

Montgomery 

New  Madrid 

Nodan^ay 

Oregon 

Osark 

Perry 

Pettis 

Phelps 

PUtte 

Pike  faTerage) 

First  harvest.. 

Second  harvest 

Randolph 

Ray 

Saline 

Schuyler 

Scotland 

Scott 

Shannon  

Shelby 

St.  Charles 

St.  Clair 

St  Francois 

St  Louis 

Stoddard 

Sullivan 

Taney 

Texas 

Vernon 

Warnm 

Washington 

Wayne 

Webster 

Worth 

Wright 


Total  and 
mean 801 
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Of  the  whole  number  of  samples,  the  i)ercentage  of  those  containing 
13  per  cent  or  more  of  sugar  in  the  beet  was  24^  the  percentage  of 
these  beets  with  a  sugar  content  of  13  per  cent  or  over  having  a  purity 
coef&cientof  80  or  over  was  83;  the  percentage  of  the  number  of  beets 
containing  13  per  cent  of  sugar  which  had  a  purity  coefficient  of  80  or 
over  and  weighing  16  ounces  or  over  was  68. 

The  average  percentage  of  sugar  in  the  beet  for  the  whole  number 
of  samples  examined  at  the  station  was  11.1.  The  average  coefficient 
of  purity  74.9,  and  the  average  weight  in  ounces  25.  A  tabular  com- 
parison of  the  mean  results  obtained  by  the  Missouri  station  and  in  the 
laboratory  of  the  Department  will  be  interesting: 


Total 
number 
of  sam- 
ples. 

Average 
weight. 

Sugar  in 
juioe. 

Purity  co- 
efficient. 

XJnited  States  Department  of  Agricaltnre 

324 

301 

Ouneei. 
20 
28 

Per  eent.i 
11.7 
11.1 

73.5 

A irriflnltnra^  exT>eriin4^iit  station  of  l£issonri     .............. 

74.9 

As  will  be  seen  above,  there  is  a  remarkable  agreement  between  the 
mean  results  obtained  in  the  two  laboratories.  The  average  size  of  the 
samples  received  at  Washington  "was  smaller  than  that  of  the  beets 
analyzed  at  the  agricultural  experiment  station  of  Missouri,  and  this  is 
doubtless  the  cause  of  the  slightly  increased  mean  percentage  of  sugar 
obtained  in  the  laboratory  of  the  Department  of  Agriculture.  A  general 
study  of  the  results  obtained  leads  to  the  inevitable  conclusion  that 
Missouri  is  not  very  favorably  situated  for  producing  beets  of  the  high- 
est quality.  It  is  possible  to  secure,  in  some  instances,  results  which 
are  exceptionally  favorable,  but  that  such  results  could  be  secured  con- 
tinuously, and  from  season  to  season,  is  not  probable.  The  data  show 
that  the  whole  State  of  Missouri  belongs  in  the  same  category,  in  respect 
of  growing  rich  sugar  beets,  as  the  southern  parts  of  the  States  of  Ohio, 
Indiana,  and  Illinois.  Even  the  northern  counties  of  Missouri  are  too 
far  south  to  give  the  best  results.  It  is  evident,  however,  in  so  far  as 
yield  is  concerned,  that  Missouri  is  probably  the  equal  of  any  State  in 
the  Union  for  growing  beets  of  fine  size  and  large  tonnage  per  acre. 
Unless  exceptional  conditions  favorable  to  manufacture  are  found  in 
the  State,  it  is  not  probable  that  the  sugar-beet  industry  will  gain  a 
foothold  for  some  time  in  competition  with  the  more  favorable  local- 
ities farther  north  and  east. 

Montana. 

Only  four  samples  were  received  from  the  State  of  Montana  at  the 
laboratory  of  the  Department  of  Agriculture.  The  average  weight  of 
the  samples  was  20  ounces,  the  mean  percentage  of  sugar  in  the  beet 
14.4,  and  the  mean  purity  coefficient  of  77.8. 

Analyses  were  also  made  by  the  agricultural  exx)eriment  station  of 
Montana.     Fifteen  analyses  were  made  pf  samples  |;rown  on  tl^e 
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grounds  of  the  station.  The  average  weight  of  the  samples  was  14.8 
ounces,  the  mean  percentage  of  sugar  in  the  beet  16.2,  and  the  mean 
coefficient  of  purity  of  the  juice  81.9.  Thirty  samples  grown  in  the 
Gallatin  Valley  had  a  mean  weight  of  22  ounces,  a  mean  content  of 
sugar  in  the  beet  of  13.7  per  cent,  and  a  mean  coefficient  of  purity  of 
76.4.  Eight  samples  grown  at  Livingston  had  an  average  weight 
of  24.7  ounces,  with  a  mean  sugar  content  of  13.8  i>er  cent  in  the  beet, 
and  a  coefficient  of  purity  of  74.3.  Nine  samples  from  Kalispell  had  a 
mean  weight  of  32  ounces,  a  mean  content  of  13. 5  ])er  cent  of  sugar  in 
the  beet,  and  a  mean  coefficient  of  purity  of  76.2.  Four  samples  of 
beets  irom  Missoula  had  an  average  weight  of  32  ounces,  a  mean  per- 
centage of  sugar  in  the  beet  of  12,  and  a  mean  coefficient  of  purity  of 
73.6.  Four  samples  of  miscellaneous  origin  had  an  average  weight  of 
23  ounces,  an  average  sugar  content  in  the  beet  of  12.7  per  cent,  and  a 
coefficient  of  purity  of  74.  The  whole  number  of  samples  analyzed  by 
the  agricultural  experiment  station  of  Montana  was  70,  with  a  mean 
weight  of  23  ounces,  a  mean  content  of  sugar  in  the  beet  of  14.7  per 
cent,  and  a  mean  coefficient  of  purity  of  77. 

The  results  obtained  at  the  experiment  station  show  what  can  be 
done  by  careful  culture,  and  indicate  that  Montana,  under  proper  con- 
ditions, is  capable  of  producing  a  fairly  good  sugar  beet.  The  data  in 
general  are  sufficiently  encouraging  to  warrant  the  agricultural  experi- 
ment station  of  the  State  in  making  a  more  thorough  and  careful  agri- 
cultural survey  of  the  possibilities  of  beet  production. 

Nebraska. 

Thirteen  samples  grown  in  Nebraska  were  received  at  the  Depart- 
ment of  Agriculture  for  analysis.  The  mean  weight  of  the  samples 
received  was  29  ounces,  the  mean  percentage  of  sugar  in  the  beet  12.9, 
and  the  mean  purity  coefficient  76.9.  The  studies  which  have  been  made 
in  Nebraska  have  been  so  thorough  in  previous  years  that  it  would  not 
be  advisable  to  make  any  deductions  from  so  small  a  number  of  samples 
as  was  analyzed.  In  connection  with  the  work  done  at  the  Department, 
the  following  report  of  the  chemist  of  the  agricultural  experiment  sta- 
tion of  Nebraska  may  be  considered : 

RESULTS  OF  EXPERIMENTS  IN  NEBRASKA. 

We  distributed  seed  to  433  persons.  Of  these  158  responded,  either  by  sending 
beets  or  written  communication,  or  both.  Of  the  158,  106  returned  samples  of 
beets  for  analysis;  52  reported  failure  to  secure  crop.  Of  the  52  reporting  fail- 
ures, 14  said  that  the  seed  failed  to  germinate;  14  ascribed  failure  to  dry  weather;  24 
gave  various  reasons  for  failure,  13  stating  that  the  crop  was  destroyed  by  grasshop- 
pers ;  4  lost  their  crop  by  reason  of  stock  incursions,  and  7  through  general  neglect. 

Putting  these  figures  in  the  form  of  percentages :  36.4  per  cent  of  those  receiving 
seed  responded  in  some  way ;  67  per  cent  of  those  who  reported  to  us  sent  beets  for 
analysis;  26.9  per  cent  of  failures  were  attributed  to  dry  weather;  26.9  per  cent  of 
failures  were  attributed  to  poor  seed ;  25  per  cent  of  failures  were  caused  by  grass- 
hoppers; 7.7  per  cent  of  failures  were  caused  by  cattle;  13.4  per  cent  of  failores 
were  caused  by  general  neglect. 

The  results  of  analyses  showed  an  average  of  12.34  per  cent  of  sng^  in  the  jnioe 
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with  a  parity  coefficient  of  75.    The  highest  per  cent  of  suj^ar  in  juice  was  16.8  with 
a  purity  of  78.5.    The  lowest  was  4.6  per  cent  with  a  purity  coefficient  of  45. 

Beet  seed  was  sent  into  sixty-seveu  counties  and  beets  were  received  from  thirty- 
six  counties. 

The  average  results  obtained  agree  very  closely  with  those  secored 
in  the  laboratory  of  the  Department  of  Agriculture. 

So  long  a  time  has  elapsed  since  sugar-beet  growing  was  commenced 
in  Nebraska  on  a  large  scale  that  it  is  possible  to  form  some  idea  of 
the  adaptability  of  that  State  for  beet  growing.  The  soils  of  Nebraska 
are  mostly  very  fertile,  with  a  fairly  level  surface,  and  are  well  suited  in 
this  respect  to  beet  culture.  The  climatic  conditions,  as  will  be  seen 
by  consulting  the  map,  are  somewhat  variable,  and  the  rainfall  in  parts 
of  the  State  is  scant  and  in  all  parts  of  it  very  uncertain  in  respect  of 
distribution.  Periods  of  extremely  wet  weather  are  apt  to  alternate  with 
long  droughts.  Hot  winds  may  be  expected  over  many  parts  of  the 
State  during  the  period  of  most  rapid  growth,  and  these  winds  are 
extremely  injurious  to  all  kinds  of  vegetation.  The  winters  are  apt  to 
come  on  early  and  with  severity,  rendering  the  harvesting  season  some- 
what precarious.  There  is  no  doubt  of  the  fact  that  good  beets  can  be 
grown  under  favorable  conditions  in  Nebraska,  but  the  uncertainties  of 
the  season  are  such  as  to  indicate  that  there  will  not  be  a  very 
rapid  expansion  of  the  industry  in  that  State  until  more  favorable 
areas  have  been  thoroughly  exploited.  For  details  in  regard  to 
Nebraska  the  reports  of  the  agricultural  experiment  station  of 
Nebraska,  at  Lincoln,  may  be  consulted.  For  about  eight  years  this 
station  has  been  engaged  in  the  study  of  this  question,  and  has  pub- 
lished numerous  and  valuable  bulletins,  many  of  which  can  still  be 
obtained  by  applying  to  the  director  of  the  station. 

Nevada. 

A  large  portion  of  the  State  of  Nevada,  in  fact  the  whole  of  the 
northern  and  western  parts,  lies  within  the  thermal  area  suitable  to  beet 
culture.  Twenty-one  samples  of  beets  were  received  at  the  Department 
of  Agriculture  from  Nevada,  the  average  weight  of  which  was  25  ounces, 
the  average  content  of  sugar  in  the  beet  16.6  per  cent,  and  the  average 
coefBcient  of  purity  81.1.  These  samples  all  came  from  the  parts  of  the 
State  lying  within  the  favorable  thermal  area.  The  agricultural  experi- 
ment station  of  Nevada,  at  Eeno,  also  made  an  investigation  of  the 
possibilities  of  growing  beets  in  that  State,  and  has  submitted  a  report 
on  the  subject.  In  all,  twenty-two  samples  were  received  at  Reno  for 
analysis,  the  average  weight  of  which  was  25  ounces,  and  the  average 
content  of  sugar  16.9  per  cent,  the  purity  not  being  given.  These  data 
show  a  remarkable  agreement  with  those  obtained  by  the  Department 
of  Agriculture.  The  beets  were  grown  entirely  under  irrigation.  Some 
of  them,  however,  received  only  one  irrigation  and  others  as  high  as  five. 

The  results  obtained  at  the  station  itself  were  in  the  highest  degree 
BatisfiEictory.    The  total  number  of  samples  grown  and  analyzed  at  the 
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station  was  ten,  the  mean  weight  of  the  beets  was  19  ounces,  and  the 
mean  percentage  of  sugar  18.9,  purity  coefficient  not  given. 

Mr.  Stubbs,  the  director  of  the  station,  in  submitting  his  report, 
states  that  he  distributed  90  pounds  of  the  seed  received  from  the 
Department  to  thirty  farmers  residing  in  fifteen  counties.  Only  five  of 
the  thirty  farmers  sent  samples  for  analysis.  One  reported  failure  from 
stock  breaking  into  the  field  and  destroying  the  crop;  one,  failure  from 
lack  of  water,  and  one  stated  that  the  samples  of  seeds  sent  him  did 
not  arrive.  Mr.  John  Harrison  reports  that  there  are  20,000  acres  of 
land  in  a  single  body  such  as  he  used  for  growing  his  beets. 

All  the  samples  sent  to  the  Department  of  Agriclutnre  by  Mr.  Harri- 
son,  ten  in  number,  were  from  Humboldt  County ;  the  average  weight 
of  the  samples  was  21  ounces,  the  mean  content  of  sugar  in  the  beets 
18.8  per  cent,  and  the  mean  coefficient  of  purity  83.1.  It  is  evident 
that,  if  such  beets  as  these  can  be  grown  in  that  locality,  the  20,000 
acres  of  land  suitable  to  beet  culture  would  suffice  to  maintain  a  large 
factory,  which  must  of  necessity  prove  eminently  successful  if  fuel, 
limestone,  and  water  can  be  had  in  sufficient  abundance  and  sufficiently 
cheap  to  operate  it.  The  cultural  results  in  Nevada  are  of  the  high- 
est significance.  This  State,  which  is  devoted  chiefiy  to  mining,  has 
very  small  agricultural  interests,  but  if  a  few  areas  capable  of  irriga- 
tion, like  that  at  Lovelocks,  in  Humboldt  County,  can  be  found,  Nevada 
should  become  a  beet  producing  State.  The  establishmeut  of  this  agri- 
cultural industry  could  not  fail  to  be  of  immense  benefit  to  the  Com- 
monwealth. There  is  no  other  State  in  which  the  reports  are  more 
favorable,  although  it  may  be  said  that  the  number  of  samples  is  not 
sufficiently  large  to  carry  absolute  conviction.  Nevertheless,  the  uni- 
form excellence  of  the  samples  can  not  be  the  result  of  accident,  but 
must  have  been  due  to  the  favorable  influences  of  soil  and  climate. 
The  agricultural  experiment  station  of  this  State  will  do  well  to  make 
a  more  careful  survey,  and  especially  to  map  out  the  localities  where 
the  contour  of  the  State  is  suitable  to  beet  culture  and  where  water 
can  be  obtained. 

New  Jersey. 

As  has  been  before  stated.  New  Jersey  is  traversed  from  the  south 
toward  the  north  by  the  mean  isotherm  of  11^  for  the  three  summer 
months.  A  portion  of  it  is  therefore  within  the  theoretical  thermal 
belt  for  beet  growing.  In  general,  it  may  be  said,  however,  that  the 
temperature  will  be  found  a  little  too  warm  to  secure  the  best  results. 
On  the  other  hand,  the  soil  of  New  Jersey  is  of  a  sandy  nature,  suited 
to  the  growth  of  a  beet  with  a  high  purity. 

The  data  which  have  been  collected  during  the  season  from  New  Jer- 
sey are  encouraging.  The  whole  number  of  samples  received  from  the 
State  was  31,  the  average  weight  16  ounces,  the  mean  content  of  sugar 
in  the  beet  14.2  per  cent,  and  the  coefficient  of  purity  81.4.  Essex  and 
Mercer  counties  each  furnished  seven  samples;  the  results  in  Bssex 
County  were  fieurly  good,  but  in  Mercer  County  were  poor.    Ocean 
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County  furnished  eight  samples,  with  a  high  average  percentage  of 
SDgar  and  purity  coefficient,  but  with  a  weight  only  half  the  normal. 

No  investigations  were  made  by  the  experiment  station  of  New  Jer- 
sey, but  Mr.  James  B.  Vredenburgh,  of  Jersey  City,  conducted  some  very 
careful  exi)eriment8  at  Freehold,  in  Monmouth  County.  The  following 
report  of  Mr.  Vredenburgh  is  interesting  and  contains  valuable  data. 

RESULTS   OF  EXPERIMENTS  IX  NEW  JERSEY. 

May  20 J 1897.— I  had  one-qnarter  acre  clover  sod  plowed  and  prepared  for  planting. 

May  82. — I  had  planted  four  kinds  of  beet  seed,  viz,  a  strip  of  111  by  2  feet  9 
Inches  or  seven  one-thoasandths  of  an  acre  in  imported  Vilmorln. 

A  similar  strip  in  imported  Klein wanzlebener;  a  similur  strip  in  Government  seed, 
and  the  balance  of  the  quarter  acre  in  cattle  beets. 

I  fertilized  the  whole  plot  equally  with  300  pounds  of  phosphate.  I  weeded  the 
beets  twice,  cultivated  them  five  times,  and  gathered  them  November  1. 

I  had  one  of  each  kind  analyzed  each  week,  commencing  August  3,  by  an  expert 
chemist,  the  result  of  which  I  herewith  inclose: 


Varietiee. 


The  Vilmorin 

Tbe  Oovemment 

The  Kleinwantlebeuer 


Weight. 

When    I  Without 
gathered.!     tops. 


Poundi. 


279 
336 


Vounda. 
239 
258 
220 


The  Vilmorin,  therefore,  produced  at  the  rate  of  17i  tons  to  the  acre,  wittiout  tops ; 
the  Government;  18  tons  to  the  acre  without  tops;  Kleinwanzlebener,  15  tons  to  the 
acre  without  tops. 

It  will  be  seen  that  by  far  the  best  result  came  from  the  Vilmorin,  the  purity  of 
the  juice  in  the  analysis  of  November  1  being  88.20. 

This  latter  result  was  from  an  average  of  three  beets,  one  small,  one  middle  size, 
and  one  large. 

The  cost  of  the  labor,  fertilizer,  etc.,  on  the  one-quarter  acre  was  about  $15. 


Results  an  farm  ai  Freehold^  Monmouth  County, 


Date. 


1897. 

Aug.  30 

30 

Sept.   8 

8 

15 

15 

15 

20 

27 

27 

27 

Oct.      4 

4 

4 

14 

14 

14 

20 

20 

20 

Vov.    1 

1 

1 


Harked. 


Komark 

do 

do 

do 

GoTerniDeiit 

Kleinwanslebener . 

ViliDorin 

No  mark  (Jack)  — 

GoverDment 

Kleinwanalebener . 

ViimoriD 

GoTemment 

Klelmranslebener  . 

Vilmorin 

GoTommeiit 

Elelnwanalebeiier . 

Vilmorin 

Govammeiit ....... 

Xlniiiiranalebeiier . 

Vilmorin 

Qovenmiant 

KMnwaailalMner . 
YUmortai 


Weight  of  the  beet. 


With 
top  on. 

Pound*. 
1.171 
1.384 
1.481 
1.261 
2.003 
1.704 
1.724 
0.587 
4.391 
4.491 
4.292 
2.097 
i.633 
i.876 
i.662 
2.284 
L70C 
i.583 
2.416 
2.160 
2.813 
1.880 
L270 


With  top 
cutoff. 


Pounds. 
1.088 
1.161 
1.168 
1.000 
1.545 
1.329 
1.311 
0.505 
2.923 
S.0OO 
3.058 
1.700 
1.225 
1.479 
1.474 
1.770 
1.474 
1.378 
2.087 
1.716 
1.767 
1.000 
0.068 


Percentage  of 
sugar. 


In  the 
beet. 


10.45 
11.15 
11.75 
11.85 

9.80 
11.40 
12.40 
14.30 
10.40 
10.10 

0.90 
12.40 
12.00 
13.80 
11.50 
12.80 
14.20 
18.60 
11.00 
14.30 
13.40 
18.10 
14.80 


In  the 
juice. 


11.30 
12.50 
12.55 


10.60 
12.00 
13.10 
15.60 
11.25 
10.35 
10.55 
13.25 
13.10 
14.10 
12.75 
12.75 
16.66 
14.60 
12.70 
14.06 
18.50 
18.80 
16.86 


Purity  co- 
efficient. 


80.14 
83.30 
79.40 


80.60 
83.90 
84.50 
83.40 
81.50 
77.24 
78.47 
84.30 
82.40 
86.10 
80.20 
81.70 
84.10 
82.00 
81.90 
83.50 
78.00 
83.10 
88.20 
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Excluding  the  analyses  made  before  the  20th  of  September,  which 
would  be  anterior  to  the  manufacturing  season,  and  including  all  of 
those  made  after  that  date,  we  find  that  the  sixteen  samples  analyzed 
had  an  average  weight  of  27  ounces,  a  mean  content  of  sugar  of  12.5 
per  cent,  and  a  mean  purity  of  82.3.  These  data,  obtained  by  Mr. 
Vredenburgh,  in  conjunction  with  those  secured  from  the  analyses  of 
the  samples  forwarded  to  Washington,  indicate  the  possibilities  of  suc- 
cessfully establishing  the  industry  in  the  State  on  the  lands  which  are 
particularly  suited  thereto.  As  before  stated,  however,  the  danger  from 
a  slightly  too  high  temperature  mast  be  expected,  and  while  good 
beets,  capable  of  yielding  high  percentages  of  sugar,  and  with  high 
purities,  may  be  grown  in  New  Jersey,  it  is  scarcely  probable  that  they 
will  reach  as  high  a  grade  as  those  grown  farther  north. 

New  Mkxico. 

'  Only  three  samples  grown  in  New  Mexico  were  received  at  this 
laboratory  for  analysis.  These  were  all  grown  in  Mora  County  by  the 
La  Cneva  Ranch  Company.  The  average  size  of  these  samples  was 
small,  but  the  content  of  sugar  and  the  coefficient  of  purity  of  the  juice 
were  high.  In  connection  with  this  work  the  report  of  the  director  of 
the  agricultural  experiment  station  will  be  found  of  interest. 

RESULTS  OF  EXPERIMENTS  IN  NEW  MEXICO. 

Table  1. — Analyses  in  the  chemical  laboratory  of  the  Neto  Mexico  Experiment  Station 

prior  to  October  26 y  1897. 


Locality. 


New  Mexico  Agricaltand  Experiment  Station,  Mesilla  Park 

Harveeted  Sept.  16 

Harveate4lOct.  U.<.. 

Blue  Water: 

Harvested  Sept.  8 

Harvested  Sept.  30 

Albuquerque 

Santa  Fe 

Cent) 

Dorsey 

Chapham « 

Tularosa 

A  nthony 

MaxweUCity 

Hatch 

Socorro 

Lordsbnrg 

Bloeabure • • 

Aztec  Suoexperiment  Station 

Averagea,  etc 


Number 
of  sam- 
ples ana- 
lyzed. 


96 


Average 

weight  of 

beets. 


Pounda. 
1.21 
1.53 

1.38 
1.63 
1.73 
1.06 
1.04 
l.CO 
1.60 
1.08 
1.18 
2.77 
2.35 
.48 
.65 
3.55 
1.85 


1.61 


Average 
per  oent 
sugar  in 
the  juice. 


11.02 
12.47 

10.50 
12.70 
13.16 
14.10 
17.03 
12.60 
15.10 
11.20 
11.50 
14.15 
11.50 
15.50 
16. 20 
10. 8i) 
14.60 


13.18 
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Tablk  2. — Analyses  in  tlie  chemical  laboratory  of  the  New  Mexico  Experiment  Station 
heticeen  October  S5  and  November  15, 1897, 


Locality. 


County. 


Knmber 
of  sam- 
ples ana- 
lyzed. 


Averaf^e 
weight. 


Average 
per  cent 
aagar  in 
the  j  nice. 


Asteo  Snbexperiment  Station  . 

Farmington 

Jewett 

J)loe  Water 

Perea 

Las  Vegas 

EastLasvegae 

IMne  Spring 

Baton : 

MaxweUCity 

Dorsey 

Wagonmonnd 

Hatch 

riantaFe 

Hobart 

Lacue va  

Cerro 


Averages,  etc . 


San  Joan... 

....do 

do 

Valencia 

Bernalillo  .. 
San  Miguel . 

...dor..... 

Lincoln 

Colfax 

do 

.....do 

....do 

Dona  Ana  . . 

Santa  Fe 

do 

Mora 

Taos 


Pounds. 
1.5 
1.9 
1.9 
3.5 
2.7 
2.8 
3.2 
1.5 
2.1 
1.7 
1.1 
1.6 
1.7 
1.0 
1.9 
1.1 
1.5 


16.8 
17.6 
13.5 
10.6 
12.5 
13.5 
16.1 
13.5 
13.1 
15.3 
15.4 
13.9 
16.5 
15.9 
14.9 
17.6 
18.6 


15.3 


Table  3. — Analyses  in  the  chemical  laboratory  of  the  Neto  Mexico  Experiment  Station 
between  November  IS  and  December  SO,  1897, 


Locality. 


Averages,  etc . 


Duna  Ana . 


New  Mexico  Agricultural  Experiment  Station, 
MeeiUa  Park. 

Harvected  Nov.  16 

Harvested  Dec.  15 

Sample  came  in  not  marked 

Watrons 

Laoueva , — 

LosLunas 

Blue  Water 

Roewell 

Hagerman 

Santa  Fe 

Espanola 

Jewett San  Juan. 

Las  Vegas  Snbexperiment  Station San  Miguel . 


County. 


Mora 

do... 

Valencia. . 
...do... 
Chavez . . , 

Eddy 

SantaFe.. 
do. 


I 


Number, 
of  sam- 
ples ana- 
lysed. 


83 


Average 
weight. 


Pounds. 
1.7 
l.C 
1.5 

.8 
1.1 
2.5 
1.2 
1.7 
1.2 

.8 
1.6 
2.2 
1.6 


1.6 


Average 
percent 
sugar  in 
the  J  nice. 


13.9 
13.9 
17.4 
12.0 
15.6 
14.5 
13.8 
13.8 
13.5 
18.0 
14.1 
13.0 
17.6 


14.1 


Our  work  is  still  in  au  incomplete  condition,  as  we  have  not  had  time  to  estimate  the 
coefficient  of  parity  and  consider  some  other  points  in  connection  with  these  analyses. 
I  beg  to  call  yonr  attention  to  the  fact  that  nearly  all  of  the  beets  analyzed  here  were 
grown  by  fiirmers  who  had  had  no  preyious  experience  in  growing  beets,  and  whose 
habits  of  farming  are  extremely  loose.  We  can  say  definitely  that  if  these  beets 
had  been  grown  under  such  conditions  as  woald  be  expected  to  obtain  upon  a  well- 
regnlated  farm,  the  results  woald  have  been  very  much  more  satisfactory.  We  know 
that  the  conditions  under  which  the  most  of  the  samples  grew  on  the  station  farm 
here  were  not  of  the  most  satisfactory  kind,  as  we  are  trying  experiments  on  time 
of  planting,  time  of  harvesting,  variety  testing,  deep  and  shallow  plowing,  different 
modes  of  irrigation,  etc.  It  is  now  established  beyond  a  doubt  that  New  Mexico 
can  grow  large  crops  of  sugar  beets,  containing  a  yery  high  percentage  of  sugar. 

Located  at  Eddy,  in  the  southeastern  part  of  the  Territory,  there  is  already  estab- 
lished a  sugar-beet  factory,  doing  a  successful  and  profitable  business. 

In  the  northern  portions  of  the  Territory  coal  is  comparatively  cheap,  and  the 
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completion  of  a  railroad  now  in  process  of  building  will  very  materially  cheapen 
coal  in  the  soiTthem  part  of  the  Territory. 

Limestone  seems  to  be  scattered  pretty  well  thronghoat  the  Territory,  and  while 
we  have  not  had  time  to  go  fully  into  this  subject,  the  few  analyses  that  we  have 
made  indicate  that  the  Territory  affords  limestone  of  a  very  good  grade.  We  have 
just  taken  a  survey  of  the  limestone  and  waters  of  the  sugar-beet  districts.  The 
question  of  water  is  engaging  our  attention,  too ;  and  we  believe  that  water  of  fairly 
good  quality  can  be  secured. 

There  is  a  lively  interest  taken  in  sugar-beet  work  in  all  parts  of  the  Territory, 
and  from  the  tables  herewith  inclosed  the  most  favorable  locations  can  easily  be 
selected.  Particular  attention  should  be  called  to  the  Rio  Grande  Valley,  especially 
zho  northern  portion,  and  the  Animas  Valley.  This  latter  has  an  extensive  and 
abundant  supply  of  very  good  water,  but  at  present  no  railroad.  This  valley  seems 
to  be  a  very  promising  section  for  the  production  of  sugar  beets.  See  Aztec  and 
Farmington  in  the  tables. 

The  soils  of  the  Territory  contain,  I  think,  about  the  average  amount  of  nitrogen 
and  phosphoric  acid  and  about  the  usual  amount  of  potash.  They  have  a  decided 
advantage  over  the  soils  in  the  rainfall  districts,  because  the  fertility  is  largely  kept 
up  by  the  plant  food  contained  in  the  irrigating  water,  and  nearly  all  that  once  gets 
on  the  soil  remains,  as  very  little,  indeed,  is  lost  by  leaching  and  drainage. 

We  expect  to  publish  a  bulletin  about  the  Ist  of  February,  giving  our  results  in 
detail. 

Tlie  analyses  which  were  made  by  the  chemist  of  the  agricultural 
experiment  station  of  the  samples  received  by  him  are  classified  in 
accordance  with  the  time  at  which  they  were  made.  Ninety-six  analy- 
ses made  prior  to  October  25  showed  an  average  weight  of  the  samples 
of  26  ounces,  with  an  average  content  of  sugar  in  the  beet  of  12.5  i^er 
cent.    The  purity  coefficient  of  the  juice  is  not  given. 

Forty  samples  analyzed  between  the  25th  of  October  and  the  15th 
of  November  had  an  average  weight  of  27  ounces,  with  an  average 
content  of  sugar  in  the  beet  of  14.5  per  cent,  the  purity  coefiQcient 
not  being  stated. 

Eighty-three  samples  analyzed  between  November  15  and  December 
20  had  an  average  weight  of  26  ounces,  and  an  average  content  of 
sugar  in  the  beet  of  13.4  i^er  cent.    The  purity  was  not  given. 

It  is  evident  that  there  are  many  localities  in  New  Mexico  where  the 
conditions  of  temperature  are  most  favorable  to  the  growth  of  beets. 
There  are  also  large  areas  of  fairly  level  land  which  are  capable  of  irri- 
gation. Wherever  the  temperature  of  these  regions  is  sufficiently  low 
to  permit  the  proper  development  of  the  beet,  and  where  sufficient 
water  for  irrigation  can  be  secured,  there  is  reason  to  believe  that  the 
industry  may  be  established  and  prove  to  be  fairly  profitable.  While 
the  summer  days  in  New  Mexico  are  not  so  long  by  an  hour  or  more  as 
in  the  regions  farther  north,  the  amount  of  sunshine  which  the  growing 
beet  will  receive  is  practically  as  great  as  in  more  northern  localities, 
because  of  the  comparative  absence  of  cloudy  and  rainy  days.  The 
remarks  which  have  already  been  made  in  regard  to  the  growth  of 
beets  on  irrigated  areas  apply  to  New  Mexico.  This  is  a  subject  which 
demands  the  most  careful  scientific  study,  and  the  work  which  is  now 
doing  by  the  agricultural  experiment  station  of  the  Territory  is  oertam 
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to  bear  excellent  fruits  in  the  near  future.  New  Mexico  is  provided 
with  Sk  beet-sugar  factory  in  the  extreme  southwestern  portion  of  the 
Territory,  and  thus  a  practical  demonstration  of  the  possibilities  of 
beet  growing  can  be  made.  It  is  difficult  to  secure  definite  data  from 
this  factory,  but  from  the  meager  reports  received  it  is  believed  that 
the  season's  work  has  not  been  so  successful  as  had  been  expected  from 
the  results  obtained  during  the  preceding  year.  Accounts  have  been 
received  of  a  mold  or  fungus  attacking  the  beets,  and  it  is  also  evident 
that  the  true  principles  of  irrigation  have  not  yet  been  thoroughly 
worked  out.  There  should  not,  however,  be  anything  discouraging  in 
accidents  of  this  kind,  as  the  conditions,  upon  the  whole,  are  such  as 
to  warrant  the  expectation  of  final  success. 

Nbw  York. 

On  January  16, 1894,  in  addressing  the  New  York  Farmers  Club  on 
the  subject  of  beet  sugar,  I  used  the  following  words: 

The  plateaus  of  the  groat  West  subjeet  to  irrigation  are  especially  suited  to  the 
production  of  sugar  beets.  The  same  is  true  of  the  lands  of  certain  portions  of 
Nebraska  and  Dakota,  of  Iowa,  Minnesota,  and  Wisconsin,  of  northern  Illinois,  Indi- 
ana, Ohio,  and  New  York.  Becently,  in  passing  over  the  valley  of  the  Genesee  River, 
I  was  particularly  struck  with  the  quality  of  the  soil  and  its  suitability  to  beet  cul- 
ture. The  valley  of  the  Genesee  is  only  a  type  of  hundreds  of  thonsands  of  acres  in 
New  York  which  could  be  profitably  devoted  to  beet  culture. 

At  that  time  practically  no  experiments  had  been  made  to  determine 
the  suitability  of  the  soil  and  climate  of  New  York  for  producing  high- 
grade  beets.  In  fact,  not  until  the  last  year  has  any  systematic  attempt 
been  made  to  ascertain  the  capabilities  mentioned  above.  In  the  spring 
of  1896,  in  conversation  with  a  committee  of  the  board  of  trustees  of  the 
agricultural  experiment  station  at  Geneva,  I  urged  upon  them  the 
desirability  of  studying  the  capabilities  of  New  York  for  beet  produc- 
tion. In  1897  the  Department  of  Agriculture,  in  cooperation  with  the 
experiment  stations  at  Geneva  and  Ithaca,  conducted  a  series  of  inves- 
tigations throughout  the  State  of  New  York,  which  has  given  data  of 
extraordinary  interest  and  importance. 

The  climaticconditions,  as  respects  temperature  and  rainfall,  affecting 
the  State  of  New  York  have  already  been  discussed.  It  has  been  seen 
that  there  are  two  areas  in  which  the  thermal  conditions  are  particu- 
larly favorable,  separated  by  a  large  area  where  the  mean  summer 
temperature  is  less  tban  69°.  It  has  already  been  pointed  out,  how- 
ever, that  a  lower  temperature  than  69^  is  still  highly  favorable  to  the 
production  of  beets  of  8ui)erior  excellence  if  coupled  with  conditions 
which  permit  their  maturity  and  harvest  in  time  to  avoid  the  severe 
frosts  of  winter.  These  conditions  exist  in  a  marked  degree  through- 
out the  whole  of  the  region  in  New  York  lying  between  the  Hudson 
Biver  on  the  east  and  the  Great  Lakes  on  the  west,  excluding  the 
-extreme  northern  portion,  where  the  altitude  and  mountainous  char- 
acter of  the  country  preclade  the  possibilities  of  beet  culture.    The 
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whole  of  the  area  named,  therefore,  where  the  contour  is  favorable  and 
the  character  of  the  soil  suitable  may  be  regarded  as  a  prospective  area 
of  sugar-beet  culture. 

SAMPLES  RECEIVED  AT  THE  DEPARTMEKT  OF  AGRICULTURE. 

Prom  the  seed  distributed  to  farmers  in  different  parts  of  the  State, 
225  samples  of  beets  were  received  at  the  Department  of  Agriculture 
for  analysis.  The  mean  weight  of  these  samples  was  21  ounces,  the 
mean  percentage  of  sugar  in  the  beet  15,  and  the  mean  coefficient  of 
purity  82.4.  Every  county  in  the  State  reporting  results  showed  favor- 
able data.  The  counties  having  the  largest  number  of  samples  of 
course  gave  data  which  are  the  most  instructive. 

Cattaraugus  County  supplied  15  samples,  with  a  mean  weight  of  18 
ounces,  a  mean  percentage  of  sugar  in  the  beet  of  15.1,  and  a  mean 
coefficient  of  purity  of  81.9. 

Chautauqua  County  furnished  45  samples,  with  a  mean  weight  of  21 
ounces,  a  mean  sugar  content  in  the  beet  of  16.6  per  cent,  and  a  mean 
coefficient  of  purity  of  82.7. 

Erie  County  sent  37  samples,  having  a  mean  weight  of  19  ounces,  a 
mean  content  of  sugar  of  15.9  x>er  cent  in  the  beet,  and  a  mean  coeffi- 
cient of  purity  of  83.9. 

Oneida  County  was  the  source  of  22  samples,  with  a  mean  weight  of 
14  ounces,  a  mean  sugar  content  of  13.6  per  cent,  and  a  mean  coeffi- 
cient of  purity  of  81.8. 

Ontario  County  furnished  22  samples,  having  a  mean  weight  of  17 
ounces,  a  mean  content  of  sugar  in  the  beets  of  15  per  cent,  and  a  mean 
coefficient  of  purity  of  83.4. 

Yates  County  supplied  15  samples,  having  a  mean  weight  of  23 
ounces,  a  mean  sugar  content  of  12.7,  and  a  mean  coefficient  of  purity 
of  79.6. 

The  uniformly  good  properties  of  so  large  a  percentage  of  samples 
collected  in  the  promiscuous  way  made  necessary  by  the  method  of 
the  experiments  show  beyond  question  the  favorable  auspices  under 
which  they  must  have  been  grown. 

In  addition  to  the  special  plot  work  on  high-grade  beets  which  was 
conducted  under  the  supervision  of  the  Geneva  station,  cooperative 
work  by  the  Department  of  Agriculture,  in  conjunction  with  the 
farmers  of  the  State,  was  also  carried  on.  From  the  whole  number  of 
packages  of  seed  distributed  by  the  station,  135  samples  of  beets  were 
received  for  analysis,  and  the  results  obtained,  without  distinction  of 
locality,  are  shown  in  the  following  report  of  Director  Jordan: 

RESULTS   OF   EXPERIMENTS  IN  NEW  YORK. 

Tho  nnmbor  of  samples  reported  is  135,  which  came  from  a  safflcient  nnmber  of 
points  in  the  State  to  make  them  fairly  representative  of  the  conditions  prevailing. 

I  make  no  report  to  yoa  of  the  production,  because  in  most  instances,  whenever 
the  tonnage  was  reported,  the  figures  appeared  to  us  to  be  unreliable  because  of  the 
methods  used  in  reaching  them. 
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Beeta  con- 

Number 

Average 

per  cent 

sugar  in 

beet. 

Coeffi. 

Average 

taining 

of  sam- 

cient of 

weight  of 

sugar. 
Per  cent. 

ples. 

purity. 

one  beet. 

Ounces, 

11-12 

4 

12 

76.6 

20 

12-13 

11 

13 

76.4 

18 

13-14 

10 

13.8 

80 

14-15 

11 

14.7 

80.3 

15-16 

15 

15.8 

84.3 

16-17 

11 

16.5 

85.3 

17-18 

13 

17.6 

85.2 

18-19 

3 

18.5 

86.9 

13 

Vilmorin  Improved, 


Number 

of 
samples. 

Average 

per  cent 

sugar  in 

beet. 

11.7 
12.8 
13.8 
14.8 
16.6 
16.6 
17.8 
18.6 

Coeffici- 
ent of 
purity. 

Average 
weight  of 
one  beet. 

17 

75 

76.7 

82.4 

83 

82 

87.6 

85.4 

83.8 

Ouncea. 
16 
24 
19 
16 
16 
16 
18 
24 

My  chief  anxiety  with  regard  to  the  development  of  the  sngar-beet  indnstry  in 
New  York  is  that  farmers  shall  not  reach  unwarranted  conclusions  concemiug  the 
profits  of  their  side  of  the  work.  I  have  no  reason  to  believe  that  the  industry  will 
prove  more  profitable  to  our  farmers  than  the  production  of  several  crops  which  we 
are  now  growing.  I  recognize,  of  course,  the  benefits  of  adding  to  our  list  of  crops 
auothor  one  which  will  have  a  ready  cash  market. 

There  appears  to  be  a  move  all  over  the  State  for  the  establishment  of  factories  at 
desirable  centers,  and  promoters  are  already  in  the  field  who  are,  as  a  rule,  urging 
the  farmer  to  invest  in  beet  sugar-factory  stock.  I  am  very  much  afraid  that  there 
will  be  serious  misdirection  of  capital,  which  will  not  only  cause  the  farmer  to 
lose  money,  but  seriously  disappoint  him  in  regard  to  the  benefits  from  growing 
sngar  beets.  My  judgment  is  that  the  matter  should  be  discussed  by  those  who  take 
the  lead  in  the  matter  in  the  most  conservative  way,  and  both  farmers  and  business 
men  should  be  severely  cautioned  to  proceed  slowly  and  only  after  extended  and 
careful  investigation. 

A  carefully  grown  crop  of  sugar  beets  yielded  on  the  experiment  station  farm 
this  season  at  the  rate  of  16^  tons  per  acre,  carrying  15.2  per  cent  sugar  in  the 
beet  and  16  per  cent  in  the  juice.  No  dependence  should,  in  my  judgment,  be  placed 
upon  the  reports  of  yields  of  25  and  30  tons  per  acre  of  high-g^ade  beets  in  this 
State. 

In  studying  the  report  of  Director  Jordan  we  see  that  of  the  Klein- 
wanzlebener  variety  only  four  samples  out  of  the  whole  number  fell 
below  the  minimum  of  12  per  cent  of  sugar  in  the  beets,  and  of  the 
Yilmorin  variety  only  three.  This  is  without  doubt  a  remarkable  show- 
ing of  excellence,  in  so  far  as  the  content  of  sugar  is  concerned.  The 
caution  of  Director  Jordan  to  proceed  carefully  in  this  matter,  and 
with  a  due  study  of  the  factors,  is  perfectly  in  harmony  with  the  tenor 
of  the  reports  which  have  been  issued  by  the  Department  of  Agricul- 
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tare,  on  the  subject  of  beet  sagar,  from  time  to  time  daring  the  past 
fifteen  years,  and  is  deserving  of  careful  consideration,  l)oth  by  intend- 
ing investors  and  farmers.  Our  reports  have  constantly  dwelt  upon 
the  danger  of  misdirected  enthasiasm  and  failure  to  study  properly  all 
the  factors  entering  into  any  enterprise  connected  with  the  manufacture 
of  sugar. 

The  agricultural  experiment  station  of  Cornell  University,  at  Ithaca, 
also  cooperated  with  the  Department  in  the  experimental  work  in  New 
York.  Four  hundred  and  twenty -five  samples  were  received  for  analy- 
sis at  the  experiment  station  at  Ithaca.  The  data  obtained  on  analysis, 
arranged  by  counties,  are  given  in  the  report  of  Director  Roberts.  In 
this  report  the  percentage  of  sugar  in  the  juice  of  the  beet  only  is 
given,  the  mean  being  16.9.  Converting  this  number  into  terms  of 
the  sugar  in  the  beet,  the  percentage  becomes  16.1,  which  is  one  point 
higher  than  the  mean  percentage  of  sugar  in  the  samples  from  New  York 
analyzed  by  the  Department  of  Agriculture.  The  coefficient  of  purity, 
83.5,  obtained  at  the  Ithaca  station  is  only  a  little  over  one  point  higher 
than  that  secured  from  the  analyses  by  the  Department  of  Agriculture. 

Director  Eoberts,  in  his  report,  estimates  that  the  mean  yield  per 
acre  obtained  in  the  State  of  New  York  was  17  tons,  but  as  his  esti- 
mate is  made  upon  the  returns  made  by  the  farmers,  many  of  which 
are  evidently  too  high,  it  is  not  final  as  a  source  of  deductions  in 
regard  to  the  average  yield  which  may  be  obtained.  It  is  not  at  all 
likely  that  an  average  yield  of  16  tons  per  acre  could  be  obtained,  even 
by  the  best  culture. 

The  counties  furnishing  the  data  with  the  most  weight  are  Broome, 
Chautauqua,  Brie,  Genesee,  Monroe,  Steuben,  and  Wayne.  Chautau- 
qua County,  especially,  is  to  be  regarded  on  account  of  the  mean  data 
being  based  upon  122  separate  samples,  in  which  the  mean  percentage 
of  sugar  in  the  juice  was  16.8,  and  the  mean  coefficient  of  parity,  83.5. 
The  next  highest  number  is  furnished  by  Genesee  County,  where  the 
mean  percentage  of  sugar  in  the  juice  from  62  samples  is  16.6,  and  the 
coefficient  of  purity,  82.9.  Monroe,  with  59  samples,  showed  a  mean 
sugar  content  in  the  juice  of  17.2  per  cent,  and  a  mean  coefficient  of 
purity  of  83.9.  Erie  County,  with  38  samples,  gave  a  mean  content  of 
sugar  in  the  juice  of  17.9  per  cent,  and  a  mean  coefficient  of  purity 
of  86.3.  Wayne  County  furnished  27  samples,  having  a  mean  content 
of  sugar  in  the  juice  of  16.7  per  cent,  and  a  mean  coefficient  of  purity  of 
82.9.  Broome  County  sent  25  samples,  containing  16.2  per  cent  of 
sugar  in  the  juice,  with  a  coefficient  of  purity  of  81.8;  and  Steuben 
County  furnished  24  samples,  containing  16.2  per  cent  of  sugar  in  the 
juice,  with  a  coefficient  of  purity  of  82.6.  Following  is  the  report  of 
Prof.  Eoberts : 

The  500  ponnds  of  Bugar-beet  seed  sent  us  by  the  Department  of  Agricnltare 
■were  distributed  to  over  300  farmers  of  the  State,  with  directions  ns  to  preparation 
of  the  soil,  planting,  and  cultivating.    During  the  growing  season,  the  larger  part  of 
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the  plats  was  inspected  by  an  officer  of  tbis  station  and  observations  made  as  to 
the  general  conditions  fonnd. 

The  season  was  a  favorable  one,  and  in  nearly  all  cases  tbe  beets  made  good 
l^owtb,  and  that  tbe  per  cent  of  sugar  was  satisfactory  will  be  shown  by  the  table 
of  analyses  given  later. 

It  is  safe  to  say  that  the  citizens  of  New  York  State,  both  capitalists  and  farmers, 
are  thoroughly  awakened  to  the  importance  of  the  subject  of  the  manufacture  of 
sugar  from  beets.  During  the  season  one  factory  has  been  in  successful  operation 
at  Rome,  N.  Y.  Other  factories  are  contemplated,  and  at  the  present  time  agents 
are  in  France  negotiating  for  machinery  to  be  used  in  a  large  factory  to  be  erected 
the  coming  season. 

Officers  of  this  station  attended  eight  meetings  of  farmers  and  capitalists  to  givo 
information  and  advice  as  to  the  advisability  of  locating  factories  in  certain  sections 
of  the  State.  Abundance  of  capital  is  ready  to  be  invested  once  the  success  of  the 
industry  is  assured.  Farmers  feel  that  in  the  raising  of  sugar  beets  a  new  avenue 
is  open  for  them,  and  in  most  parts  of  the  State  favorable  for  the  growth  of  beets 
they  are  heartily  favoring  the  new  enterprise. 

When  the  various  experimental  plats  were  harvested,  agents  from  this  station  per- 
sonally superintended  the  taking  of  the  samples  and  the  calculations  of  yield  on  178 
of  the  plats.  To  those  farmers  whose  plac«>s  we  were  unable  to  visit  directions  were 
sent  as  to  how  the  samples  should  be  taken  and  the  yield  estimated;  so  it  is  believed 
that  this  report  of  results  is  a  fair  statement  of  what  can  be  done  in  New  York  State 
in  the  way  of  raising  sugar  beets. 

The  necessity  now  seems  to  be  the  education  of  the  farmers  in  the  system  of 
intensive  culture  necessary  for  the  successful  raising  of  the  beets.  The  farmers 
appreciate  the  importance  of  this  instruction,  and  are  eager  to  learn.  It  is  safe  to 
predict  that  the  manufacture  of  sugar  from  beets  is  to  be  one  of  New  York's  promi- 
nent industries  in  the  near  future. 

The  following  report  is  furnished  by  our  chemists,  summarizing  the  results  by 
counties : 

Report  of  augar-heet  experiments  in  New  York,  1897, 


County. 

Sugar  In 
juice. 

Purity 
coefiioieut 
of  juice. 

86.6 

Total 
number 
of  sam- 
ples ana- 
lyzed. 

County. 

juice.    '    fjuico. 

Total 
number 
of  sam- 
ples ana- 
lyzed. 

^bany 

Percent. 
17.25 
16.23 
16.94 
17.34 
16.83 
17.93 
16.62 
13.85 
16.16 
19.25 
17.22 
15.08 
17.31 

1 

Oneida 

Percent. 
16.16 
17.40 
17.20 
14.45 
20.25 
16.26 
16.58 
16.24 

82.1 
86.6 
86.1 
76.1 
86.6 
79.7 
83.2 

fi9   A 

4 

Broome 

81.8 
84.5 
84.3 
83.5 
86.3 
82.9 
79.2 
81.0 
85.6 
83.9 
79  3 

25 

15 

10 

122 

38 

62 

1 

3 

1 

59 

Onondaga  

Orleans 

1 

Cattaraugus 

Cavnffft 

3 

Oswego 

1 

Chautauqua 

Erie 

Saratoga 

1 

Schuyler 

2 

Genesee 

Seneca 

5 

Herkinier 

Steuben 

2i 

Tioga 

18. 73            82.  7 
17.49  1         8.3.1 
16.74'         82.9 

2 

Livinf^ton 

Tompkins 

Wayne 

8 
27 

Montgomery 

Niagara 

Average .... 

83.4                 7 

16.89  1          83.5 

425 

1 

From  the  foregoing  data,  the  conclusion  is  inevitable  that  the  State 
of  New  York  stands  among  the  first  in  the  Union  in  its  capabilities  of 
prodacing  beets  with  a  high  content  of  sugar  and  a  high  purity.  The 
meager  data  at  hand  also  show  that  a  fair  tonnage  per  acre  can  be 
secured.  It  is  evident  that  with  proper  fertilization  and  rotation  of 
crops  the  fertility  of  the  soil  can  not  only  be  maintained,  but  even 
increased,  so  that  it  is  not  unreasonable  to  expect,  under  the  best  con- 
H.  Doc.  396 7 
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ditions  of  calture,  that  the  mean  tonnage  per  acre  produced  in  the 
State  of  New  York  will  be  qaite  eqaal  to  that  of  the  best  sugar  regions 
of  Germany.  Judging  by  the  data  obtained  from  a  single  season 
alone,  there  is  no  sugar-beet  producing  country  of  Europe  that  can 
compete  with  the  State  of  New  York  in  the  richness  of  its  beets.  If  a 
factory,  constructed  on  the  best  approved  modern  principles,  and  with 
every  facility  for  converting  the  whole  of  the  sugar  into  marketable 
form,  could  be  supplied  with  such  beets  as  were  grown  in  the  State  of 
New  York  during  the  season  of  1897,  it  would  be  capable  of  placing 
upon  the  market  240  pounds  of  pure  granulat^'d  sugar  for  every  t^m  of 
2,000  pounds  of  beets  entering  into  manufacture.  When,  in  addition 
to  these  facts,  are  considered  the  cheapness  of  fuel,  the  abundance  of 
labor,  the  proximity  of  markets,  and  the  importance  of  the  dairy  Indus 
try  in  its  relations  to  the  refuse  of  the  factory  as  a  feed,  it  is  seen  that 
there  is  no  place  in  the  United  States  which  offers  more  favorable 
inducements  for  the  development  of  the  industry. 

ELEVATION  OF  REGIONS  OF  NEW  YORK  SUITED  TO  BEET  CULTURE. 

A  contour  map  of  the  State  of  New  York,  showing  the  elevations 
above  tide  water,  is  found  in  the  fifth  annual  rejwrt  of  the  meteoro- 
logical buieau  and  weather  service  of  the  State  for  1893.  The  eleva- 
tion in  the  region  of  the  CatKkills  in  some  places  reaches  an  altitude  of 
3,000  feet.  Immediately  west  of  this  mountainous  region,  and  extend- 
ing to  Binghamton  on  the  south  and  almost  across  the  State  through 
the  south  central  portion,  there  is  a  large  area  In  which  the  average 
elevation  is  1,(»00  feet.  In  the  southwestern  portion  of  the  State  there 
is  a  considerable  area  the  elevation  of  which  is  1,500  feet.  The  region 
of  the  Adirondacks  and  the  northeastern  portion  of  the  State  has 
various  elevations,  but  as  these  regions  are  pi^obably  too  far  north  for 
successful  beet  culture  they  do  not  interest  us  here.  Starting  from 
Albany  with  an  average  elevation  of  100  feet  and  following  the 
course  of  the  New  York  Central  Railway,  we  pass  through  an  area  a 
large  portion  of  which  is  below  500  feet  in  elevation.  Prom  liome 
through  Syracuse  and  as  far  west  as  Lyons  the  average  elevation  is 
less  than  500  feet,  with  the  exception  of  small  areas.  From  Lyons  to 
Buffalo  the  average  elevation  is  above  500  and  less  than  1,0(K)  feet. 
Immediately  along  the  shores  of  Lake  Ontario  the  average  elevation  is 
less  than  500  feet.  Passing  to  the  south  near  Rochester,  ah>Dg  the 
Genesee  Valley,  is  a  considerable  area  below  500  feet  in  elevation. 

An  interesting  description  of  the  physical  contour  of  the  State  is  given 
in  the  report  mentioned  above  as  taken  from  the  work  oi  Prof.  Arnold 
Guyot.    This  description  is  as  follows: 

The  following  outline  of  the  orography  of  New  York  is  snhstantiaUy  as  given  hy 
Prof.  Arnold  Guyot.  Further  details  are  exhibited  by  the  accompanyiug  relief 
map. 
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The  mass  of  the  State  is  a  triangular  table-land  elevated  1,500  or  2,000  feet  above 
the  ocean,  and  may  be  considered  the  northeastern  extremity  of  the  plateau  which, 
in  this  latitude,  forms  the  western  half  of  the  Appalachian  system.  The  natural 
limit  of  this  belt  toward  the  west  and  north  is  the  large  depression  of  Lakes  Erie 
and  Ontario,  and  which  continues  down  the  course  of  the  St.  Lawrence  River  to 
the  ocean.  In  the  east  the  table-land  is  terminated  by  the  deep  valley  occupied  by 
Lake  Champlain  and  the  Hudson  River,  while  southward  the  highlands  extend 
without  interruption  into  Pennsylvania.  The  eastern  edge  along  the  Hudson  and 
Champlain  valleys  is  formed  by  a  series  of  mountain  chains  more  or  less  isolated 
from  each  other,  and  bearing  the  highest  summits  in  the  State.  They  are:  The 
Highlands,  which  cross  the  Hudson  at  the  limit  of  the  coast  region;  the  Shawan- 
gunk  and  Catskill  mountains,  on  the  western  bank  of  the  river,  and  the  system  of 
the  Adirondacks,  covering  the  territory  between  the  St.  Lawrence  and  Champlain 
valleys.  Within  this  eastern  wall  the  true  mountain  chains  cease,  but  the  remain- 
der of  the  plateau  is  indented  by  numerous  valleys,  the  bottoms  of  which  are 
generally  several  hundred  feet  below  the  common  level,  and  which  are  separat-ed  by 
high  ridges.  A  remarkable  feature  is  the  deep  transversal  cut  which  forms  the 
valley  of  the  Mohawk  and  Lake  Oneida,  opening  a  channel  from  tlie  low  country  of 
the  Lake  region  to  the  Hudson  valley,  and  thus  dividing  the  main  plateau  into  the 
distinct  masses  of  the  Appalachian  and  Adirondack  systems. 

A  subdivision  of  the  central  or  Appalachian  highlands  is  due  to  the  deep  channel 
of  Seneca  Lake,  extending  from  the  plains  bordering  Lake  Ontario  southward  to 
the  valley  of  the  Susquehanna.  The  two  sections  of  the  highlands  thus  separated 
are  here  designated  as  the  eastern  and  western  plateaus,  the  former  extending  from 
the  central  lakes  to  the  Hudson  Valley,  and  the  latter  westward  from  the  central 
lakes  to  the  depression  of  Lake  Erie. 

North  Dakota. 

Only  four  samples  were  received  from  North  Dakota,  the  average 
weight  of  which  was  28  ounces,  and  the  mean  percentage  of  sugar  in 
the  beet  10.5.  On  account  of  the  low  content  of  sugar,  purity  coeffi- 
cients were  not  computed. 

No  report  has  been  received  from  the  director  of  the  North  Dakota 
station  in  regard  to  any  work  which  has  been  carried  on  by  that  station. 
The  data  of  the  four  samples  received  are  likely  to  be  misleading,  as  it 
is  evident  that  North  Dakota  is  capable  of  producing  very  much  better 
beets  than  are  indicated  by  the  data  in  the  analytical  tables. 

North  Carouna. 

By  consulting  the  map  it  may  be  seen  that  there  are  many  localities 
in  North  Carolina  where  the  thermal  conditions  are  favorable  for  the 
growth  of  high  grade  beets.  It  is  doubtful,  however,  whether  upon  the 
summits  of  the  Allegheny  Mountains,  where  these  conditions  exist,  a 
sufficient  area  of  suitable  soil  could  be  secured  to  warrant  the  expecta- 
tion of  establishing  successfully  a  beet-sugar  industry  in  that  State. 

Only  seven  samples  were  received  from  North  Carolina  by  the  Depart- 
ment of  Agriculture.  The  mean  weight  of  these  samples  was  23  ounces, 
and  the  mean  percentage  of  sugar  in  the  beet  9.1.    On  account  of  the 
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low  i>olarizatioii  of  tbe  samples,  it  was  not  deemed  necessary  to  make 
a  computation  of  the  coefficient  of  purity. 

No  analyses  were  made  at  the  laboratory  of  the  experiment  station 
of  North  Carolina  during  the  year,  although  the  director  of  the  station 
has  been  much  interested  in  the  work,  and  proposes  to  continue  it 
another  season. 

Ohio. 

Sixty- eight  samples  of  beets  grown  in  Ohio  were  received  at  the 
Department  laboratory  for  analysis.  The  mean  weight  of  these  beets 
was  22  ounces,  the  mean  content  of  sugar  13.8  per  cent,  and  the  mean 
coefficient  of  purity,  79.1.  Grouped  by  belts  into  northern,  central,  and 
southern,  the  character  of  the  beets  grown  in  Ohio  and  analyzed  at  the 
Department  of  Agriculture  is  shown  in  the  following  table: 

Summary  of  analyses  of  beets  from  Ohio,  by  belts. 


BeltB. 

Number    ^^^^^ 
Kunplea.     weight. 

Sugar  in 
beeU. 

Purity 
coeffi- 
cient. 

Northern  belt          

Ounces. 
42  *             91 

Percent 
14.1 
13.6 
12.7 

7B.Q 

Central  belt 

19 
7 

23 
26 

78.5 

Southern  belt 

75.7 

It  will  be  seen  from  the  above  that  the  northern  belt  of  the  State 
produced  the  best  beets,  both  in  content  of  sugar  and  purity,  and  in 
this  respect  the  data  obtained  by  the  Department  corroborate  in  every 
particular  those  secured  by  the  Ohio  flxperinient  Station  mentioned 
below.  It  is  evident,  from  a  consideration  of  the  two  sets  of  data,  that 
the  northern  portion  of  Ohio  offers  favorable  inducements,  both  tor  the 
culture  of  the  beet  from  an  agricultural  point  of  view  and  by  reason  of 
cheapness  of  fuel  and  the  facilities  of  transportation  from  the  manu- 
facturing point  of  view.  It  is  evident,  however,  that  the  central  and 
southern  parts  of  the  State,  as  is  the  case  with  Indiana  and  Illinois, 
should  not  be  exploited  with  the  purpose  of  investing  money  in  the 
beet-sugar  industry  until  the  available  localities  in  the  northern  regions 
are  entirely  occupied. 

With  the  cooperation  of  the  Department  of  Agriculture,  the  agri- 
cultural experiment  station  of  Ohio  distributed  a  large  quantity  of  seed 
to  farmers  in  that  State,  and  from  the  seed  so  distributed  607  samples 
of  beets  were  forwarded  to  the  station  and  analyzed.  The  results  of 
the  analyses  by  counties  are  given  in  the  following  table: 
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EXPERIMENTS   CONDUCTED   BY  THE   OHIO   AGRICULTURAL  EXPERIMENT    STATION. 

Summary  of  results  of  sugar-beet  investigation  for  OhiOy  1897. 


Marion 

Medina 

Mercer 

Miami 

Montgomery 

MuHkiDgum 

Ottawa.. 

Pnulding 

Perry  ... 

Pickaway 

Pike 

Portage 
Patnam 
Richland 

KOHS 

Sandusky 

Seneca 

Shelby 

SUrk 

Summit 

Tuscarawas 

Union 

Van  Wert 

Wavno  -  - 

Williams 

Wood 

Wyandot 

Southern  section  . .  G9 
Middle  section  ... .  146 
Northern  section  .|  392 

Entire  State.  b607 


a  Not  included  in  average  of  State. 

b  Some  samples  were  received  without  name  and  address  of  grower. 

It  will  be  observed  from  the  above  table  that  the  number  of  samples 
analyzed  was  607.  Only  554,  however,  of  these  samples  figure  in  the 
averages  for  the  State,  the  others  having  been  rejected  for  computing 
purposes  by  reason  of  certain  abnormalties  which  they  presented.  The 
Ohio  results  are  exceedingly  encouraging  from  every  point  of  view, 
with  the  exception  of  purity  alone.  The  average  weight  of  the  beets 
was  867  grams,  equivalent  to  30.6  ounces.  The  average  per  cent  of 
sugar  in  the  expressed  juices  was  14  per  cent,  equivalent  to  13.3  per 
cent  in  the  beet,  and  the  average  coefficient  of  purity  of  the  juices  was 
78.7.  The  most  interesting  grouping  of  the  samples  is  shown  at  the  end 
of  the  table,  i»articularly  so  because  in  the  State  of  Ohio  the  most  favor- 
able theoretical  thermal  conditions  prevail  only  in  the  northern  counties. 
The  grouping  of  the  total  number  of  samples  into  three  portions,  repre- 
senting the  northern,  central,  and  southern  sections  of  the  State,  shows 
in  a  convincing  manner  the  effect  of  thermal  conditions  on  the  sugar 
content  of  the  beet.  The  northern  counties  furnished  392  samples, 
with  an  average  weight  of  834  grams,  equivalent  to  29.4  ounces,  with 
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an  average  percentage  of  14.3  per  cent  of  sugar  in  the  juice,  equivalent 
to  13.G  per  cent  in  the  beet,  with  an  average  coefficient  of  purity  of  79.4. 
The  middle  section  furnished  146  samples,  with  an  average  weight  of 
924  grams,  equivalent  to  32.6  ounces,  with  a  mean  content  of  sugar  of 
13.9  per  cent  in  the  juice,  or  13.2  per  cent  in  tlie  beet,  and  a  mean 
coefficient  of  purity  of  78.  The  southern  section  furnished  69  samples, 
with  an  average  weight  of  892  grams,  equivalent  to  35  ounces,  a  mean 
percentage  of  12.8  per  cent  of  sugar  in  the  juice,  or  12.2  per  cent  in  the 
beet,  and  a  mean  coefficient  of  purity  of  75.3. 

It  is  seen  by  the  above  that  there  is  marked  improvement,  both  in 
the  percentage  of  sugar  and  the  purity  of  the  juice,  in  the  beets  in  Ohio 
as  we  advance  from  its  southern  to  its  northern  border. 

The  results  of  the  work  of  the  experiment  station  of  Ohio  have 
already  been  published  as  Bulletin  No.  90  of  that  station,  and  interest- 
ing details  connected  with  the  above  data  can  be  found  therein.  The 
bulletin  also  contains  interesting  maps,  showing  isothermal  lines  and 
conditions  of  i)recipitation  in  the  State.  The  remarks  of  the  authors  of 
the  bulletin,  namely,  Mr.  A.  D.  Selby  and  Mr.  L.  M.  Bloomfield,  on  the 
general  character  of  the  results  are  interesting  and  are  found  below: 

Taken  as  a  whole,  these  analyses  seem  to  indicate  that  beets  of  good  quality  may 
be  grown  in  most  counties  of  the  middle  and  northern  sections  of  Ohio,  and,  further, 
that  many  portions  of  the  southern  section  may  be  adapted  to  sugar-beet  growing, 
although  on  the  wliole  less  promising  than  more  northerly  districts.  The  analyses 
from  Fayette,  Pickaway,  Ross,  Pike,  and  Perry  counties  appear  encouraging.  The 
sugar  content  in  Koss  County  is  decidedly  reassuring,  though  the  purity  is  slightly 
below  the  standard.  Judging  by  the  samples,  this  might  have  been  greatly  improved 
by  more  careful  culture  and  better  selection  of  typical  specimens.  The  anfavorable 
results  in  Greene  and  Montgomery  counties  are  not  taken  to  indicate  what  may 
really  be  done  in  these  counties.  For  the  southern  section,  and  particularly  the  val- 
ley districts,  further  trials  should  be  made.  Close  planting  shoald  be  practiced  on 
rich  lands. 

For  the  middle  section,  as  a  whole,  good  sugar  beets  may  apparently  be  grown 
when  growers  have  learned  what  to  avoid  in  planting  and  culture.  The  low  aver- 
ages in  samples  from  Mercer,  Hardin,  and  Coshocton  counties  may  not  certainly  be 
taken  as  conclusive  evidence  of  conditions  unfavorable  to  sugar-beet  culture.  Those 
reported  from  sandy  soils  in  Mercer  County  show  a  fair  purity.  ITie  results  from 
Belmont,  Muskingum,  and  Tuscarawas  counties  point  to  better  things  in  the  eastern 
counties  than  previously  anticipated.  More  trials  in  this  region  another  year  Are 
certainly  warranted  by  these  analyses. 

As  anticipated  from  previous  trials,  it  is  the  northern  section  which  makes  the 
most  favorable  showing  as  a  whole.  Samples  were  received  from  every  county  of 
the  northern  section  except  Trumbull,  Mahoning,  Hancock,  and  AUen.  A  sample 
was  received  from  Columbiana  County  after  the  tables  had  been  completed.  While 
the  lake  shore  district  shows  to  good  advantage  here,  the  counties  situated  along 
the  summer  isothermal  of  70°  F.  are  but  slightly,  if  at  all,  inferior,  though  repre- 
sented by  a  much  larger  number  of  samples.  Ottawa  County  gives  a  low  parity 
with  a  high  sugar  content,  15.7  per  cent.  It  will  be  noted  that  a  large  number  of 
samples  is  not  conducive  to  extremely  high  averages  in  the  tables. 

In  fact,  practically  all  the  counties  of  the  State  show  a  rather  high  sugar  content^ 
14  per  cent  in  juice  when  all  are  averaged,  and  it  is  to  the  coefficient  of  apparent 
purity  that  wo  must  direct  our  attention  to  discover  differences.  Under  all  the  cir- 
cumstances an  average  purity  of  78  and  above  may  be  taken  as  fairly  satisfactory 
for  the  present  year's  analyses. 
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It  is  to  be  borne  in  mind,  when  these  resalts  are  considered,  that  the  percentages 
were  obtained  for  the  most  part  in  comparatively  fresh  samples,  from  wliich  on'y 
the  leaves  had  been  removed.  Topping  the  beets,  as  for  factory  use,  was  not  encour- 
aged, owing  to  the  risk  of  water  loss  by  evaporation.  This  has  led,  possibly,  to 
lower  percentages  than  where  beets  were  topped  and  sent  considerable  distances  by 
mail.  While  the  actual  sugar  content  would  be  bat  slightly,  if  at  all,  reduced  by 
loss  of  water,  the  apparent  sucrose  per  cent  would  be  changed. 

Okulhoma. 

Only  one  sample  of  beets  was  received  at  the  laboratory  of  the 
Department  of  Agriculture  from  Oklahoma.  The  average  weight  of 
the  beets  composing  the  sample  was  10  ounces,  the  mean  percentage 
of  su^ar  in  the  beets  11.8,  and  the  coefficient  of  purity,  72.5.  The 
director  of  the  agricultural  experiment  station  has  submitted  the  fol- 
lowing report  of  the  analyses  of  21  samples,  showing  a  mean  percent- 
age of  sugar  in  the  juice  of  12,  and  in  the  beet  of  11.4,  aud  a  mean 
coefficient  of  purity  of  65.3.  The  mean  coefficient  of  purity  as  obtained 
at  the  experiment  station  of  Oklahoma  is  phenomeually  low.  These 
data,  taken  in  connection  with  the  climatic  conditions  which  prevail  in 
that  Territory,  are  sufficient  to  indicate  that  there  is  no  prospect  of 
establishing  a  beet-sugar  industry  in  Oklahoma. 

RESULTS  OF  EXPERIMENTS  IN  OKLAHOMA. 

Seed  and  cnltnre  directions  were  sent  to  farmers  in  each  county,  and  the  nnmber 
of  requests  for  seed  quickly  exhausted  the  available  supply.  But  twenty-four 
reports  were  received  and  twenty-one  authentic  samples  examined.  Of  the  three 
total  failures  reported,  one  is  stated  as  due  to  flood,  another  to  drought,  and  the 
third  to  hail.  The  yield,  judging  from  the  vague  and  indefinite  reports  which  I 
have  been  able  to  secure,  varied  greatly.  It  seems  that  in  many  cases  thu  seed  was 
sown  too  far  apart  m  the  drills  and  that  but  little  regard  was  paid  the  culture- 
directions  sent  out.  In  general,  a  poor  stand  was  secured,  and  the  majority  of  those 
reporting  are  not  eiithusiastic  as  to  the  prospects  of  the  sugar-beet  industry  in 
Oklahoma. 

I  inclose  a  tabular  statement  of  the  results  of  analyses  of  beets.  The  low  coeffi- 
cient of  purity  of  the  juice  is  especially  noticeable. 

Analyses  of  sugar  beets  grown  in  Oklahoma  Terriioryf  1897, 


County. 


Canadian  .. 

Do 

Do 

Cleveland . . 

Custer 

Gflrtleld.... 
Kingtisber  . 
Lincoln  .... 

Do 

Do 

Do 

Logan 


Sngar  in 

Coeffl-    ' 
cient  of 

juice. 

purity. 

Per  cent. 

9.3 

53.1 

13.0 

66.3 

10.1 

82.7 

13.0 

74.3 

13.9 

68.1  1 

12.6 

67.3  1 

14.9 

66.2  1 

10.8 

73.0 

10.8 

67.7 

13.9 

81.8 

10.1 

60.1 

9.6 

68.6 

County. 


Sagar  In 
I    juice. 


Coeffi- 
cient of 
purity. 


Loffan 

Okluhoma 

Pawnee 

Payne 

Do 

Do 

Do 

Do 

Pottawatomie . 

Average 


Per  cent. 

9.3 
14.0 
12.2 
17.7 
11.9 
11.8 
11.8 

8.4 
12.8 


58.1 
78.6 
68.5 
72.5 
54.3 
64.3 
63.1 
52.1 
61.2 


12.0 


15.8 


Oregon. 


No  samples  of  beets  were  received  at  the  Department  from  the  State 
of  Oregon  during  the  season.  Previous  analyses  of  beets  received 
firom  that  State  have  shown  uniformly  a  high  content  of  sugar  and  a 
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high  coefficient  of  parity.  The  agricultural  experiment  station  of  Ore- 
gon for  several  years  has  devoted  a  great  deal  of  time  and  attention  to 
the  study  of  the  sugar-beet  industry  in  that  State  and  published  valu- 
able reports  on  the  subject,  Mr.  G.  W.  Shaw  has  prepared  a  r^sam^ 
of  the  work  of  the  station  and  of  the  Department,  which  contains  the 
summaries  of  the  work  done,  with  various  comments  on  the  data 
obtained.    This  report  is  given  below. 

RESULTS  OF  EXPERIMENTS  IN  OREGON. 

In  his  notes  on  the  analyses  of  beets  for  the  season  of  1891,  Dr.  H.  W.  Wiley,  chem- 
ist of  the  United  States  Department  of  Agricaltare,  said :  ''  The  samples  from  Oregon 
are  nniformly  rich  in  quality ,  and  if  they  truly  represent  the  capabilities  of  the 
State  there  is  certainly  a  bright  future  for  the  sugar-beet  industry  on  that  portion 
of  the  Pacific  coast."  This  was  said  relative  to  a  series  of  33  analyses  made  at  the 
United  States  Department  of  Agriculture,  which  gave  the  following  average  results: 
weight,  &44  grams;  sugar  in  the  Juice,  14.5  per  cent;  purity,  82.2. 

It  was  to  obtain  a  decided  answer  to  the  question, ''  Does  Oregon  possess  the  reqni* 
site  conditions  for  the  manufacture  of  sugar  from  beets  f  "  that  the  writer,  as  chemist 
of  the  Oregon  Experiment  Station,  began  a  series  of  experiments  with  beets  in  1891, 
which  were  continued  in  1892  and  again  in  1897.  The  results  of  these  investigations 
are  here  briefly  set  forth,  more  detailed  account  of  which  may  be  had  by  applying 
to  the  station  for  Bulletin  No.  44. 

The  sugar  beet  does  not  differ  from  other  plants  in  requiring  certain  conditions  of 
climate  and  soil  to  give  favorable  results.  In  foreign  countries  both  of  these  quee- 
tions  have  been  pretty  satisfactorily  settled,  but  in  some  parts  of  the  United  States 
the  plant  seems  to  thrive  under  very  different  conditions  than  obtain  in  foreign 
countries.  Notably  is  this  true  concerning  the  rainfall,  as  is  illustrated  in  the  case 
of  California  and  Utah,  as  well  as  in  the  experimental  culture  in  Oregon,  as  will 
appear  later;  hence  foreign  countries  can  not  be  taken  as  representing  the  only 
conditions  under  which  the  root  will  thrive.  However,  it  does  there  thrive  and  these 
conditions  can  by  no  means  be  ignored.  It  also  thrives,  and  that  splendidly,  in 
our  own  California,  hence  her  conditions  can  not  be  disregarded  in  a  consideration  of 
this  question.  Let  us  examine  Oregon's  condition  of  climate  and  soil  that,  if  pos- 
sible, we  may  obtain  some  a  priori  ideas  on  these  lines. 

The  season  for  the  growth  of  beets  may  be  divided  into  three  periods — ^that  of 
germinating,  that  of  plant  formation,  and  that  of  sugar  storing.  The  following  is 
a  comparative  table  showing  the  temperature  averages  for  Germany  and  certain 
parts  of  Oregon  during  these  periods : 

Average  temperature  fer  perxode  of  growth. 


Period  of  growth. 


Average  temperatare. 


Foreign. 


First 49.1 

SiM-ond I  63.3 

Third I         66.3 


Eastem 
Oregon. 


TVillam-  ! 

ette 
valley. 


56.0 
65.0 
64.5 


52.5 
64.4 
63.3 


Southern 
Oregon. 


53.3 
64.5 

54.8 


Taking  as  a  basis  Dr.  McMurtrie's  mean  isotherm  for  sugar-beet  culture  at  KP  for 
June,  .Inly,  and  August,  Dr.  Wiley,  In  his  report  upon  beet  culture,  gives  a  map  of 
the  United  States,  showing  100  miles  on  each  side  of  this  isotherm,  within  which  azea 
favorable  results  may  be  looked  for. 
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It  is  iu  the  rainfall  of  tho  State  that  we  find  the  greatest  seeming  deviation  from 
those  portions  of  the  world  which  are  taken  as  typical  beet- producing  regions.  This 
seeming  difference  should  not  be  considered  as  a  too  serions  drawback,  nor  wonld  it 
appear  so  to  those  acquainted  with  all  the  conditions.  The  average  amount  of  rain- 
fall does  not  differ  much  from  that  of  the  beet-growing  regions  of  other  countries, 
yet  it  is  not  so  evenly  distributed.  It  must  be  borne  in  mind,  however,  that  the 
soils  of  Oregon  are  much  different  with  respect  to  their  retentiveness  of  moisture, 
and  that  for  all  our  crops  the  necessary  moisture  nearly  all  falls  during  the  "wet 
season/'  and  for  this  reason  we  do  not  usually  consider  the  monthly  rainfall  as  bear- 
ing so  close  relation  to  the  crops  as  it  does  in  most  other  States,  but  rather  are  wont 
to  consider  the  seasonal  precipitation  as  the  more  important  factor.  In  this  respect 
oars  is  similar  to  the  condition  which  obtains  in  our  sister  State,  California,  in 
which  the  beet  industry  has  reached  a  high  state  of  development. 

Champion  and  Pellet  consider  phosphoric  acid  as  an  indispensable  base  for  the 
formation  of  sugar  in  the  beet.  They  classify  the  order  in  which  the  plant  food  is 
indispensable  as  follows:  (1)  Phosphoric  acid,  (2)  lime,  (3)  nitrogen,  (4)  potash. 

It  is  foreign  to  our  purpose  to  discuss,  at  this  time,  the  soils  of  Oregon  to  any^ 
length,  but  in  connection  with  the  last  statement  I  desire  to  direct  attention  to 
the  fact  that  the  soils  of  Oregon  are  well— yes,  abundantly— supplied  with  phos- 
phoric acid;  that  they  surpass  those  of  France  in  lime  and  equal  them  in  potash. 
Below  are  contrasted  analyses  of  some  of  the  French  sugar-beet  soils  with  those  of 
the  natural  divisions  of  this  State  and  those  of  California.  These  results,  I  think, 
Bpeak  for  themselves,  and  need  no  further  comment. 

Aiferage  comparative  compoHium  of  $oils. 


Analysis  of  flue  earth. 


France. 


Somme.      Kord. 


Oregon. 


Eastern. 


Willamette 
Valley. 


Southern. 


Califor- 
nia. 


Insoluble  matter  . 

Soluble  silica 

Potash  (K.0) 

8oda(Na,0) 

LimeOO). 


Magnesia  (MffO)  .... 
Manganese  (Mn«04)  < 

Iron  (FtsOs) 

Alumina  (ALO,). 


Sulphuric  acid  (SOi) 

PhoHphorfo  acid  (P1O5) .... 

Carbonic  acid  (CO,) 

Water  and  organic  matter . 

Other  matter 

Humus 


81.80 

.06 

.09 
.61 


7.24 


.09 
.40 
5.60 
1.85 


82.50   I 
.42 


2.18 
8.62 


.08 

.70 

4.84 

1.52 


66.50 
13.12 
.43 
.22 
1.22 
.75 
.10 

10.69 

.04 
.14 


6.21 


1.44 


65.18 
6.02 
.23 
.18 
.83 
.79 
.08 

16.45 


.21 


10.77 


1.63 


62.45 
8.74 
.34 
.21 
2.22 
.80 
.25 

15.35 

.01 
.13 


9.52 


2.25 


67.88 
&96 
.64 
.28 
1.08 
1.49 
.06 

15.02 

.05 
.08 


4.40 
".'75 


Measured,  then,  by  the  foreign  conditions  as  to  temperature  and  the  California 
conditions  as  to  rainfall,  and  with  a  soil  amply  supplied  with  all  the  elements 
necessary  to  produce  abundant  crops,  Oregon  wonld  certainly  seem  favored  with  all 
the  requisites  for  success  in  beet  culture. 

l*he  analyses  made  at  the  station  during  the  season  of  1891-92  may  be  summarized 

aa  follows: 

County  averagegf&r  1891, 


County. 


Benton  ... 
Clackamas 
Columbia . 
Douglaa... 
Jackson .. 

Lane 

Linn 


No.    Bug.,.    ^^Z 


39 

7 
1 
9 
8 
16 
5 


12.30 
14.56 
13.74 
12.09 
18.93 
14.32 
13.54 


74.12 
77.30 
79.42 
73.45 
80.99 
79.95 
79.91 


County. 


Marion . 
Polk.... 
Union  . 


1 
1 
3 

Washington 11 

Yamhill 1    1 


Kg.    Sugar. 


•I 


Average. 


15.99 
14. 72 
15.84 
1.^96 
10.73 


14.13 


Purity  co- 
efficient. 


78.38 
78.08 
79.89 
78.79 
76.64 


78.08 
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An  examination  of  the  results  reveals  that  the  analyses  had  a  wide  range,  viz : 
From  6.77  per  cent  to  22.44  per  cent  sngar  in  the  juice.  Of  the  95  analyses  made,  8 
fell  below  10  per  cent ;  76  showed  over  12  per  cent,  and  37  over  14  per  cent  sngar. 
An  average  of  81  analyses  for  the  Willamette  Valley  shows  13.76  per  cent  sugar  and 
a  purity  coefficient  of  77.89;  the  average  beet  weighing  a  little  over  1^  pounds,  while 
an  average  of  10  analyses  of  beets  from  southern  Oregon  showed  13.38  per  cent  sugar 
with  a  little  larger  beet.  But  this  does  not  really  show  the  capabilities  of  this  sec- 
tion of  the  State,  as  will  appear  later,  for  there  were  quite  a  number  of  immature 
beets  included  in  this  average. 

Experiments  of  1892. — For  the  investigations  of  1892  the  following  varieties  were 
used,  Desprez's  Early  Rose,  Vilmorin's  Improved,  Klein  wan  zlebener,  and  White 
Imperial,  all  of  which  are  favorite  kinds,  the  first  being  much  used  in  California. 
Unfortunately  the  seed  was  delayed  in  reaching  us,  so  it  could  not  be  distributed  to 
the  farmers  as  early  as  it  should  have  been  to  secure  the  bes.t  results.  Had  the  seed 
reached  us  in  due  time,  it  could  have  been  put  into  the  ground  in  April,  for  at  that 
time  there  was  favorable  weather  for  seeding,  but  by  the  time  the  seed  ha4l  been  dis- 
tributed cold  weather  set  in  and  continued  till  May,  after  which  the  weather  became 
very  dry,  rendering  the  conditions  for  a  fair  trial  very  unfavorable. 

The  rainfall  for  the  season  was  below  the  normal  and  reports  all  read  ''very  dry/' 
"  extraordinarily  dry,"  '*  weather  very  unfavorable."  In  fact,  nearly  all  the  beets  in 
the  eastern  portion  of  the  State  failed  to  mature,  and  in  many  instances  the  seed 
failed  to  germinate.  So  far  as  the  season's  climate  is  concerned,  then,  the  experi- 
ments were  greatly  handicapped  and  we  were  '4n  pnrsuit  of  knowledge  under 
difficulties." 

The  cultivation  for  this  season  was  the  same  as  for  tlie  previous  year,  except  that 
the  rows  were  placed  20  inches  apart. 

Owing  to  the  disturbed  condition  of  the  experiment,  the  results  are  doubtless 
poorer  than  would  have  been  the  case  had  the  season  been  one  of  more  nearly  normal 
conditions.  Still,  the  results  confirm  the  conclusions  of  the  previous  year,  that  Oregon 
possesses  the  conditions  necessary  for  the  production  of  excellent  beets  for  the  pur- 
pose of  beet-sugar  manufacture. 

Expressed  by  counties  the  averages  are  as  follows: 

Avertiges  far  189S  hy  ctmntiea. 


Coonty. 

Number 

of 
analyses. 

Average 
for  1892. 

Pnrity  co- 
efficient. 

County. 

Namber 

of 
analyses. 

Average 
lor  1892. 

Pority  co- 
efficient. 

Benton 

17 

1 
9 
1 
2 
3 
1 
2 

12.80 
15.10 
15.20 
15.00 
15.20 
16.20 
i7.10 
13.80 

86.50 
87.83 
81.15 
84  74 
84.05 
88.00 
73.74 
74.60 

Polk 

10 

14.60 
19.80 
15.50 
18.70 
15.70 
21.10 
20.20 

73  30 

CluckHixifts.  •  • . 

Union 

87  38 

Douglas 

Washington 

Yamhill 

78.79 

Jackson 

82  83 

Lane 

Josephine 

88.00 

Lincoln ............ 

Wasco 

90  50 

Linn 

Malheur 

84.90 

Marion 

The  average  of  all  analyses  for  the  State  was  15.7  per  cent  sugar  in  the  juice,  with  a 
purity  coefficient  of  78.08,  against  13.75  per  cent  and  a  purity  of  77.57  for  the  previous 
season.  Out  of  the  65  analyses  made,  only  11  indicated  less  than  12  per  cent  sugar  in 
the  juice,  and  41  samples  indicated  over  14  per  cent,  the  extremes  being  9.4  per  cent 
and  23.8  per  cent.  The  average  for  the  different  natural  divisions  of  the  State  were 
as  follows: 

Percent. 

Willamette  Valley,  44  samples 14.7 

Eastern  Oregon,  11  samples 19.2 

Southern  Oregon,  10  samples 15.1 
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Whilrt  from  1893  to  1897  no  definitely  ontlined  experiments  have  been  condacted, 
yet  the  station  has  furnished  more  or  less  seed  to  various  parties  who  have  sent  the 
beets  to  be  analyzed.  .  In  other  cases  beet  seed  has  been  furnished  by  other  parties, 
and  analyses  have  been  made  in  all  cases  when  beets  were  forwarded  to  the  station. 
The  average  of  the  results  of  23  analyses  made  since  1892  shows  15.05  per  cent  sugar 
in  the  juice  and  a  purity  coefificient  of  89.8. 

Average  of  all  re»ttZ/«.— Let  us  now  collect  the  results  to  1897  which  have  been  thus 
separately  set  forth.  In  the  same  table  I  beg  to  include  the  averages  from  analyses 
made  at  Washington,  D.  C,  by  the  United  States  Department  of  Agriculture.  Those 
last-mentioned  results  really  indicate  a  little  too  high,  probably  about  10  per  cent, 
on  account  of  the  time  that  necessarily  elapsed  between  harvesting  and  analyzing, 
which  would  result  in  a  loss  of  water. 

Expressed  by  counties  the  averages  are  as  follows : 

Average  of  all  analyaes  for  each  county. 


County. 


Beuton 

CLnckamas... 
Colanibia . . . . 

Coo8 

Douglas 

Jackson 

Lane 

Lincoln* 

Linn 

Marion 

Polk 

Fnion 

X^ashington . 

Yamhilf 

Jmephine  ... 

■Wasco 

Mailienr 

Sherman 

UmatUla 

Multnomah.. 


I 
Number  '^^Jf^SL 

y»®*-         station. 


12.57 
15.02 
13.74 


14.10 
17.93 
14.42 


0 

4 
16 
30 

2 

7 

2 

}| 

0 

0 ; 

1 1 


14.13 
15.17 
14.54 
18-61 
15. 29 
12.87 
15.70 
21.10 
20.20 


16.90 


Purity 
coefficient. 


79.63 
78.76 
79.42 


77.98 
8L00 
80.19 


73.43 
74.60 
74.10 
85.10 
80.98 
82.76 
81.21 
90.50 
83.44 


76.80 


Nnmber  . 


Average 
for  United  I 


of  anal- 
yses. 


States  l>c- 
I  partment 
of  Agricul- 
ture. 


14.34 
15.86 
15.30 
14.56 
17.74 
18.94 
14.24 


14.15 
14.15 
12.10 
14. 3f> 
12.49 


Purity  CO. 
efficient. 


82.8 
84.2 
81.7 
82.6 
84.3 
83.9 
85.4 


79.4 
8L1 
79.8 
81.8 
80.7 


0 
0 

1 

0 

1 
1 

13.55 
16.12 

72.2 
80.9 

1 

>  Averaged  with  Benton  County. 

If  we  omit  from  the  average  those  beets  which  were  immature  or  overgrown,  the 
averages  for  the  State  will  be : 


Sugar. 

Purity  co- 
efficient. 

Season  of  1891 

14.3 
15.9 
15.0 

78.2 

Season  of  1892 

81.4 

Since  1892 

84.8 

M«an . .   , 

15.0 

81.6 

Dnring  the  season  just  ended,  1897-98,  the  experiments  were  continued,  but 
were  limited  for  the  most  part  to  those  portions  of  the  State  which  seemed  to  offer 
not  only  the  best  conditions  for  growing  beets,  but  also  presented  other  favorable 
economic  conditions,  for  unless  the  requisites  for  the  manufacture  of  sugar  can  be 
had  as  well  as  the  beets,  it  is  useless  to  expend  labor  in  an  attempt  to  show  that  we 
can  grow  good  beets.  In  these  experiments  the  conditions  were  not  particularly 
fiiYorable— indeed,  were  adverse,  inasmuch  as  the  ground  was  entirely  prepared  in 
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the  spring  and  the  seed  was  late, 
given  helow : 


The  results  obtained  in  the  localities  selected  are 


County. 


WaBhington.. 

Clackamaa 

Union 

Jacknon 

Miscellaneous 


Pennsylvania. 

Fifty-nine  samples  of  beets  grown  in  Pennsylvania  were  received  at 
the  Department  of  Agriculture  laboratory  for  analysis.  The  mean 
weight  of  the  beets  iu  the  samples  was  18  ounces,  the  mean  content  of 
sugar  in  the  beet  13.8  per  cent,  and  the  mean  coefficient  of  purity,  79.5. 
The  size  and  sugar  content  of  the  samples  received  from  the  whole  Stale 
were  satisfactory,  but  the  coefficient  of  purity  falls  a  little  below  the 
minimum  standard. 

The  samples  received  may  be  divided,  for  the  purposes  of  study,  into 
two  sets,  namely,  those  from  counties  lying  in  and  north  and  west  of 
the  favorable  thermal  belt,  and  second,  the  counties  lying  south  and 
east  of  that  belt.  Collected  by  counties,  the  samples  divided  accord- 
ing to  the  above  classification  show  the  following  data: 

Counties  of  Pennaylrania  above  and  helow  isothermal  line  7(P, 


County. 


Above  70°. 

Allegheny , 

Crawford , 

KJk 

Erie 

Mercer 

Potter 

Union 

Lawrence 

Averages,  eU\ 

Below  70°. 

Cumberland 

Lebanon 

Perry 

York 

Averages,  etc 


Number  1  a««-««.^    Sugar  in  ■    Coeffl- 

o^*  waJ^iS    i       the         cientof 

samples.     ^®»K"^-  ^    beets.    '  purity. 


rtnt. 
13.8 

7T.0 

13.9 

75  3 

13.0 

77.4 

15.8 

82.5 

15.4 

83.7 

18.0 

81.1 

19.6 

16.8 

79.9 

31 

21  ' 

14.8 

78.9 

22 

12  , 

12.2 

79.6 

1 

24  { 

14.4 

79.0 

2 

31  ' 

16.7 

82.2 

3 

25, 

13.9 

8U.2 

28 

'', 

12.7 

79.8 

It  will  be  seen  that  the  31  samples  coming  from  the  counties  lying  in 
and  to  the  north  and  west  of  the  favorable  thermal  belt  have  an  aver- 
age weight  of  21  ounces,  a  mean  content  of  sugar  in  the  beet  of  14.8 
per  cent,  and  a  mean  coefficient  of  purity  of  78.9.  The  28  samples  com- 
ing from  counties  lying  south  and  east  of  the  favorable  thermal  belt 
have  a  mean  weight  of  15  ounces,  a  sugar  content  in  the  beet  of  12.7 
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per  cent,  and  a  mean  purity  of  79.8.  With  the  exception  of  the  coeffi- 
cient of  purity,  the  influence  of  the  more  favorable  thermal  conditions 
is  easily  distinguished. 

Of  the  counties  in  Pennsylvania  furnishing  the  most  data  may  be 
mentioned  Allegheny,  with  13  samples,  having  an  average  weight  of  18 
ounces,  a  mean  content  of  sugar  in  the  beet  of  13.8  per  cent,  and  a 
mean  purity  of  77.-  Gumberland  County,  in  the  southern  part  of  the 
State,  sent  22  samples,  having  a  mean  weight  of  12  ounces,  a  mean 
content  of  sugar  in  the  beet  of  12  per  cent,  and  a  mean  purity  of  79.6. 
Erie  County  sent  7  samples,  having  a  mean  weight  of  28  ounces,  a  mean 
content  of  sugar  in  the  beet  of  15.8  per  cent,  and  a  mean  purity  of  82.5. 
The  samples  from  Erie  County  are  decidedly  the  most  favorable,  and 
this  is  to  be  expected,  since  Erie  County  has  conditions  of  soil  and 
climate  which  are  entirely  analogous  to  those  pervading  the  New  York 
area  from  Albany  to  Buffalo. 

Attention  has  been  called  before  to  the  mountainous  character  of  a 
large  part  of  the  State  of  Pennsylvania,  even  where  favorable  thermal 
conditions  prevail.  It  is  evident,  however,  that  in  the  northern  and 
western  portions  of  the  State,  where  suitable  soil  can  be  found,  the 
culture  of  the  sugar  beet  may  be  introduced  under  the  most  favorable 
conditions,  and  with  every  prospect  of  success. 

EXPERIMENTS  CONDUCTED  BY  THE  AGRICULTURAL  EXPERIMENT   STATION. 

The  agricultural  experiment  station  of  Pennsylvania  cooperated  with 
the  Department  of  Agriculture  in  the  investigation  of  the  beet-sugar 
work,  and  has  published  the  results  of  its  work  in  Bulletin  No,  40  of 
that  station.  For  details  of  the  analytical  work  and  of  the  observa- 
tions made  by  the  director  of  the  station  the  reader  is  referred  to  the 
bulletin  mentioned.    In  discussing  the  analyses  Director  Armsby  says: 

Of  the  69  samples  reported  upon  in  the  above  table,  55  (or  80  per  ceut)  showed  over 
12  per  cent  of  sugar  iu  the  beet.  Thirty-four  samples  (or  49  per  cent)  showed  a 
coefficient  of  purity  of  over  80.  Thirty-two  out  of  the  total  number  (or  46  per  cent) 
showed  over  12  per  cent  of  sugar  and  also  a  purity  coefficient  of  over  80.  In  view 
of  the  fact  that  practically  all  of  the  beets  were  raised  b}'  farmers  who  had  had  no 
exi>erience  in  the  culture  of  this  plant  for  sugar,  the  results  must  be  regarded  as 
decidedly  favorable  so  far  as  the  quality  of  the  beets  is  concerned. 

In  40  cases  out  of  the  whole  number  we  have  data  regarding  the  average  weight  of 
the  beets.  Of  these  40  samples,  14  (or  35  per  cent)  weighed  between  0.80  and  1.35 
pounds,  18  (or  45  per  cent)  were  below  0.80  pound  in  weight,  and  8  (or  20  per  cent) 
were  above  1.35  pounds.  It  thus  appears  that,  as  a  rule,  the  size  of  the  beets  was 
rather  small. 

Thirty-four  of  the  experimenters  reported  the  yield  of  beets.  In  most  cases  the 
yield  wasoaloolated  from  that  of  a  comparatively  small  area,  aud  in  many  cases  there 
is  evidence  that  the  results  may  be  considerably  in  error.  Taking  them  as  they 
stand,  however,  10  (or  29  per  cent)  reported  a  yield  of  over  15  tons  per  acre,  2  (or  6 
per  cent)  a  yield  of  between  10  and  12  tons  per  acre,  and  17  (or  50  per  cent)  a  yield 
below  10  tons  per  acre.  It  thus  appears  that  while,  as  stated  above,  the  general 
quality  of  the  beets  was  good,  the  yield  was  rather  smaU. 
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As  stated  above,  32  of  the  samples  showed  more  than  12  per  cent  of  sugar  wfth  & 
p'urity  coefficient  of  more  than  80.  Of  these  32  experiments,  7  (or  22  per  cent) 
reported  a  yield  of  over  10  tons  per  acre,  4  (or  13  x)er  cent)  a  yield  of  between  8  and 
10  tons  per  acre,  7  (or  22  per  cent)  a  yield  of  less  than  8  tons  per  acre,  while  14  (or 
44  per  cent)  did  not  report  the  yield.  These  figures  confirm  those  given  above  in 
showing  that  the  yield  was,  as  a  whole,  rather  small. 

Rhode  Island. 

Only  2  samples  were  received  from  Rhode  Island,  and  no  dedactions 
of  any  value  can  be  made  from  such  limited  data.  The  average  weight 
of  the  beets  composing  the  samples  was  21  ounces,  the  mean  percent- 
age of  sugar  therein  11.9,  and  the  mean  purity  74.2.  These  data  of 
course  are  far  from  encouraging,  but  there  are  reasons  for  supposing 
that  the  climate  of  Rhode  Island  is  favorable  to  the  production  of  a 
much  richer  beet.  The  available  area  for  cultivation  in  beets  in  Rhode 
Island  is  small,  and  it  may  not  be  worth  while  to  prosecute  the  experi- 
mental work.  N^evertheless,  it  is  suggested  that  it  might  be  profitable 
for  the  agricultural  experiment  station  of  Rhode  Island  to  study  the 
subject  to  a  greater  extent. 

South  Carolina. 

Thirteen  samples  were  received  at  the  Department  of  Agriculture 
from  South  Carolina.  The  mean  weight  of  the  samples  was  17  ounces, 
the  percentage  of  sugar  in  the  beet  9.9,  and  the  mean  purity  79.9. 
These  data,  taken  into  consideration  with  the  latitude  and  thermal  con- 
ditions, indicate  that  there  is  no  prospect  of  South  Carolina  becoming 
a  sugar-producing  State. 

South  Dakota. 

Only  6  samples  of  beets  grown  in  South  Dakota  were  received  at 
the  Department  for  analysis.  The  mean  weight  of  the  beets  compos- 
ing these  samples  was  17  ounces,  the  mean  content  of  sugar  in  the  beet 
15.1,  and  the  mean  purity  coeflBcient  83.2.  These  data  are  favorable, 
but  too  meager  for  the  basis  of  any  definite  conclusions. 

experiments  by  the  agricultural  experiment  station  of  south  DAKOTA. 

Extensive  investigations  in  cooperation  with  the  Department  of 
Agriculture  were  carried  on  by  the  South  Dakota  station  during  the 
past  season.  The  whole  number  of  samples  analyzed  at  the  South 
Dakota  station  was  337.  For  convenience  of  classification  they  are 
grouped  according  to  the  different  regions  in  the  State,  and  by  counties 
in  the  regions  as  is  shown  in  the  following  table: 
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Averages  hy  counties  and  regUme. 
[From  report  of  Jas.  H.  Shepard,  Cheinist  of  £xx>erimttnt  Station.] 


Begion  and  county. 


BIO  8TONB  LAKB  SBGION. 


'  Bobertfl  County. 
Grant  County... 


Kegfon  averages  . 


UPPXB  SIOUX  BIYBB  BBOION. 


Codington  Coanty  . . 

I>eu«lXk>nnt  V 

Kingsbury  Coanty . . 

Moody  Connty 

Lake  County 

Brookiuga  County  . . 
MlDnehana  County  . 


Keglon  averagea 

LOWKB  SIOUX  BIVBR  BEOION. 


Lincoln  County 

Turner  County 

Hutcbinaon  Connty . 
Bonhomnie  County.. 

Clav  Connty 

Yankton  County 

Union  0«)unty 


Region  averages 

CENTBAL  JAMBS  BIVBB  BEOION. 


Miner  County — 
Sanborn  Connty. 
I>aviiton  County 
McCook  County. 


Region  averages  . 


UPPBB  JAMBS  BIVBB  REGION. 


M  nrshall  Connty — 

Brown  Conn  ty 

McPbersoD  Coanty . 
Edmunds  County... 

Day  County 

Clark  Connty 

Spink  County 

Beadle  Connty 

Fanlk  Connty 

Hyde  County 

Hand  Coanty 


Region  averages  . 


UPPBB    MI880UBI    BIVEB    BE- 
OION. 


Campbell  Connty  . . 
W  al  wort  h  County . 

Potter  County 

Siilly  County 

Hughes  County .... 


Region  averages. 


OKNTBAL  MISSOURI  BIVBB  BE- 
OION. 


Jeranld  County 

Bnffjflo  County 

Brule  Connty 

Aurora  County 

Douglas  County 

Charles  Mix  County. , 


Region  ayerages. 


Number 

of 
samples. 


Tons  per 
acre. 


24.6 
16.4 


20.5 


16.7 
8.5 
23.1 
14.1 
16.6 
19.8 
20.2 


1«.9 


16.4 
18.2 
19.5 
17.5 
30.5 
19.7 
19.3 


20.2 


21.5 
14.2 
30.1 
22.5 


22.1 


15.1 
26.3 
17.7 
14.5 
22.8 
19.1 
33.6 
12.8 
14.3 
11.8 


Per  cent 
stand. 


18.8 


12.3 
16.6 
17.2 
12.5 
8.3 


13.4 


11.0 
44.0 
17.2 
14.7 
16.8 
23.9 


21.3 


Average    Sngar  in  Purity  co- 
weight,      beets,      efficient. 


Oramt. 
387 
397 


Per  cent. 
15.3 
13.9 


473 

12.9 

423 

14.5 

359 

14.0 

431 

14.2 

424 

13.8 

455 

13.4 

423 

15.2 

76  I 


14.0 


77 


90 
61 
100 
75 
69 
75 
75 
77 
95 
50 
90 


78 


71 


77 


402 
437 
333 
440 
470 
498 


15.0 
14.5 
19.5 
15.4 
14.7 
14.6 
15.2 


425  I 


15.6 


329 
373 
470 
423 


14.5 
15.5 
14.8 
15.0 


I 


14.9 


364 
314 
349 
367 
351 
362 
475 
304 
488 
259 


360 


427 


400 
525 


430 


290 
379 
375 
394 
286 
394 


336 


13.7 
13.3 
18.3 
15.1 
13.9 
13.9 
15.5 
14.5 
18.0 
14.6 
16.8 


15.2 


17.7 

89.2 

14.9 

84.8 

15.9 

88.0 

14.3 

86.7 

14.8 

85.3 

15.5 


15.9 


88.0 
87.5 


87.8 


83.1 
89.2 
86.2 
87.8 
81.2 
86.7 
86.1 


86.0 


Ash  in 
the  juice. 


84.8 
85.1 
88.4 
87.2 
86.2 
86.0 
88.5 


86.6 


84.6 
87.4 
86.4 
89.0 


86.9 


85.6 
81.7 
85.3 
84.3 
88.3 
87.2 
89.1 
86.8 
89.5 
84.7 
81.4 


85.8 


15.3 

84.5 

16.1 

84.3 

16.2 

82.4 

16.6 

80.  7 

16.4 

87.8 

14.8 

83.2 

84.8 
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Averages  hy  counties  and  regions — Continued. 


Region  and  county. 

Number 

of 
samples. 

Tons  per 
acre. 

Per  cent 
stand. 

Average 
weight. 

Sugar  in 
beets. 

Purity  CO- 
efficient. 

Ash  in 
the  Juice. 

WHITS  BIYBR  BBGION. 

^pesho  Conntv 

1 

1 
1 

45.0 
33.0 

OratM. 
421 
445 
263 

Per  cent. 
14.9 
14.3 
16.4 

83.1 
82.0 
80.8 

.00 

Pratt  County 

100 

1.07 

Qresrorv  Conntv 

1.22 

Region  averages 

39.0 

100 

370 

15.2 

82.0 

1.00 



BLACK  HILLS  BEGION. 

Meade  Conntv 

Pennintrton  Countv  *.......... 

10 
5 

1 
4 

16.1 
9.5 
10.0 
15.4 

75 
79 
80 
90 

401 

330 

67 

325 

16.8 
16.4 
14.8 
15.9 

82.1 
82.7 
78.0 
83.7 

1.19 
1  48 

Cnst^r County ... 

.47 

Fall  River  County 

1.35 

Region  averagee. 

12.8 

81 

281 

16.0 

81.6 

1.13 

BUTTB  BEOION. 

Harding  County 

4 

4 

35 

78 

843 
471 

20.7 
16.5 

86.0 
89.4 

1.30 

Butte  County 

33.8 

1.18 

Reirion  averaeee 



33.8 

57 

407 

18.6 

87.7 

1.24 

State  averages 

21.9 

77 

883 

15.5 

85.6 

1.09 

fVom  an  inspection  of  the  above  data  it  is  seen  that  the  results  of  the 
experiments  conducted  by  the  station  are  quite  encouraging.  The  mean 
average  weight  of  the  beets  analyzed  was  a  little  below  the  normal,  383 
grams,  equivalent  to  13.5  ounces.  The  mean  content  of  sugar  in  the 
beets  was  15.5  per  cent,  and  the  mean  purity  coeflScient  85.6.  The  data 
for  yield  per  acre  are  probably  unreliable,  as  many  reports  of  tonnage  are 
given  which  are  evidently  erroneous,  as,  for  instance,  in  Presho  County, 
where  a  yield  of  45  tons  per  acre  is  reported,  and  in  Pratt  County,  33 
tons  per  acre,  a  quantity  of  beets  which  is  not  to  be  expected  under 
the  most  favorable  circumstances  of  growth.  In  so  far  as  producing  a 
crop  of  beets  rich  in  sugar  is  concerned,  the  conditions  in  Sonth  Dakota 
seem  to  be  extremely  favorable.  Attention,  however,  should  be  called 
to  former  statements  that  the  farmers  of  this  State  will  have  to  contend 
with  the  great  diflBculty  of  an  early  and  sudden  coming  of  winter.  If, 
therefore,  the  industry  should  secure  a  hold,  this  will  be  the  most  impor- 
tant point  in  the  agricultural  part  of  the  work  to  be  considered,  namely, 
the  harvesting  and  preserving  of  the  crop  for  manufacturing  purposes. 
The  high  purity  coefficients  which  obtain  in  South  Dakota  are  especially 
encouraging.  There  is  no  other  State  which  has  equaled  South  Dakota 
in  the  purity  of  the  juices  of  the  beets.  There  is  abundant  reason 
found  in  the  data  published  above  to  encourage  the  agricultural  exper- 
iment station  of  the  State  to  continue  its  work  of  investigation,  and 
to  attract  the  favorable  attention  of  intending  investors. 

Texas. 

The  northwestern  portion  of  Texas  reaches  an  altitude  where  the 
thermal  conditions  become  more  favorable  to  beet  production.  It  is 
not  to  be  expected  that  the  southern  and  western  portions  of  the  State 
will  ever  be  seriously  considered  for  this  purpose. 
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Eleven  samples  were  received  from  Texas  at  the  Department  of 
Agriculture  laboratory,  having  an  average  weight  of  22  ounces,  a  mean 
content  of  sugar  in  the  beets  of  12.6  per  cent,  and  a  mean  purity  of  7G.5. 
All  the  counties  represented  were  in  the  northern  and  western  portions 
of  the  State  except  McLennan,  which  is  in  the  center.  There  is  reason 
to  believe  that  on  the  high  plateaus  in  the  northwestern  portion  of  the 
State,  where  irrigation  is  possible,  the  culture  of  the  sugar  beet  might 
be  introduced  with  considerable  prospects  of  success. 

A  few  analyses  were  made  by  the  agricultural  experiment  station  of 
Texas,  and  these  are  given  below : 

REVIEW    OF    THE    WORK    DONE    BY    THE  AGRICULTURAL    EXPERIMENT    STATION    OF 

TEXAS. 

All  of  the  seeds  that  we  received  for  distribntion  in  this  State  during  the  past 
season  came  to  hand  too  late  for  proper  planting  in  a  State  so  far  south  as  Texas. 
For  this  reason  the  dry  season  prevented  a  fair  growth  of  the  beets  at  an  important 
period  in  their  development,  and  the  crops  waited  for  the  fall  rains  to  develop  size. 
These  fall  rains  were  accompanied  by  a  small  percent  of  sunshine,  resulting  in  a  low 
sugar  content.  These  conclusions  are  based  upon  the  fact  that  where  beets  were 
planted  late  and  irrigated,  the  sugar  content  was  higher  than  when  samples  were 
grown  by  late  fall  rains  and  then  sent  us  for  analysis.  Of  course  the  extreme  west- 
ern portion  of  the  State  produced  beets  of  high  sugar  content. 

Results  of  experiments  in  Texas, 


Knino  and  mldress  of  ]mm*kodh 
from  whom  beets  were  re- 
ceived. 


Section  of  State. 


Panhandle  "□  . 
do 


....do 

do 

do 

Black  Land  Belt  d 

Panhandle  ti 


R.  B.  Edgell,  Clarendon,  Don- 
ley Countv,  Tex. 
D.  W.  Ruokaton,   Silverton, 
Briscoe  County,  Tex. 

Do 

Do 

Do 

R.   L.  Goble,   Garrett,   Ellis 

County.  Tex. 
L.   H.    Cflrjienter,  Silverton, 
Briscoe  County,  Tex. 

Do 

Do 

Do 

F.  K.  Davis.  Dnblin,  Erath 
County,  Tex. 

C.    W.    Griffin,     Toyahvale,  I  Pecos  Region  n 
Beeves  County.  Tex.  I 

Do ' do  . 

I 


Labora- 
tory 
number. 


(*) 


3 
4 

tl 

1 
tl 


Brix. 


16.8 

.l-).5 

17.0 
14.0 
13.2 
13.5 

15.2 

13.5 
ll.O 
11.3 
12.  55 

16.5 
15.0 

21.1 


Sucrose.  k-"j--' Weight. 


I 


11.88  ' 

9.89 

11.02  I 
6.89  I 
7.98 
7.79 

i 
6.27 

4.89 

5.(V4 
5.46  I 

7.07  I 

9.G9 
9.5 

15.08 


70.68 
G2.5 


I 
64.82  i 
49.19 
60.91 
57.7 

41.8  i 

36.9  I 
45.7  ' 
48.34 

56.04  I 

58.7  I 
63.3    , 

71.5  , 


I  Lb».  0Z8. 

1  10 

2  4 


11 

6 

2 
11 

7 
6 

8* 


^  4  beets,  1  Huuiple. 


tKed. 


Tennessee. 

Seventeen  samples  of  beets  were  received  at  the  laboratory  of  the 
Department  of  Agrrieulture  from  Tennessee,  of  wliicli  eight  were  from 
the  agricultural  experiment  station  at  Knoxville.  The  mean  weight  of 
the  beets  received  was  11  ounces,  the  mean  percentage  of  sugar  J0.^<, 
and  the  mean  purity  71.9.  The  mountainous  regions  of  Tennessee  are 
probably  favorably  situated  in  regard  to  thermal  conditions  for  the 
H.  Doc.  396 8 
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growing  of  beets,  but  the  contour  of  the  country  will  prevent  any  exten- 
sive planting  of  this  crop.  Middle  and  western  Tennessee  are  evi 
dently  too  warm  for  successful  beet  culture. 

Virginia. 

Thirty-four  samples  grown  in  the  State  of  Virginia  were  received  at 
the  Department  of  Agriculture  for  examination.  The  mean  weight  of 
the  beets  composing  these  samples  was  21  ounces,  tlie  mciin  content  of 
sugar  in  the  beets  11.0  per  cent,  and  the  mean  purity  76.2. 

Virginia  lies  almost  entirely  south  of  the  region  where  thermal  con- 
ditions are  most  favorable  to  beet  culture.  It  is  only  in  the  aeacoast 
counties,  where  the  temperature  is  moderated  by  the  sea  breezes,  and 
in  the  mountainous  counties,  where  the  altitude  is  great  enough  to 
lower  the  temperature,  that  good  results  can  be  expected.  A  great 
deal  of  interest  has  been  manifested  in  the  State  in  regard  to  the  build- 
ing of  factories,  but  it  is  evident  that  intending  investors  as  well  as 
farmers  should  stop  to  consider  the  matter  very  seriously  before 
investing  their  money  and  their  labor  in  this  enterprise. 

A  few  analyses  received  from  Virginia  show  favorable  results,  as  for 
instance,  the  sample  from  Carroll  County,  weighing  15  ounces,  and 
containing  15.4  per  cent  of  sugar  in  the  beet.  There  is  little  in  the 
data,  however,  to  encourage  the  belief  that  Virginia  is  a  favorable 
region  for  beet  gmwing. 

Investigations  w.ere  also  made  by  the  agricultural  experiment  sta- 
tion of  Virginia,  but  only  to  a  very  limited  extent.  The  data  obtained 
on  analysis,  together  with  the  observations  of  the  official  in  charge  of 
the  investigations,  are  found  in  the  following  report: 

INVESTIGATIONS  BY  THE  AGRICULTURAL  EXPERIMENT  STATION  OF   VIRGINIA. 

Before  stating  the  results  of  the  analyses  made  at  this  station  I  think  it  best  to 
make  some  comments  upon  the  work  attempted  this  season.  In  the  first  place,  it  was 
quite  late  before  we  concluded  to  undertake  the  distribntiou  of  seeils  and  then  by 
the  time  they  reached  us  from  the  Department  of  Agriculture  the  season  was  so  far 
advanced  that  a  considerable  number  of  persons  to  whom  the  seeds  were  distributfd 
failed  to  plant  them.  This,  of  course,  disturbed  the  experiment  to  a  considerable 
extent.  Another  disturbing  factor  was  the  extreme  drought  which  prevailed  dnriag 
the  latter  part  of  the  season  over  this  iState  in  general,  which  resulted  in  many  cases 
in  practically  destroying  the  crop.  As  a  consequence,  our  results  are  not  what  we 
could  wish.  After  much  correspondence  with  those  to  whom  seed  was  distributed, 
we  concluded  to  analyze  only  samples  representing  fairly  well  the  tide-water  and 
limestone  sections  of  the  State.     The  rcsult-s  of  these  analyses  follow: 

Sample  No.  1.  From  W.  J.  Phillips,  Accomac  County,  Va.  Weight  of  whole  beet 
372  grams.    Per  cent  of  sugar,  16.11. 

Sample  No.  2.  From  Henry  Jones,  Suffolk,  Nansemond  County,  Va.  Weight  of 
whcde  beet,  1,325  grams.     Per  cent  of  sugar,  4.17. 

Sample  No.  3.  From  L.  T.  Barnes,  Boulevard,  New  Kent  County,  Va.  Weight  of 
whole  beet,  581  grams.     Per  cent  of  sugar,  14.64. 

Sample  No.  4.  From  T.  A.  EUer,  Atkins,  Smyth  County,  Va.  Weight  of  whole 
beet,  760  grams.     Per  cent  of  sugar,  9.61. 


Digitized  by 


Google 


BEET-SUGAR   INDUSTRY   IN   THE   UNITED   STATES.  115 

Sample  No.  5.  From  experiment  station.  Weight  of  whole  beet,  584  grams.  Per 
cent  of  sugar,  13.63. 

The  first  three  samples  represent  the  eastern  section  of  the  State  and  the  last  two 
the  limestone  section.  We  endeavored  to  secure  sixteen  samples  covering  more 
perfectly  the  geologic  areas  of  the  State,  but  from  the  causes  above  mentioned  we 
failed  to  procure  proper  samples. 

Dr.  McBryde  desires  me  to  say  that  if  the  Department  wishes  us  to  aid  in  the  con- 
duct of  this  work  the  coming  year  we  will  be  pleased  to  do  so,  and  that  the  work 
will  be  taken  in  hand  in  proper  season  and  the  growing  experiments  arranged  on  a 
much  better  plan,  so  as  to  secure  reliable  samples  from  the  different  sections  of  the 
State. 

Experiments  in  the  growth  of  beets  in  Virginia  during  1897  were 
also  made  by  the  State  board  of  agriculture,  and  are  described  on  page 
206  of  the  annual  report  of  the  board  for  the  year  1897.  One  hundred 
and  eight  samples  were  analyzed  during  September  and  October.  It 
is  stated  in  this  report  that  these  samples  varied  in  saccharine  strength 
from  8.5  to  17.1  per  cent;  thirty-five  of  them  were  below  12  per  cent, 
and  seventy-three  showed  a  saccharine  value  of  from  12  to  17.1  per 
cent,  with  a  coefficient  of  purity  of  from  79  to  SS.5^  or  a  saccharine 
average  of -H.?  per  cent,  and  an  average  purity  coefficient  of  S5y  which 
is  equivalent  to  250  pounds  of  raw  sugar  per  ton  of  beets. 

The  data  obtained  by  the  State  board  of  agriculture  are  more  favor- 
able than  those  secured  by  the  Department  of  Agriculture  or  by  the 
experiment  station  at  JBlacksburg.  It  is  hardly  probable,  however, 
that  the  map  which  accompanies  the  report  of  the  State  board  of  agri- 
culture will  be  regarded  ae  a  final  judgment  in  regard  to  the  localities 
in  Virginia  suitable  to  the  growth  of  beets  of  the  different  qualities 
noted.  A  much  larger  series  of  experiments,  extending  over  a  greater 
number  of  years,  will  be  necessary  to  definitely  determine  that  point. 

Washington. 

Thirty- four  samples  of  beets  grown  in  the  State  of  Washington  were 
received  at  the  Department  of  Agriculture  for  analysis.  The  mean 
weight  of  the  beets  received  was  27  ounces,  the  mean  ]>ercentage  of 
sugar  13.7,  and  the  mean  purity  coefficient  80.7. 

The  agricultural  experiment  station  of  the  State  of  Washington  for 
many  years  has  conducted  careful  studies  in  regard  to  the  possibilities 
of  producing  sugar  in  that  State.  During  the  past  year  GO  samples  of 
beets  grown  in  Washington  were  analyzed  at  the  laboratory  of  the 
agricultural  experiment  station.  The  mean  weight  of  the  beets 
analyzed  was  23  ounces,  the  mean  percentage  of  sugar  in  the  beets  13.6, 
and  the  mean  coefficient  of  purity  75.7.  Of  the  whole  number  08  i)er 
cent  contained  over  12  per  cent  of  sugar,  and  78  per  cent  weighed  more 
than  16  ounces.  The  reports  of  the  director  and  chemist  of  the  station 
are  given  below. 
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Summary  of  analyses  of  beets  from  Washington, 
[Compiled  from  report  of  experiment  station.] 


County. 
Clarke 

Num- 
ber of 
sam- 
]iles. 

Svt 
weight 
beetH. 

Sugar 

iu 
beets. 

Coeffi- 
cient  ' 
of      ! 
purity. 

County. 

Num- 
ber of 
sam- 
ples. 

Net 
weight 
beets. 

^^'    pnrity. 

1 

Ounce*. 
29 
25 
17 
22 
33 
27 
25 

Per  et. 
14.3 
12.0 
15.8 
12.3 
12.5 
13.5 
11.8 

1 
77.7 
73.7 

King 

OunceM. 

10             15 

Perct.  ' 

12-1              71.  A 

Pierce 

7 
20 
2 
8 

4 

Cbillam 

1             54         14  3            77  4 

Lincoln  ......... 

79.2  . 
70.9 
72.9 
75.6 
80.4 
1 

Whitman 

Klickitat 

2            46         14.2           76w3 

Kitsap 

2             26  .       12.4  '        74.5 

Skairit 

Snu  Juan 

Wliatcom 

Averages,  etc. 

60 

23 

13.6  .        75.7 

RESULTS  OP  K.XPKRIMKNTS  IN  WASHINGTON. 

I  have  the  honor  to  report  as  follows : 

The  appointment  was  made  so  late  in  the  summer  that  it  served  only  the  pnrpoBe 
of  providing  for  the  free  trcinsportatiou  of  beetH  to  this  point  for  analj'sis,  couse- 
quently  the  report  must  necessarily  deal  with  facts  of  an  earlier  date  chiefly,  if  it  is 
to  be  of  any  value  as  an  indication  of  the  adaptability  of  the  soil  and  climate  of  the 
State  of  Washington  to  the  culture  of  sugar  beets.  Permit  me  \o  say  that  we 
regarded  our  experimentation  as  practically  complete  before  the  beginning  of  this 
year.  In  consequence  of  this  fact  it  had  been  announced  early  iu  the  season  that  no 
distribution  of  seed  would  be  made.  At  a  later  period  some  seed  was  obtained  from 
the  Department  of  Agriculture.  The  planting  season  in  Washington  begins  very 
early  considering  the  latitude,  and  the  seed  was  received  too  late  for  general  use. 
Seed  was,  however,  supplied  to  those  requesting  it,  and  iu  the  main  these  reqaests 
were  from  localities  not  so  well  adapted  to  the  culture  of  sugar  beets,  so  tha.t  the 
results  of  this  year's  planting  can  in  no  way  be  taken  as  representative. 

The  Washington  State  Experiment  Station  began  the  investigation  of  this  prob- 
lem through  its  chemical  department  iu  the  spring  of  1894,  and  conducted  it  with 
the  greatest  thoroughness  through  that  and  the  two  succeeding  seasons,  making  more 
than  3,000  analyses.  Beets  were  raised  in  both  small  and  large  plats.  The  results 
were  so  uniform  as  to  demonstrate  the  peculiar  adaptability  of  this  region  to  the 
culture  of  sngar  beets.  These  results  are  given  iu  Bulletins  15  and  26  of  the  State 
experiment  station.  I  submit  herewith  the  report  of  Professor  Fulmer,  of  the 
department  of  chemistry,  relative  to  the  results  of  this  year.  I  might  mention  the 
fact  that  Professor  Fulmer  was  for  some  time  chemist  of  a  beet-sngai*  factory  in 
Nebraska,  and  is  particularly  well  litted  for  dealing  with  this  subject.  The  resalts 
thus  far  obtained  in  the  State  show  a  percentage  of  sngar  of  about  15,  and  a  purity 
of  nearly  84. 


Pullman,  Wash.,  January  6,  1898. 
Dear  Sir  :  In  compliance  with  your  request  I  hand  yon  herewith  a  tabulated 
statement  of  the  analyses  made  in  the  station  laboratory  of  beets  grown  from  seed 
furnished  by  the  United  States  Department  of  Agriculture.  The  data  presented  are 
far  from  being  complete.  The  very  important  item  of  **  variety  of  seed  "  is  entirely 
omitted,  because  in  almost  all  cases  the  variety  indicated  by  the  grower  of  the  beets 
was  not  at  all  iu  harmony  with  tlie  characteristics  exhibited  by  the  samples.  For 
example,  beets  with  pink  skins  were  often  marked  ''  Klein wauzlebener,''  which  i^ 
n  pnre  white  variety.  It  is  quitu  clear  to  my  mind  that  the  lack  of  harmony  between 
the  character  of  the  btH'ts  and  tho  names  they  bore  was  due  to  the  seed  sent  oat  by 
tho  Govcrumeut  being  a  mixed  seed. 
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Parties  sending  in  boets  for  analysis  failed  in  most  cases  to  send  any  data  concern- 
ing the  time  of  planting,  thinning,  and  harvesting;  character  of  soil;  amount  of 
caltivation,  etc.  On  account  of  this  great  lack  of  reliable  data,  the  meager  results 
obtained  are  of  little  valae. 

I  wish  to  direct  your  attention  to  the  fact  that  this  kind  of  experimental  work 
with  sugar  beets  in  our  State  is  at  this  time  a  useless  expenditure  of  time  and  energy. 
During  the  past  four  years  this  station  has  made  over  3,000  analyses  of  sugar  beets 
grown  in  all  parts  of  the  State,  and  under  all  conditions  of  temperature  and  rainfall. 
The  details  of  these  analyses,  and  of  the  field  experiments,  have  been  published  in 
full  in  Bulletins  15  and  26.  The  raising  of  high-grade  beets  in  this  State  has  been 
fully  demonstrated  to  be  a  practical  success,  and  we  believe  any  further  experimen- 
tation with  small  plats  is  wholly  unnecessary. 

The  uniformly  excellent  results  that  we  have  obtained  in  the  past  are  in  striking 
contrast  to  the  very  poor  outcome  of  this  year's  test.  We  believe  the  low  sugar 
content  and  purity  exhibited  by  the  beets  this  year  is  due  to  several  causes: 

(1)  The  seed  from  Washington  was  received  altogether  too  late  in  the  spring  for 
distribution  in  time  for  early  planting.  In  most  sections  of  the  State  the  seed 
should  be  planted  not  later  than  the  middle  of  April. 

(2)  Nearly  all  of  the  samples  were  grown  in  sections  of  the  State  that  have  not 
heretofore  shown  any  special  adaptability  to  sugar-beet  culture. 

(3)  We  believe  the  seed  was  of  poor  quality.  In  support  of  this  assertion  I  wish 
to  call  your  attention  to  the  samples  that  were  raised  at  Crescent,  in  Lincoln  County. 
Heretofore  this  section  has  always  produced  high-grade  beets.  The  samples  sent  in 
by  William  Adam,  P.  Carstens,  and  the  first  two  of  W.  B.  Warren  were  grown  from 
Government  seed,  and  gave  a  very  low  sugar  content  and  purity.  The  samples  of 
Wollweber,  and  the  last  three  of  Warren,  were  grown  from  seed  raised  at  Crescent 
last  year,  and  gave  most  excellent  results.  These  facts  and  the  very  general  poor 
quality  of  samples  leads  me  to  regard  the  seed  furnished  as  an  inferior  quality. 

The  inclosed  results  do  not  do  justice  to  our  State,  and  I  wish  to  protest  against 
their  publication  as  an  index  of  the  character  of  beets  that  can  be  raised  here. 
Yours,  very  respectfully, 

Elton  Fulmer, 
Chemist  Experiment  Station, 
Director  E.  A.  Bryan, 

Pullman,  Wash, 

In  regard  to  the  report  of  the  chemist,  attention  should  be  called  to 
the  fact  that  he  is  evidently  mistaken  in  regard  to  the  quality  of  the 
seed  sent  by  the  Department  of  Agriculture.  This  seed  was,  of  course, 
not  of  the  direct  production  from  high-grade  mother  beets,  but  was 
the  ordinary  commercial  seed  which  was  imported  by  the  Oxnard  Com- 
pany for  distribution  among  their  beet  growers.  It  was  the  same  seed 
which  was  sent  to  Michigan  and  to  New  York,  which  produced  in 
those  States  the  excellent  results  which  have  been  recorded  in  previous 
X)ortions  of  this  report.  In  over  2,200  analyses  of  beets  which  were 
made  in  this  laboratory  during  the  past  ieason,  only  about  25  samples 
were  received  which  had  a  pink  skin,  and  in  most  cases  these  were 
marked  with  different  names.  It  is  possible,  however,  that  a  few  seeds 
of  this  kind  may  have  been  mixed  in  with  the  large  lot  of  commercial 
seeds  which  were  imported  into  this  country.  The  Department  of 
Agriculture  neither  purchased  nor  packed  the  seeds  which  were  dis- 
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tributed,  so  that  the  possible  admixture  of  other  varieties  can  Dot  be 
positively  denied. 

With  the  exception  of  the  excessive  rainfall  on  some  of  the  coast 
areas,  it  has  been  demonstrated  that  the  State  of  Washington  is  well 
suited  to  the  growth  of  beets  of  a  high  grade.  An  extended  report 
on  the  possibilities  of  Oregon  and  Washington  for  beet  production  was 
made  in  Bulletin  No.  5  of  this  Division,  the  investigations,  which  were 
published  in  1885,  having  been  made  in  the  autumn  of  1884.  A  descrip- 
tion of  the  t()])ographical  features  and  climate  of  western  Washington 
is  given  on  pages  103-104  of  that  bulletin.  The  conclusions  which  I 
derived  from  a  study  of  the  conditions  at  the  time  are  given  on  psige 
105  in  the  following  words: 

"  In  view  of  the  preceding  description  I  am  inclined  to  believe  that  in  Washington 
Territory  and  Oregon,  soil  and  climate  are  very  favorable  to  the  growth  of  a  sugar 
beet  of  high  saccharine  strength. 

*'  The  mildness  of  the  winter  is,  though  to  a  less  degree  than  in  California,  favorable 
to  the  season  of  manufacture.  With  a  wine  and  careful  enoouragcnient  of  the 
industry  I  have  no  hesitation  in  saying  that  the  prospects  for  the  <levelopment  of  an 
indigenous  sugar  industry  in  the  extreme  northwestern  part  of  our  country  are 
decideilly  bright.  It  is  a  field  worthy  the  attention  both  of  experimenters  and 
capitalists." 

Investigations  which  have  been  made  subsequent  to  this  period  have 
abundantly  verified  the  predictions  given  above.  The  chemist  of  the 
station,  in  the  results  of  his  work  for  1897,  says  that  the  data  are  not  so 
favorable  as  were  obtained  in  preceding  investigations,  but,  as  he  says, 
the  beets  analyzed  came  from  parts  of  the  State  less  favorable  to  beet 
culture  than  did  those  samples  which  had  previously  been  examined. 
The  data  obtained  by  analyses  of  beets  received  at  the  Department 
from  Oregon  are  decidedly  favorable.  The  average  size  of  the  beets, 
27  ounces,  shows  the  possibilities  of  a  large  yield,  while  both  the  con- 
tent of  sugar  and  the  purity  coefficient  are  favorable  to  the  production 
of  large  quantities  of  sugar  from  the  beets  produced.  The  thermal 
conditions  which  prevail  in  Washington  are  noticed  in  another  place. 
The  coast  region  is  cooler  than  the  mean  temperature  of  69°  for  the 
summer  months,  but,  as  has  been  remarked  before  in  more  than  one 
place,  this  is  not  unfavorable  to  the  production  of  high-grade  beets;  on 
the  contrary,  rather  promotive  of  it.  The  mild  autumns,  especially  in 
the  western  ])art  of  the  State,  afford  ample  opportunity  for  the  complete 
harvest  and  care  of  the  beets.  In  considering  the  data  which  have 
been  obtained  through  a  long  series  of  years,  therefore,  it  is  safe  to 
say  that  there  are  extensive  areas  in  the  State  of  Washington  which 
invite  the  careful  consideration  of  intending  investors  in  the  beet- 
sugar  industry. 


Digitized  by 


Google 


BEET-SUGAR   INDUSTRY    IN   THE    UNITED   STATES.  119 

Wisconsin. 

Forty-two  samples  of  bf^ets  were  received  at  the  laboratory  of  the 
Department  from  Wisconsin,  of  which  number  31  were  grown  in  Dane 
County,  representing  the  beets  grown  by  the  agricultural  experiment 
station.  It  is  evident,  that  the  mean  results  of  the  samples  from  Wis- 
consin are  influenced  in  a  marked  degree  by  those  obtained  from  the 
agricultural  experiment  station.  These  mean  results  therefore  repre- 
sent a  higher  quality  of  beets  than  would  have  been  grown  in  the 
promiscmms  manner  already  referred  to.  The  mean  weight  of  the 
beets  grown  in  Wisconsin  was  15  ounces,  the  mean  content  of  sugar 
therein  was  15.8  per  cent,  and  the  mean  purity  83.3.  The  small  mean 
size  of  the  beets  is  due  chiefly  to  the  M  samples  received  from  the 
agricultural  experiment  station,  of  which  the  average  weight  was  only 
11  ounces.  With  the  exception  of  1  sample  from  Outagamie  County, 
which  weighed  only  8  ounces,  the  other  samples  were  of  good  size. 
Especially  is  this  true  of  the  3  samples  received  from  Eacine  County, 
the  mean  weight  of  which  was  34  ounces,  the  mean  content  of  sugar 
15.4  i)er  cent,  and  the  mean  purity  82.6. 

The  dat.i  obtained  by  our  analyses  are  encouraging,  but,  on  account 
of  the  small  number  of  samples,  not  convincing.  Therefore  the  fol- 
lowing report  of  the  results  of  the  analyses  made  at  the  agricultural 
expeiiment  station  will  show  more  conclusively  the  influence  of  the 
character  of  the  soil  and  climate  of  Wisconsin  on  the  quality  of  sugar 
beets. 

KXPERIMENTS    CONDUCTED    BY    THE    AGRICULTTJRAL    EXPERIMENT    STATION    OP 

WISCONSIN. 

Three  classes  of  experiments  were  conducted  by  the  agricultural 
experiment  station  of  Wisconsin  during  the  year  1897.  An  elaborate 
report  of  these  experiments  has  already  been  printed  as  Bulletin  No. 
64  of  that  station.  The  following  interesting  summaries  represent  the 
principal  data  obtained: 

The  three  methods  were  the  following: 

First  method. — A  general  distribution  of  seed  was  made  promiscu- 
ously to  farmers  in  the  State  who  desired  to  experiment.  In  all,  13,706 
packages  were  distributed.  Each  package  contained  directions  for 
planting  and  cultivating  the  beet.  One  thousand  six  hundred  and 
sixty-three  samples  of  beets  grown  under  these  auspices  were  received 
at  the  station  for  analysis.  The  quality  of  the  beets,  together  with  the 
analyses  of  b«-ets  grown  in  1800,  1891,  1892,  and  1897,  with  a  summary 
for  the  four  years,  is  shown  in  the  table  on  page  120. 
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Besults  of  analyses  of  sugar  beets  grown  on  Wisconsin  farms  during  1S90-1892  and  1897, — 

Averages  hy  counties. 


Sammary  for  fonr  years. 


County, 


AdamH 
AHliland  . 
Barruii . 
BaytipUl 
Brown . , 
Buffalo  . 
Burnett. 
Calumet  . 
Chipwwa 

Clark 

Columbia . 
Crawford . 
Dane 
Dod^e. 
Door . . . 
Douglas  . 
Dunn  — 
Euu  Claire. 
Fond  du  Lac. 
Forest . 
Grant. 
Green 

Green  Lake. 
Iowa  . 
Iron  . 
Jackaon  . 
Jerieraon 
Jnneaii . 
Kenonha . 
Kewaanee . 
LaCrosHo. 
Lafayette. 
Langlade  . 
Lincoln . . . 
Manitowoc  . 
Marathon 
Marinette 
Msirqnetto . 
Milwaukee  . 
Monroe. 
Ocnto. 
Oneida. 
Outajiamie. 
O7.au  keo . 
Pepin. 
Pierce  . 
Polk . 
Portage. 
Price  . . 
Racine. 
Richland  , 
Rock 
St.  Croix. 
Sriuk 
Sawyer  . 
Shawano. 
Shebovgan  , 
Taylor. 


It  will  be  noticed  tbat  the  table  includes  the  analypes  of  527  samples 
collected  during  the  years  1S90-91-92,  together  with  the  l,«63  collected 
in  1897,  or  a  total  of  2,190  samples.  In  the  discussion  of  the  analytical 
data  Mr.  F.  \V.  Woll,  who  has  compiled  the  report,  makes  the  follow- 
ing interesting  observations: 

Sixty-eiuht  of  the  countieH  of  the  State  are  represented  in  the  sngar-beet  analyses 
made  daring  the  past  Bea<>on.     Brown   county  leads  with  101  samples  of  beets, 
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Kewaunee  being  second  with  74  samplea.  Ten  counties  furniKhecl  50  or  more  sam- 
ples each.  The  highest  average  for  the  sngar  in  the  juice,  11  samples  analyzed,  was 
obtained  for  Oconto  County,  namely,  15.48  per  cent  with  a  purity  coefficient  of 
79.6,  followed  by  Door  County,  which  gave  15.11  per  cent  sugar  in  tho  juice,  purity 
77.4,  as  the  average  of  15  samples.  The  average  su'^ar  content  of  the  juice  of  the 
beets  was  above  12  per  cent  in  case  of  49  counties,  above  13  per  cent  in  case  of  26 
coimtiesy  and  above  14  per  cent  in  cuse  of  8  counties. 

Adaptability  of  diJJ'erent  parts  of  the  State  to  sufjar-heet  culture. — A  close  study  of  the 
renults  given  in  the  preceding  tables  will  be  of  interest,  and  is  necessary  in  order  to 
properly  understand  the  situation  of  the  question  of  sngar-bect  culture  in  our  State. 
The  table  indicates  what  an  investigation  continued  through  four  growing  seiisons 
has  revealed  as  to  the  adaptability  of  the  soil  in  different  parts  of  the  State  to  the 
culture  of  this  crop.  In  case  of  a  fuw  counties,  especially  the  extreme  northern 
ones,  the  number  of  analyses  made  is  not  sufficiently  large  to  warrant  our  drawing 
definite  conclusions  as  to  the  quality  of  beets  there  grown,  but  in  the  large  majority 
of  counties  the  number  of  analyses  is  ample  to  bo  considered  a  true  representation 
of  what  beets  grown  in  the  respective  counties  will  show  when  raised  by  farmers 
who  have  no  special  knowledge  of  the  requirements  of  the  sngar  beet  as  to  culture, 
soil,  etc. 

If  the  averages  of  the  sngar  contents  for  the  varions  counties,  as  given  in  the  last 
table,  be  marked  on  a  Wisconsin  map,  and  the  counties  whoso  averages  come,  say, 
above  13  and  above  14  per  cent  of  sugar  in  the  juice  be  shaded,  it  will  at  once  be 
noticed  that  the  counties  producing  the  richest  beets  are  those  lying  east  and  south- 
east of  the  Wisconsin  River,  and  those  in  the  northwestern  corner  of  the  State  along 
the  Mississippi  and  St.  Croix  rivers,  from  BuiTalo  County  and  north.  The  Lake 
Shore  region  is  shown  to  be  peculiarly  well  adapted  to  the  culture  of  sugar  beets; 
all  counties  producing  beets  with  an  average  content  of  sugar  in  the  juice  above  14 
per  cent  in  the  past  season's  analyses  border  on  Lake  Michigan  or  are  adjacent  to 
counties  bordering  on  this  lake. 

Mr.  Woll  is  also  of  tbe  opinion  that  those  soils  of  the  State  whiQh 
have  been  derived  from  limestone  are  best  suited  to  the  growth  of  sugar 
beets.  He  makes  the  following  comment  in  regard  to  the  sugar  content 
of  the  beets : 

Sugar  content  of  beets. — The  table  shows  that  the  average  per  centi  of  sugar  in  the 
j nice  for  the  years  given  were  as  follows:  1890-1892,  12.76  per  cent;  1897,  12.67  per 
cent,  or  an  average  of  12.70  per  cent  for  the  years  1890-1897,  the  last  figure  being 
the  mean  of  nearly  2,200  analyses.  The  usual  minimum  standard  for  beets  adapted 
to  factory  purposes  is  13  per  cent  sugar  in  the  beet.  Since  beets  contain  about  95 
per  cent  of  juice,  this  will  correspond  to  it  =  12.63  per  cent  of  sugar  in  the  juice. 
Oar  avera<;e  therefore  exceeds  this  minimum  figure  by  a  small  fraction  of  1  per  cent. 

The  influence  of  the  character  of  the  soil  upon  the  weight,  sugar  con- 
tent, an<l  purity  of  the  beets  is  summarized  by  Mr.  Woll  in  the  following 
statements: 

In  the  sections  of  our  State  where  exclusive  grain  raising  has  given  way  to  diver- 
sified farming,  dairying,  stock  raising,  or  market  gardening,  the  land  is  usually  in 
a  goo<l  state  of  fertility^  and  a  sufficient  amount  of  barnyard  manure  is  produced 
every  year  so  that  no  artificial  fertilizers  need  be  purchased.  But  where  grain  rais- 
ing 18  still  continued  as  the  sole  reliance  of  the  farmers,  there  is  no  hope  for  sugar- 
beet  culture  until  the  system  of  farming  is  changed,  and  the  manure  produced  by 
the  stock  kept  is  carefully  saved  and  applied,  or  commercial  fertilizers  are  purchased 
for  the  beet  fields. 
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Second  method. — The  second  line  of  investigations  conducted  by  the 
experiment  station  consisted  in  the  establishment  of  substations  in  dif- 
ferent parts  of  the  State.  As  was  mentioned  in  a  previous  part  of  this 
report,  this  is  by  far  the  most  hopeful  manner  of  conducting  an  agri- 
cultural survey  of  the  State  for  the  purpose  of  determining  its  suita- 
bility for  the  growth  of  sugar  beets.  In  all,  33  farmers  who  took  charge 
of  this  substation  work  made  complete  reports  to  the  central  station. 
The  average  expense  per  acre  reported  by  32  of  these  was  828.73.  One 
report,  showing  an  expense  of  $94.34  per  acre,  was  excluded  from  the 
average.  The  average  yield  per  acre,  as  reported  from  the  33  stations, 
was  21),850  pounds,  or  14.0  tons  of  2,000  pounds  each  per  acre.  This 
yield  includes  only  27  returns,  since  G  of  the  substations  failed  to  return 
the  yield  per  acre.  The  lowest  yield  per  acre  reported  was  G  tons,  and 
the  highest  24.8  tons.  The  average  result  of  the  analyses  of  the  sam- 
ples from  the  different  substations  is  shown  in  the  following  table: 


Average  for  23  substations  in  southern 
half  of  State  (liU  and  31  samples,  re- 
spectively-)   

Average  fur  13  substations  in  northern 
balf  of  State  (17  and  15  samples,  re- 
spectively)   

Average  for  36  substations  (47  and  46 
sampltiB,  respectively) 


Weight    Sugar  in  Purity  co-' 
of  beets,      juioe.      efficient. 


Pounds. 

1.17 

1.42 
1.26 


Per  cent. 

18.58 

13.35 
13.49 


Percent. 

80.0 

81.7 
80.6 


Weight 
of  beets. 


Pounds. 

1.79 

1.60 
1.72 


Sugar  in 
j  nice. 

Percent. 

15.35 

14.97 
15.22 


Purity  co- 
erticienl. 


Per  cent. 
79.0 
82.5 


For  the  first  attempt  at  collecting  data  by  a  complete  agricultural 
survey,  the  above  results  may  be  regarded  as  exceedingly  encouraging. 
With  larger  experience  on  the  part  of  the  farmers  in  charge  of  tlie 
experiments,  however,  much  more  valuable  and  convincing  data  might 
be  obtained. 

Third  method. — The  third  class  of  experiments  conducted  by  the 
Wisconsin  station  consisted  in  investigations  at  the  station  farm  itself. 
For  the  details  of  these  experiments  Bulletin  64  may  be  consulted.  The 
following  is  a  summary: 

The  field  selected  for  the  experiments  was  <livi<led  into  two  portions. 
The  eastern  half  had  been  a  meadow  continuously  since  it  came  into 
cultivation  up  to  1895,  when  rape  was  grown  thereon,  followed  by  a 
croi>  of  peas  in  1896.  The  western  half  of  the  field  had  been  i)lowed 
only  once  during  the  past  twenty  years,  when  it  was  cultivated  in 
Indian  corn.  It  had  been  pastured  during  the  i)ast  ten  years  until 
1896,  when  it  was  planted  to  rape  and  the  rape  eaten  off  by  sheep. 
The  beet  crop  did  not  do  well  on  this  field,  the  whole  northwestern 
portion  of  it,  after  the  1st  of  August,  showing  no  increase  in  the 
growth  of  the  beets,  the  foliage  turning  yellow  and  the  plants  dying 
away  to  a  large  extent.  The  field  was  plowed  6  inches  deep  on  May  7, 
and  plowed  again  12  inches  deep  on  May  20.    About  four-fifths  of  it 
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^as  subsoiled  to  a  depth  of  6  inches.    The  agricultural  analytical  data 
obtained  from  this  field  are  given  in  the  following  table: 

Yield  ofheeU  and  of  sugar  per  acre,  main  field. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


Name  of  need. 


Klein  wanzlebenertKeb 

Desprez,  Men 

Klein  wanzlebener,  Afcnew  . . . 
Klein  w^nnzlebener,  Uuerning. 

Vilmoriu  Improved 

Vilmorin  Klein wanzlebener.. 

Vilmorin  French 

Klein wauzlfbener,  Floto  *  . . . 

l)eapn»z  White,  No.  2* 

Desprez  White,  No.  2  B  * 

Wernich'ft  Klein w.,  Floto*... 

DenieMmay  * 

Kleinwanzlebener,  Neb.  (2)  *  . 


Eastern  half. 


Western  half. 


Yield  I  Yield 

of  beeta  of  beetH 

from   I     per 

plat.      acre. 

Pounds.'- Pounds. 


3,422 
2,826 
3,0&:) 
2,875 
2, 221 
2,473 
2,485 
2, 258 
2,081 
2, 1U8 
2,111 
1,321 
887 


24,010 
22,060 
21,  450 
20.160 
15,610 
17.380 
17,460 
15,860 
14,620 
14,  810 
14.840 
15, 510 
20,760 


Sugar 
in  the 
beet. 


Per  el. 
12.T2 
11.71 
10.06 
15.04 
14.68 
10.65 
11.26 
14.24 
10.95 
15.05 
15.65 
14.23 
15.83 


««^or      Yield 
S5f     of  beets 
J^«    '    from 
*^'^«-       plat. 


Pounds. 
3. 059 
2.543 
2,  :i52 
3, 038 
2,291 
1,850 
1.966 
2.259 
1.602 
2.228 
2.  320 
2,207 
3,287 


ATerage«,etc 30,121     18,043       13.22  •    2,385     23,032  118,472       14.18        2,620 


Pounds. 
2,874 
3. 122 
2.301 
1,299 
1.308 
2.728 
2,  701 
1,472 
1,420 
1,408 
?,236 
799 
355 


Yield 

of  bect« 

per 

acre. 

Pounds. 
25.  U30 
30. 230 
32. 120 
20,210 
15.  030 
23,770 
23.  540 
12.820 
12.  4<J0 
12.  270 
10.760 
I  11,600 
I  10.300 


Su^ar 
Id  the 
beet. 


Per  et, 
15  80 
13.71 
15  17 
17.06 
14. 28 
14.98 
13.58 
14.05 
14.  38 
11.71 
13.62 
10.28 
10.75 


Sugar 
per 
acre. 


Pounds. 
3,959 
4,144 
4,873 
8,448 
2,141 
3.561 
3,196 
1,801 
1,790 
1,436 
1.467 
1.192 
1.058 


*  Not  included  in  average  for  western  half. 

The  cost  of  cultivating  this  field  is  given  as  follows : 

Coat  of  growing  an  acre  of  sugar  beets.— A  carefnl  account  was  kept  throughout  the 
season  of  the  labvir  done  on  the  3-acre  beet  field;  valuing  labor  a.s  previouHly  given, 
we  have  the  following  summary : 

Plowing  and  preparing  tlie  land $12. 42 

Planting 1.70 

Cultivating,  hoeing,  thinning  and  transplanting 51. 63 

Harvesting  and  placing  in  cellar 31. 60 


Total 97,35 

This  sum,  $97.35,  or  $32.45  per  acre,  does  not  include  the  cost  of  socmI  or  rent  of 
land.  It  is  nearly  $4  higher  than  the  corresponding  figure  obtained  as  the  average 
for  28  subHtations;  the  greater  co8t  with  us  is  easily  accounted  for  hy  the  weedy 
condition  of  the  western  half  of  the  field,  as  well  as  by  the  fact  that  the  harvesting 
of  our  beets  was  a  comparatively  slow  and  difficult  job,  since  the  difl'erent  lots  and 
varieties  had  to  be  harvested  and  kept  separately. 

In  addition  to  the  work  summarized  above  the  station  took  part  in 
the  growth  of  high-grade  beets  on  special  plats  under  the  Hui)ervision  of 
the  Department.  The  results  of  these  experiments  are  given  in  another 
place. 

Wyoming. 

Thirty-four  samples  of  beets  grown  in  Wyoming  were  received  at 
the  Department  of  Agriculture  for  analysis.  The  mean  weight  of  the 
beets  received  was  19  ounces,  the  mean  content  of  sugar  in  the  beut 
17.2  per  cent,  and  the  mean  purity  82.3.  These  data  are  exceptionally 
fine,  and  show  that,  in  so  far  as  the  production  of  a  ci  op  is  concerned, 
Wyoming  will  be  able  to  compete  with  any  State  in  the  Union.  The 
thermal  conditions  which  jjrevail  in  the  State  are  extremely  irregular, 
the  low  valleys  having  waim  and  the  high  plateaus  cool  summers.    It 
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is  evident  that  only  on  the  plateaus,  where  the  land  is  reasonably  level, 
and  where  irrigation  can  be  practiced,  will  it  be  x^ossible  to  grow,  with 
absolute  certainty,  a  crop  of  beets  of  high  saccharine  strength. 

Among  the  counties  of  Wyoming  the  two  which  furnish  the  most  data 
are  Converse  and  Big  Horn.  Converse  County  lies  in  the  southeastern 
part  of  the  State  and  Big  Horn  in  the  northwestern.  In  the  beets 
from  Converse  County  the  average  weight  was  20  ounces,  the  mean 
content  of  sugar  17.8  per  cent,  and  the  mean  coeflBcient  of  purity,  82.2. 
Big  Horn  County  furnished  six  samples,  of  which  the  average  weight 
was  20  ounces,  the  mean  content  of  sugar  18.7  per  cent,  and  the  mean 
coeflBcient  of  purity  82.2. 

When  these  analyses  were  made,  showing  such  fine  results,  we  wrote 
at  once  to  the  parties  to  see  if  we  could  not  get  a  quantity  of  the  beets 
for  mothers  in  producing  beet  seed.  The  reply  was  made  that  they 
had  all  been  frozen,  and  therefore  no  samples  could  be  furnished.  This 
reply  to  our  inquiry  indicates  the  chief  difficulty  to  be  encountered  in 
Wyoming  in  introducing  the  beet  industry,  namely,  the  sudden  advent 
of  cold  weather  and  the  severity  of  the  early  winters  in  that  locality. 
In  Big  Horn  County  some  of  the  altitudes  are  10,000  feet,  and  the  whole 
county  has  a  very  great  elevation.  In  the  southeastern  portion  of  the 
State  the  altitude  generally  reaches  7,000  feet.  It  is  evident,  therefore, 
that  these  high  elevations  give  cool  summers  and  favor  the  early  advent 
of  winter. 

Another  point  to  b^  considered  is  the  mountainous  character  of  the 
State,  which,  of  course,  precludes  the  possibility  of  culture  over  exten- 
sive areas.  In  low  valleys  protected  by  mountain  ranges,  if  from 
15,000  to  25,000  acres  of  land  in  a  body  could  be  secured,  it  seems  proba- 
ble that  the  industry  of  beet  growing  might  be  introduced  with  every 
probability  of  success.  The  temperature  conditions,  however,  of  Octo- 
ber and  November  should  be  most  carefully  considered,  as  it  would 
doubtless  be  necessary,  even  in  the  most  favored  valleys  of  Wyoming, 
to  have  the  beets  securely  protected  by  the  middle  or  end  of  November. 
This  short  harvesting  season  can  not  help  but  add  a  great  deal  to  the 
cost  of  production,  and  hence  must  be  taken  into  consideration. 

In  that  part  of  the  country  also  the  question  of  the  supply  of  water 
is  a  very  important  factor,  and  must  not  be  lost  sight  of,  as  not  only 
will  water  be  required  for  the  growing  of  crops,  but  also  in  immense 
quantities  for  manufacture. 

The  data  at  hand  only  permit  us  to  study  the  composition  of  the 
beet  itself,  and  surely  Wyoming  is  to  be  congratulated  on  having 
produced,  judged  from  the  limited  number  of  samples  supplied,  an 
excellent  quality  of  beets. 

Vermont. 

Only  8  samples  of  beets  from  Vermont  were  received  at  the  Depart- 
ment of  Agriculture,  and  these  were  of  very  high  quality.  The  mean 
weight  of  the  samples  received  was  22  ounces,  the  mean  content  of 
sugar  in  the  beet  14.2  per  cent,  and  the  mean  coeflBcient  of  purity,  84.1, 
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At  the  agricultural  experiment  station  of  Vermont  32  samples  were 
received.  The  average  weight  of  the  beets  received  at  the  experiment 
station  was  17  ouuces,  the  mean  percentage  of  sugar  in  the  beet  16..'$, 
and  the  mean  purity  84.2.  In  rei>orting  the  results  of  the  experiments 
the  director  of  the  station  makes  the  following  observations : 

RESULTS   OF  EXPSRIMENTS  IN  VERMONT. 

One  handred  persons  guaranteed  at  the  outset  of  the  season  to  grow  the  crop  and 
ship  us  samples.  We  had  returns  from  tweuty-seven.  The  remaining  seventy-three, 
however,  were  not  so  much  at  fault  as  was  the  Weather  Bureau.  The  weathor 
throughout  the  St^te  duriug  the  months  of  May,  June,  and  July  and  the  first  part 
of  August  was  execrable,  there  being  several  times  the  normal  rainfall.  In  almost 
every  case  of  not  sending  samples  the  report  was  that  the  crop  was  drowned  out. 
It  strikes  me  as  somewhat  doubtful  whether  the  results  obtained  in  the  tweuty- 
aeven  cases  reported  are  truly  representative  of  what  might  be  expected  under 
normal  conditions  of  weather.  The  percentages  of  sugar  certainly  run  quite 
high.  I  find  that  several  of  the  growers  sent  their  samples  to  Washington.  I 
Bhould  bo  gratified,  if  it  were  possible,  to  receive  the  statement  of  the  analyses,  as 
we  may  wish  to  make  some  use  of  the  sugar- beet  data  ourselves,  which,  as  I  under- 
stand, we  are  at  liberty  to  do. 

The  majority  of  those  who  made  a  failure  of  the  work  this  year  expressed  their 
desire  to  try  again  next  year. 

Of  32  beets  analyzed  at  the  agricultural  experiment  station  of  Ver- 
mont the  number  containing  from  12  to  14  per  cent  of  sugar  was  2;  the 
number  containing  from  12  to  14  per  cent  of  sugar  and  weighing  IG 
ounces  or  over  was  1;  the  number  containing  more  than  14  per  cent  of 
sugar  was  28^  the  number  containing  more  than  14  per  cent  of  sugar 
and  weighing  16  ounces  or  more  was  12. 

It  is  seen  from  the  above  data  that  the  oDly  limitations  upon  the 
growing  of  beets  in  Vermont  are  the  extent  of  the  area  suitable  to  the 
culture  of  the  beets  and  the  length  of  the  growing  season.  It  is  evi- 
dent, in  so  far  as  growth  is  concerned,  that  such  a  season  as  that  of 
1897  is  capable  of  producing  beets  of  the  highest  grade,  but  the  growing 
season  includes  properly  the  season  of  harvest  and  i^reservation  of  the 
beets.  The  high  northern  latitude  of  Vermont  and  the  early  and  severe 
winters  must  he  taken  into  consideration  in  this  particular.  Vermont 
is  also  a  mountainous  country,  and  the  areas  of  level  land  are  not 
proportionately  so  great  as  in  most  of  the  States  which  have  been 
considered  for  beet  growing.  Where  bodies  of  from  15,000  to  25,000 
acres  of  level  and  fertile  land  can  be  found  with  the  autumnal  condi- 
ti(ms  favorable  for  the  harvest  and  preservation  of  the  beets,  tkere  is  no 
reason  to  doubt  the  possibility  of  successfully  establishing  the  beet- 
sugar  industry. 

INFLUENCE   OP  TEMPEKATUBE   ON   THE   QUALITY  OF   SUGAR   BEETS. 

The  influence  of  temperature  and  other  climatic  conditions  upon  the 
growth  of  beets  is  discussed  under  the  head  of  special  experiments  in 
growing  beets  from  high-grade  seeds.  It  will  be  interesting,  however, 
to  compare  the  deductions  from  that  discussion  with  those  from  data 
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obtained  from  certain  parts  of  the  country  where  favorable  conditions 
exist  for  making  this  comparison.  Tbe  States  of  Ohio,  Indiana,  and 
Illinois  are  situated  in  a  peculiarly  favorable  manner  for  a  study  of  this 
kind.  Each  of  these  States  has  a  portion  of  its  area  in  tbe  theoretical 
thermal  belt  and  a  large  portion  of  its  area  outside  of  that  belt.  In 
each  of  these  States,  therefore,  the  data  received  from  the  various 
counties  were  classified  into  three  portions,  namely,  the  northern,  the 
central,  and  the  southern  belts. 

The  following  is  a  tabulation  of  the  data  from  each  one  of  these 
sections  in  the  three  States: 

Relation  of  latitude  to  development  of  sugar  content. 


Ohio  ... 
Indiana 
lUinoia. 


Northern  belt. 


Avera);e  |  Sii^ar 
weight  of       in 
beets.       beet«. 


Ounces. 
29.4 
18.  U 
22.0 


i: 


Per  ct. 
13.6 
13.3 
13.2 


Purity 
coeffi- 
cient. 


79.4 
81.9 
79.3 


Central  belt. 


Average 

weight  of 

beets. 


Sugar 

in 
beet«. 


OuTices. 
32.6 
18.5 
20.0 


2'er  ct. 
13.2 
12.9 
11.5 


Puritv 


Southern  belt. 


,  I  , 


,  Avei-age    Sugar 
coeth-  ;  weight  of  r      in 
cienl.  I    l>eots.    !  beets. 


78.0 
80.7 
75.4 


Ounces. 
35.0 
14.2 
19.0 


Perct. 
12.2 
10.7 
11.1 


Purity 
coeffi- 
cient. 


75.3 
78.0 
74.7 


The  data  in  the  above  table  have  a  peculiar  value  in  establishing, 
by  experimental  results,  the  validity  of  the  scheme  employed  in  the 
construction  of  the  theoretical  thermal  belt  suitable  to  the  growing  of 
beets.  In  every  one  of  the  States  mentioned  there  is  a  gradual  deteri- 
oration in  the  quality  of  the  beet,  both  as  respects  its  sugar  content 
and  its  purity,  in  j^assing  from  the  northern  to  the  southern  belt  of  the 
State.  It  may  be  said  that  the  diiference  between  the  two  extreme 
areas  is  not  very  great,  and  that  for  this  reason  it  wouhl  be  advis- 
able to  establish  factories  indiscriminately  in  one  or  the  other  of  the 
belts,  according  to  more  or  less  favorable  local  conditions,  aside  from 
the  sugar  content  of  the  beet.  The  fallacy  of  this  statement,  however, 
will  be  evident  to  anyone  who  studies  carefully  the  conditions  of  manu- 
facture. An  increase  of  1  per  cent  in  the  sugar  content  of  the  beet 
means  an  increase  of  20  pounds  per  ton  in  the  amount  of  sugar  manu- 
factured, without  any  corresponding  increase  in  the  expense  of  manufac- 
ture. In  other  words,  the  cost  of  extracting  the  sugar  from  a  ton  of 
beets  which  would  yield  180  pounds  would  be  just  as  great  as  that 
attending  a  ton  of  beets  which  would  yield  200  pounds  of  sugjir.  But 
the  additional  value  of  the  20  pounds  of  sugar  manufactured  might 
in  many  instances  determine  whether  the  business  would  be  con- 
ducted at  a  profit  or  a  loss.  The  above  assumption  is  true  on  the 
supposition  that  the  coefficient  of  purity  remains  the  same  in  each  case. 
When  we  consider  in  addition  to  the  loss  of  the  sugar,  the  deprecia- 
tion in  the  purity  of  the  juice,  the  discrepancy  between  the  sections 
becomes  all  the  greater.  Not  only  is  the  loss  attending  the  lower 
sugar  content  of  the  beet  to  be  considered,  but  also  the  additional  los^ 
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-whicli  is  coupled  with  the  lower  purity.  In  other  words,  a  ton  of  beets 
with  a  coefScient  of  purity  of  80,  which  would  yield  200  pounds  of 
sugar  by  the  ordinary  processes  of  manufacture,  would  yield  very 
much  less  than  this  if  the  purity  coefficient  should  fall  to  76,  and 
would  yield  very  much  more  if  it  should  rise  to  85.  The  data  obtained 
in  the  above  table  aftbrd  convincing  proof  of  the  fact  that  it  is  not  safe 
to  push  the  manufacture  of  beet  sugar  too  far  south  of  the  theoretical 
thermal  belt,  unless  the  depreciation  in  the  sugar  content  and  purity  of 
the  beet  is  compensated  for  by  some  remarkable  local  factors,  in  the 
way  of  cheapness  of  manufacture,  which  will  make  good  the  loss  due  to 
the  low  content  of  sugar  and  the  low  purity  of  the  juice.  These  figures, 
obtained  in  this  miscellaneous  way,  are  fully  corroborated  by  the  care- 
ful experimental  data  obtained  in  the  calture  of  high-grade  beets  at  the 
six  stations  which  are  mentioned  in  another  place.  From  exactly  the 
same  seeds,  planted  in  exactly  the  same  way  and  cultivated  in  the  same 
manner,  exceptionally  high  grade  beets  of  fine  sugar  content  and  high 
purity  were  obtained  from  the  New  York  station,  good  beets  were 
grown  at  the  Wis(;onsin  station,  fairly  good  beets  at  the  Iowa  station, 
beets  with  a  fairly  good  content  of  sugar  but  diminutive  in  size  on 
account  of  the  drought  at  the  Indiana  station,  beets  of  good  size  and 
very  low  content  of  sugar  at  the  Kentucky  station,  beets  of  only  mini- 
mum content  of  sugar  and  very  small  size  at  the  Tennessee  station. 
These  results  are  such  as  should  be  studied  carefully  by  intending 
investors  who  desire  to  place  their  money  where  the  certainty  of  return 
is  the  greatest.  With  such  magnificent  areas  open  to  cultivation  hs  are 
found  in  the  States  of  New  York,  northwestern  Pennsylvania,  northern 
Ohio,  northern  Indiana,  and  southern  Michigan,  it  would  not  be  wise  for 
men  of  capital  to  select  localities  which  the  figures  at  hand  indicate  are 
less  fa  vox  able  to  the  production  of  high-grade  beets.  The  data  which 
have  been  obtained  from  New  York  and  from  Michigan  indicate  that 
with  the  best  principles  of  culture,  with  good  fertilization  and  skilled 
oversight,  beets  can  be  grown  over  wide  areas  fully  equal  in  sugar-pro- 
ducing power  to  those  which  are  grown  by  the  skilled  farmers  of  Ger- 
many. On  the  other  hand,  it  is  quite  certain  that  if  the  area  of  culture 
be  pushed  to  the  south,  so  as  to  fall  entirely  without  the  limits  of  the 
thermal  belt,  the  same  fertility  of  soil,  the  same  fertilization,  and  the 
same  care  in  culture  will  produce  beets  less  rich  in  sugar,  with  a  lower 
purity,  and  yielding  less  sugar  per  ton  than  those  grown  in  the  locali- 
ties first  mentioned. 

As  to  how  far  the  successful  growth  of  the  sugar-beet  industry  can 
be  pushed  north  of  the  limit  of  69^,  it  may  be  said  that  the  only  con- 
dition to  be  considered  in  tbis  matter  is  the  possibility  of  producing 
and  ripening  a  crop  and  harvesting  it  before  the  rigors  of  winter  set  in. 
The  culture  of  the  sugar  beet  may  be  very  successfully  practiced  in 
localities  where  the  mean  summer  temperature  falls  even  as  low  as  G4^, 
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provided  the  latitude  is  far  enough  uorth  to  get  sufficient  suDshiue 
to  mature  the  beets  before  the  frosts  of  autumn.  If  tlie  autumn  be 
mild  and  merge  gradually  into  winter,  the  limit  of  successful  culture 
will  be  found  where  the  freezing  weather  of  winter  cuts  short  the  time 
required  for  the  harvesting  and  siloing  of  the  crop  of  beets.  In  the 
light  of  the  data  at  present  available,  therefore,  the  southern  limit  of 
the  sugar-beet  belt  may  be  regarded  as  the  isotherm  of  71^  for  the  three 
summer  months,  occasionally  pushing  50,  75,  or  even  more  miles  south 
of  this  line,  where  exceptional  conditions  of  soil  and  manufacturing 
facilities  are  presented.  The  facts  of  the  case,  however,  warrant  the 
statement  that  the  safer  plan  will  be  not  to  push  south  of  the  isotherm 
of  71^  so  long  as  equally  favorable  conditions  of  soil  and  manufacture 
are  obtainable  north  of  this  line  of  demarcation.  It  is  deemed  wise  to 
dwell  particularly  upon  this  subject,  because  of  the  fact  that  so  many 
people  living  south  of  the  isotherm  of  71  o  are  vitally  interested  in  this 
matter  and  so  eager  to  have  the  industry  established  in  the  neighbor- 
hoods in  which  they  live.  The  conclusions  which  have  been  drawn  are 
not  meant  to  discourage  experimental  work  in  areas  widely  remote  from 
those  mentioned.  It  is  only  just,  however,  to  call  attention  to  the  fact 
that  investments  of  large  amounts  of  capital  which  result  disastrously 
do  more  to  deter  the  successful  establishment  of  an  industry  than  a 
much  larger  number  of  successful  investments  favor  it.  For  instance, 
in  the  State  of  Wisconsin  we  have  an  illustration  of  the  financial  failure 
of  an  attempt  to  manufacture  beet  sugar,  and  as  a  result  of  this  fail- 
ure it  will  be  difficult  to  induce  capital  to  look  for  investment  in 
Wisconsin  in  the  sugar-beet  industry,  although  the  conditions  in  that 
State  are  exceedingly  favorable  to  success.  Had  it  not  been  for  the 
failure  of  the  factory  projected  at  Menominee  Falls,  it  is  quite  certain 
that  other  capital  would  be  invested  in  the  State  at  the  present  time, 
and  instead  of  the  industry  being  in  a  stagnant  condition  it  would  be 
advancing  on  the  road  toward  success.  It  is  extremely  imi>ortant  that 
no  mistakes  be  made  from  a  financial  point  of  view,  and  that  every 
precaution  to  avoid  these  mistakes  be  observed.  When  subsequent 
experimentation  shall  have  demonstrated  that  there  aie  areas  outside, 
and  especially  south  of  the  theoretical  belt,  equally  as  well  suited  to  the 
growth  of  beets  sufficiently  rich  in  sugar  as  those  which  have  been 
mentioned,  it  will  bo  time  enough  to  ask  capital  to  seek  investment 
in  those  localities. 

SUGAR  BEETS  AS  CATTLE  FOOD. 

Thousands  of  farmers  in  various  parts  of  the  country  are  growing 
beets  in  an  experimental  way  and  have  no  opportunity  to  disi>ose  of 
their  product  to  sugar  factories.  These  farmers  may,  nevertheless, 
find  the  growing  of  small  quantities  of  sugar  beets  profitable  by  asing 
the  product  for  cattle  lood.    Following  is  an  anrJysis  lately  made  in 
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this  laboratory  of  a  sample  of  sagar  beets  received  from  a  locality 
sach  as  is  mentioued  above : 

Composition  of  freak  heel  pulp. 


MoiBtore 

Fiber  (cmde) 

AMi 

Ether  extract  (fat) 

PrDteiflii 

Sugar  and  other  carbohydrates  . 


Fiesh 
pulp. 


Dry 
matter. 


Per  cent. 

Per  cent. 

73.87 

1.63 

5.89 

1.35 

6.18 

.11 

.42 

2.21 

8.47 

20.93 

80.04 

100.00  I        100.00 


The  sample  iii  question  contained  73.87  per  cent  of  water  and  20.13 
per  cent  of  dry  matter.  The  analyses  of  hundreds  of  samples  of  beets 
in  this  laboratory  show  that  the  average  content  of  fiber,  usually  called 
"marc,"  is  about  5  per  cent.  In  the  process  of  analysis  all  this  marc  is 
dissolved  except  that  which  is  entered  above*  as  crude  fiber,  namely, 
1.53  per  cent.  The  difference  between  this  and  the  6  per  cent  average 
content  of  marc,  namely,  3.47  per  cent,  shows  the  quantity  of  carbohy- 
drate matter  not  sugar  contained  in  the  20.93  per  cent  of  total  sugars 
and  carbohydrates.  The  quantity  of  sugar  in  the  sample  analyzed 
was,  therefore,  17.46  per  cent.  Practically  all,  however,  of  the  carbo- 
hydrates, except  those  represented  by  the  crude  fiber,  are  digestible,  so 
that  the  soluble  marc  has  practically  the  same  food  va'ue  as  the  sugar 
itself.  The  ratio  of  the  proteid  matter  to  the  digestible  carbohydrates 
plus  fat  multiplied  by  2^,  is  9.59.  This  ratio  shows  that  the  food  is 
particularly  a  fattening  one,  and  could  be  used  to  great  advantage  in 
preparing  fat  stock  for  market.  The  analysis  also  indicates  that  the 
food,  to  secure  the  best  results  for  all-round  sustenance,  should  be  fed 
with  some  highly  nitrogenous  ration  in  order  to  secure  a  smaller  ratio 
between  the  two  groups  of  nutrients.  It  may  be  said  with  perfect  con- 
fidence that  it  will  be  far  more  profitable  for  the  farmer  to  grow  sugar 
beets  at  12  tons  per  acre  for  cattle  food  than  other  root  crops,  such 
as  turnips  and  rutabagas,  which  will  yield  double  that  quantity  per 
acre.  The  food  value  of  these  crops  does  not  depend  uf)on  the  gross 
tonnage,  but  upon  the  actual  nutrients  which  they  contain.  Sugar 
beets  contain,  as  is  seen,  over  20  per  cent  of  their  weight  of  acMial 
nutrients,  while  turnips  and  radishes  may  contain  only  from  6  to  12 
per  cent. 

USE  OF  BEBT  PULPS  FOR  CATTLE  FOOD. 

The  residue  from  beet  factories,  in  the  form  x)f  the  beet  pulp,  is  also 
a  valuable  cattle  food.  In  this  country  no  carefully  controlled  feed- 
ing experiments  have  been  conducted  with  this  material,  but  the 
question  has  been  studied  most  thoroughly  in  Europe,  and  the  data 
obtained  can  be  used  for  our  guidance.  There  is  practically  no  dif- 
ference in  chemical  composition  between  the  beet  pulps  obtained  in 
H.  Doc.  396 9 
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Earope  and  ia  this  country,  so  that  the  deductions  to  be  drawn  from  the 
feeding  experiments  in  that  country  can  be  applied  with  perfect  safety 
to  similar  work  hwe.  At  many  of  the  factories  in  this  country  practi- 
cal feeding  tests  have  been  made,  and  with  favorable  results.  Having 
heard  that  successful  experiments  in  feeding  cattle  and  sheep  had 
been  conducted  at  the  factory  of  the  Pecos  Valley  Beet  Sugar  Com- 
pany, I  addressed  a  letter  to  the  manager  of  that  factory,  and  received 
the  following  reply: 

Eddy,  N.  Mex.,  February  SI,  18p8, 
Dear  Sir:  I  have  yonr  letter  of  the  14th.  Shortly  before  the  close  of  oar  cam> 
paign,  Mr.  A.  J.  Crawford,  a  large  sheep  owner  of  this  section,  looked  into  the 
question  of  feeding  beet  pulp  to  sheep,  and  finally  decided  to  try  a  bunch  of  500 
iambs  as  an  experiment.  These  lambs  were  the  culls  of  his  flock,  and  when  broaght 
to  the  fee<ling  pens  at  the  factory  were  in  very  poor  condition.  In  a  few  days  they 
took  to  the  pulp  very  readily,  and  are  now  eating  7  to  10  pounds  of  palp  per  day 
each;  with  sufficient  hay  (alfalfa)  as  roughening.  They  have  picked  up  wouder- 
fnlly  during  the  time  they  have  been,  here,  and  Mr.  Crawford  tells  me  that  they  are 
now  the  best  looking  of  any  he  has.  He  is  so  well  satisfied  with  the  result  of  his 
experiment  that  about  a  week  ago  he  brought  in  2,G00  ewes  with  the  iutcntion  of 
feeding  them  on  the  pulp  during  the  lambing  season.  You,  of  course,  are  aware 
that  the  pulp  is  a  great  milk  producer,  and  by  feeding  it  Mr.  Crawford  will  be  abl^ 
to  carry  both  ewes  and  lambs  through  in  good  shape  until  the  grass  comes,  and, 
of  course,  thereby  prevent  the  loss  which  he  would  otherwise  have  to  stand  of  the 
many  ewes  and  lambs  which  wonld  die  on  the  range. 

When  the  lambing  season  is  over  and  we  see  how  the  sheep  come  through  I  shall 
be  glad  to  write  you  fully.  Mr.  Crawford  is  anxioas  to  make  a  contract  for  all  onr 
next  year's  pulp,  and  I  have  no  doubt  that  the  feeding  of  sheep  on  palp  in  this 
valley  will  become  quite  an  industry. 

Yours,  truly,  A.  S.  Goetz, 

General  Manager, 
Mr.  H.  W.  Wiley, 

Division  of  Chemistry ,  Washingtonf  D,  C, 

It  is  evident  from  the  above  that  these  practical  experiments  in  feed- 
ing, although  not  controlled  by  actual  chemical  analyses,  have  been 
eminently  successfnl,  and  it  is  not  at  all  unlikely  that  within  a  few- 
years  our  beet  factories  will  be  able  to  contract  in  advance  for  all  the 
pulp  which  they  can  possibly  produce.  To  illustrate  more  clearly  the 
value  of  the  pulp  and  its  value  for  feeding  purposes,  the  following 
extracts,  taken  from  standard  European  authorities,  are  published: 

DIFFUSION  PULPS  OR  EXHAUSTED  C088ETTE8. 

The  following  table  contains  an  average  of  analyses  made  by  Messrs. 
Vivien,  Lucas,  Duvin,  Durot,  and  Dupont  as  a  commission  of  experts 
in  France: 

Dry 
materiaL 


Moisture 

Nitrogenous  matter 

Dieeotible  carbohydrates  ... 
Indigestible  carbohydrates  . 

Pat 

Mineral  matter 


Solid  matter  . 
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FEEDING  EXPERIMENTS  WITH  BEET  PULP. 

Extensive  tests  in  feeding  pulps  have  been  made  at  the  Franciferes 
sugar  house  of  M.  Gallois.  The  following  animals  were  used:  (1)  Beef 
cattle,  (2)  oxen,  (3)  milch  cows,  (4)  sheep,  (5)  ewes.  Before  beginning 
tlie  tests,  these  animals  were  all  gradually  accustomed  to  the  change 
from  their  customary  ration  to  that  of  diffusion  pulp. 

(a)  Beef  cattle. — Twelve  beeves  each  received  every  day,  in  three 
meals,  52.26  kilograms  (115  lbs.)  of  diffusion  pulps,  mixed  with  3  kilo- 
grams of  linseed  oil  cake  and  3  kilograms  (6.6  lbs.)  of  chopped  alfalfa. 
Their  weight  increased  an  average  of  1.004  kilos  (2.214  lbs.)  i)er  day. 
If.  we  consider  the  value  of  the  meat  as  0.95  franc  ($0.19),  that  of  the 
oil  cake  0.25  franc  ($0.05),  and  that  of  the  alfalfa  0.08  franc  ($0,016)  per 
kilogram  (2.2  lbs.),  we  find  that  the  feeding  value  of  the  diffusion  pulp 
was  6.58  francs  ($1,316)  per  1,000  kilograms  (2,205  lbs.). 

{h)  Oxen. — Four  oxen  each  received  the  following  ration  per  day: 
57.5  kilograms  (126.8  lbs.)  of  diffusion  pulp  mixed  with  5  kilograms  (12 
lbs.)  of  alfalfa  and  1  kilogram  (2.2  lbs.)  of  linseed-oil  cake.  These  cat- 
tle decreased  somewhat  in  weight  in  the  first  fifteen  days,  and  did  less 
than  the  usual  amount  of  work,  but  in  the  second  fifteen  days  they  had 
entirely  recovered.  The  trial  continued  two  and  a  half  months.  In 
making  a  calculation  analagous  to  that  above,  the  value  of  the  diffu- 
sion pulp  was  4.78  francs  ($0,956)  per  1,000  kilograms  (2,205  lbs.). 

(c)  Milch  cows. — The  test  with  milch  cows  lasted  thirty  days.  Two 
cows  were  employed — one  Flemish  and  the  other  Dutch.  Before  the 
tests  the  cattle  were  fed  on  dry  alfalfa  with  a  small  quantity  of  beet 
])ulp8  produced  by  the  hydraulic  press  method.  The  cows  were  each 
given,  per  day,  45  kilograms  (99.2  lbs.)  of  diffusion  pulp  with  2  kilo- 
grams (4.4  lbs.)  of  alfalfa.  The  tests  demonstrated  that  the  diffusion 
pulp  is  more  advantageous  as  regards  lactation  than  in  the  production 
of  ttesh. 

Cowafed  on  diffusion  pulps. 


Date. 

Cream  per  100  co.  of 
milk. 

Cow  No,  1. 

Cow  No.  2. 

April  27 

8.00 
7.50 
7.50 

7.50 

7  00 

Mayl 

8.00 

Mavl2 

8  04) 

Mavl9 

8.00 

From  these  tests  it  was  shown  that  the  milk  of  the  cows  fed  from 
diffusion  pulp  contained  an  average  of  7.68  per  cent  of  cream.  The 
butter  produced  from  this  milk  did  not  have  the  peculiar  disagreeable 
odor  which  is  present  in  that  from  cows  fed  on  press  pulps. 
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(d)  Sheep. — In  this  test  twenty  merino  sheep  were  fed  on  diffusion 
pulp.  The  following  table  shows  the  result  of  this  test  and  the  rations 
fed  per  animal: 

Weight:  Kilos. 

ApriU 948        =2,085.6   ponnds. 

AprU26 1,008        =2,217.6    pounds. 

Total  increase 60        =     132.0   pounds. 

Increase  per  sheep  per  day 0.137=          .3    poiinds. 

Average  rations  per  head : 

Pulp 5.4     =       11.88poand8. 

Linseed-oilcake .2     =.        .44poaiid8. 

Chopped  alfalfa .5     =        1.10  pounds. 

It  was  not  necessary  to  make  other  additions  to  the  diffusion  pulp, 
since  the  sheep  ate  it  with  avidity.  With  the  aid  of  these  figures  we 
may  calculate  the  value  of  the  pulp  as  follows: 

The  sheep  gained  per  day  0.137  kilogram  (.3  lb.)  in  meat,  which  at 
1  franc  ($0.20)  per  kilo  (2.2  lbs.)  equals  0.137  franc  ($0,027).  They  con- 
sumed  a  ration,  exclusive  of  the  pulp,  costing  0.09  franc,  therefore  the 
value  of  the  6.4  kilos  (11.9  lbs.)  of  diffusion  pulp  was  0.047  ($0.01),  or 
8.70  francs  ($1.74)  per  1,000  kilograms  (2,205  lbs.). 

Experiments  made  with  ewes, — The  ewes  were  obtained  from  a  flock 
from  which  the  lambs  had  just  been  separated.  In  feeding  the  ewes, 
to  which  a  somewhat  larger  ration  was  given,  the  value  of  the  pulp 
was  found  to  be  6.03  francs  ($1,206)  per  1,000  kilograms  (2,205  lbs.). 
Taking  all  of  these  elements  into  account,  the  experts  estimated  deli- 
nitely  the  value  of  1,000  kilograms  (2,205  lbs.)  of  diffusion  pulp  to  be 
5.55  francs  ($1.11).  They  also  demonstrated  that  diffusion  pulps  keep 
perfectly. 

Kot  taking  into  account  questions  of  transportation,  etc.,  the  value 
of  diffusion  pulp  was  estimated  at  6.10  francs  ($1.22)  per  1,000  kilo- 
grams (2,205  lbs.).  Basing  a  conclusion  upon  the  chemical  analysis 
of  the  pulp,  a  value  of  6.44  francs  ($1,288)  was  obtained,  as  compared 
with  the  6.10  francs  ($1.22)  per  1,000  kilograms  (2,205  lbs.)  given  by 
experiments. 

EXPERIMENTS    BY  ANDOUARD  AND   D^.ZAUNAI. 

(Sucrerie  Beige,  Vol.  12,  No.  7.) 

In  tests  in  feeding  diffusion  pulp  to  milch  cows  this  pulp  was  ffiven 
in  a  ration,  first  of  27  kilograms  (59.5  lbs.)  and  later  55  kilograms  (121.3 
lbs.)  per  day,  and  produced  immediately  an  increase  of  approximately 
32  per  cent  in  the  yield  of  milk.  It  appeared,  however,  to  be  without 
influence  on  the  richness  of  the  milk  in  casein  and  mineral  matter,  but 
produced  an  increase  in  the  yield  of  butter  of  12.4  per  cent,  and  in  that 
of  the  sugar  of  24.63  per  cent  over  the  previous  i)roportion8  of  these 
constituents.    It,  however,  gave  the  milk  a  less  agreeable  taste  nud  a 
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certain  predisposition  to  an  acid  fermentation.     The  butter,  therefore, 
would  probably  not  be  of  excellent  quality. 

Analyses  of  diffusion  pulps  before  ensilage,  * 


Constitaeiito. 


Maercker. 


Ktihn. 


Water 

Dry  matter 

Ash 

Fat 

Crude  fiber 

Grade  protein 

Nitrogen-ltee  extract 


eerU. 

Peroent. 

89.77 

88.9 

10.23 

11.1 

.58 

.9 

.05 

.1 

2.39 

2.5 

.89 

.9 

6.32 

8.7 

Diffusion  pulps  after  having  been  stored  in  the  silos.* 


Constitnents. 


Maercker, 


Kiibn. 


Water 

Dry  matter 

Ash 

Fat 

Crude  fiber 

Crude  protein 

Nltrogen>free  extract . 


PereenL 

Percent. 

88.52 

87.5 

11.48 

12.5 

1.09 

.9 

.11 

.1 

2.80 

3.0 

1.07 

1.2 

8.41 

7.3 

*  Sacha*  Beyoe  Univeraelle  dee  Progrte  de  la  Fabrication  da  Socre,  1,  428. 
Analysis  of  diffusion  pulps,  by  Pellets 


Constituenta. 


Preesed 
palp. 


Dry  ma- 
terial. 


Water 

Kitrogenoas  nuitter 

Digeatlble  carbohydrates . . . 
ludigestible  carbohydrates . 

Fat 

Solable  mineral  matter 

Insoluble  mineral  matter . . . 


Dry  matter . 


Per  cent. 

Percent. 

88.06 

.84 

7.04 

7.30 

61.14 

2.46 

30.60 

.06 

.50 

.43 

3.60 

.85 

7.12 

100.00 

100.00 

11.94 
* 



Maercker  (Sucrerie  Beige,  vol.  11,  page  464)  determined  that  siloed 
pulps,  in  addition  to  losing  water,  also  lost  a  considerable  portion  of 
their  dry  matter.  This  is  shown  in  the  following  statement  of  the 
analysis  of  pulps  which  were  siloed  for  live  months,  in  which  time  they 
lost  the  following  percentages: 

Thirty-seven  and  eight-tenths  of  nitrogen  free  extract,  25.5  of  nitrog- 
enous matter  and  29.6  of  the  fiber  which  they  contained:  The  pulx>s 
gained,  on  the  contrary,  in  fat,  owing  to  the  lactic  and  butyric  fermen- 
tations. The  losses  were  due  to  decomposition,  and  not  to  entrainment 
in  the  moisture  lost. 
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Analyaee  of  diffusion  pulp,  by  Vivien,* 


Constitaeiits. 


Dimtible  proteids  (nitrosen  X  6.25) 

Inaigeatible  proteids  (amid  oitrogen  X  0) 

Ifitratdof  poUsBium 

Dieeatible  carbohydrates 

Cellalose  and  iDdigestible  carbohydrates  . 

Fat 

Sugar 

Assimilable  mineral  matter 

Indigestible  mineral  matter 

Water 


Pressed 

Dry  m*> 

•pulp. 

teilal 

Percent. 

Percent 

0.64 

7.73 

.04 

.48 

.05 

.60 

4.07 

49.15 

1.02 

23.19 

.05 

.00 

.54 

6.52 

.35 

4.23 

.61 

7.37 

91.72 

100.00 


Analyse*  of  diffusion  pulp,  by  Pellet,* 


Constitnents. 


Dry  m»> 
terial. 


Water 

Oraanic  matter 

SoUible  Inorganic  matter  . . . 
Insolable  inorganic  matter . 


Acidity  (expressed  as  acetic  acid) 

Total  nitroeen 

Insolable  mtrogen  (at  the  boiling  point  of  water) . 


*  Sachs'  Kevne  Univorsolle  dos  Progr^s  de  la  Fabrication  da  sacre,  1,  429. 

The  pulps  diminished  in  weight  in  the  silos,  the  dififasion  palps  losing 
6  per  cent  per  month.  At  the  same  time  there  was  a  diminution  in  the 
weight  of  the  dry  matter,  approximately  1  per  cent  of  the  dififusion  pulp. 

It  is  evident  from  the  above  data  that  the  value  of  the  pulp  from  beet- 
sugar  factories,  especially  in  thickly  settled  countries  and  in  those 
regions  where  the  dairy  interests  are  prominent,  will  prove  of  no  incon- 
siderable advantage  in  the  successful  introduction  of  the  beet  sugar 
industry  and  its  rapid  advancement.  Beet  pulps  form  a  wholesome 
and  nutritious,  though  a  somewhat  poorly  balanced  ration.  Their 
chief  nutriment  is  found  in  the  carbohydrates,  composing  the  marc  of 
the  beet  and  including  the  unextracted  sugar,  and  in  the  proteid  nitrog- 
enous matters,  and  a  large  percentage  of  these  is  easily  digested. 
While  beet  pulp  is  not  suitable  for  the  entire  food  of  the  animal,  it  can 
be  made  a  principal  part  thereof,  varying  its  proportions  with  the 
nature  of  the  effect  desired  to  be  produced.  Experience  has  shown 
that  it  is  especially  relished  by  dairy  cattle,  produces  an  abundant 
supply  of  milk,  and  where  properly  preserved  and  fed,  it  can  bo  used 
in  great  abundance  without  imparting  to  the  milk,  butter,  or  cheese 
any  unpleasant  flavor. 

SUMMARY   OF  DATA  COLLECTBD  IN  PREVIOUS   YEARS. 

In  order  to  present  data  covering  as  wide  a  field  as  possible,  and 
including  the  experiments  of  several  seasons,  the  following  table  has 
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been  compiled  from  the  reports  of  the  Division  of  Chemistry  and  from 
the  bulletins  of  the  various  State  experiment  stations: 

Analyses  of  sugar  beets  groum  in  various  States, 

[A  compilation  of  the  analytical  data  obtained  at  the  varioos  State  experiment  stations  for  the  years 
1888  to  1897,  inclusive,  and  at  the  United  States  Department  of  Agricultore  for  the  years  1884  to  1807, 
inclusive.] 


Ans 

Year. 

Jyses  by  the  United  Stat 
partmeut  of  Agricnltun 

esDe- 

Purity 
coeffi- 
cient. 

Analyses  by  the  State  experi- 
ment stations. 

State. 

Num. 
her  of 
sam- 
pies. 

Aver- 

weight. 

Sugar 

in 
beet. 

Num. 
berof 
sam- 
ples. 

Aver- 
we®it. 

Sugar 

in 
beet. 

Purity 
coeffi- 
cient. 

1803 

1801 
1807 

Ounces. 

Perot, 
5.0 

66.7 

Ouneea. 

Pwct. 

■ 

2 

7 

51 
23 

7.7 
0.3 

66.9 
70.4 

167 



a8.1 

61.8 

0 

29 

0.0 

67.4 

167 

8.1 

61.8 

1891 
1802 
1807 

A  Aaninw 

2 

8 
2 

40 
12  1 
18 

6.4 
0.4 
11.3 

58.8 
64.7 
71.5 

Average 

7 

22 

..1 

65.0 

1884 
1888 
1880 
1800 
1801 
1802 
1803 
1804 
1805 
1806 
1807 

C!f|1ifnmiA 

71 

10 

13.7 

85.3 

5 

14 
18 

ii' 

17 

10.7 

12.1 

10.7 

M3.0 

614.0 

M5.0 
615.0 
bl4.0 

............. 

77  7 

4 
8 
4 

13 
48 
14 

14.7 
11.1 
14.7 

84.6 
75.8 
77.6 

73.0 

:::::::.::..:::: 

::::::;::::::::::::::::: 



1 

26 

16.8 

• 

Average 

88 

21 

13.6 

85.3 

37 

18 

11.2 

75.1 

1888 
1880 
1800 
1801 
1802 
1893 
1807 

Colorado 

1               1 

9.9 

10.2 

11.0 

•13.5 

•13.8 

:::::::j::::::::i:::::::: 

37 
73 
4 

16 

25* 

20 
51 

170 
18 

174 

20 
26 
18 
17 
20 

12.5 
13.1 
14.8 
13.2 
13.6 

70.1 
76.1 
81.7 
74.0 
76.7 

83.0 
79.3 
80.6 

12 

14.3 

70.7 

A^^rajfo     

442 

2 
5 

20 

13.0 

78.4 

142 

25 

11.5 

82  1 

1800 
1801 

Coiinecticnt.      .........   ... 

14 
27 

0.7 
10.8 

76.1 
77.3 

Average    . 

7 

23 

10.5 

77.0 

...     .  1 

1801 

1800 
1801 
1802 
1803 
1804 
1805 
1806 
1807 



Georgia 

2 

12 

11.1 

64.9 



Idaho 

1 
1 
2 
2 

4 
15 
34 
78 

8.0 
12.7 
14.7 
10.2 

68.3 
74.0 
79.1 
76.2 

192 

342 

60 

41 

13.7 
15.2 
14.2 
15.2 

76  I 

79  9 

77.3 

7 

21 

15.5 

79.4 

87.6 

Average 

13 

30 

13.8 

77.6 

635 

1      14.6 

80.2 

*  The  sign  *  indicates  that  the  number  given  is  0.05X  per  cent  of  sugar  reported  since  it  was  doubt- 
ful whether  the  per  cent  of  sugar  was  expressed  in  terms  of  the  weight  of  the  Juice  or  that  of  the  beet, 
though  nrobably  the  former. 

a  Ailaiyses  of  Klein wanslebener  only  nhow :  32  samples,  sugar  11.8,  purity  73.6. 

MTrom  report  made  on  the  total  crcp  by  the  Chino  vaUey  Beet  Sugar  Company. 
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Analyses  of  sugar  beeia  groum  in  variatis  States — CoDtinned. 


Analyses  by  the  United  States  De- 
partment of  Agriculture. 

Analyses  by  the  State  ezperi- 
ment  stations. 

State. 

Year. 

Num- 
ber of 
ftam- 
pies. 

Aver- 
weight. 

Sugar 

in 
beet. 

Purity 
coeffi- 
cient. 

72.1 
76.4 
75.2 
75.6 

Num- 
ber of 
sam- 
ples. 

Aver, 
weight. 

Sugar 
in 

beet. 

cient. 

Illinois 

1890 
1891 
1892 
1897 

8 
36 
59 
82 

Ounces. 
31 
82 
15 
17 

Perct 
10.3 
11.7 
10.9 
13.1 

Ounces. 

Peret. 

312 

20 

U.9 

76.4 

A  venure  -  

135 

21 

11.6 

75.4 

312 

20 

11.9 

76.4 

18S8 
1889 
1890 
1891 
1892 
1893 
1894 
1897 

Indiana 

5 
10 
26 

131 
95 
49 
84 

205 

f 

a20 
12 
12 
25 
18 

12.2 
11.9 
9.1 
12.0 
11.1 
11.8 
1L8 
12.0 

56 
77 
57 
4 

23 
27 
14 
10 

10.7 
11.6 
11.2 
10.7 

72.7 
76.9 
72.5 
73.1 

'"■'7i*8 
76.8 
79.3 
78.8 
80.7 

103 

14 

13.1 

7a  9 

Average  ......rrT 

297 

19 

11.9 

76.9 

605 

17 

11.7 

79  2 

1891 

1888 
1889 
1890 
1891 
1892 
1893 
1894 
1897 

Indian  Territory 

1 

27 

It  6 

76.9 

Iowa 

4 

12 
34 
503 
404 
563 
150 
642 

17 
84 
83 
16 
21 
19 
19 
19 

11.9 
9.9 
10.7 
12.1 
11.6 
11.9 
11.5 
12.4 

76  5 

64  9 

* 

30 

321 

30 

7 

22 
30 
24 
17 

11.8 
11.8 
10.9 
12.8 

74.5 
75.7 
76.2 
75.8 

71.4 
74.0 
72.9 
76.1 
74.9 
76.6 

130 

18 

13.3 

73.7 

Avemffe  ............. 

518 

26 

12.1 

76.2 

2,312 

19 

12.0 

75  0 

1889 
1890 
1891 
1892 
1893 
1897 

TTlMmim     ^^-^...r  t. ,,...,,  .rr.  ,  ^ 

7 
10 
163 
115 
22 
158 

3i' 

19 
21 
21 
17 

8.9 
7.9 
9.6 
10.2 
10.1 
U.9 

69  7 

22 
36 
22 

1 
41 

32 
33 
25 

27* 

8.3 
10.7 
11.1 
14.3 
11.4 

69.3 
68.2 
74.2 
72.8 
73.8 

"■■'76*6 
73.4 
71.8 
77.0 

Average 

122 

29 

10.6 

71.4 

601 

19 

10.4 

78.4 

1891 
1892 
1897 

Kentucky 

3 

4 
6 

34 
13 
16 

9.1 
8.9 
11.9 

63.7 
77.2 
71.6 

Average 

13 

19 

10.3 

72.2 

1893 

1890 
1891 
1897 

liOuisiana .............  .... 

8 

12 

15 
16 
19 

8.9 

12.2 
7.4 
11.4 

68.3 

79.8 
68.5 
79.1 

' 

Maryland 

83 
2 
29 

5 

10 

12.2 

79.7 

Average 

114 

16 

11.9 

79.1 

5 

10 

12.2 

79  7 

1889 
1890 
1891 

Mnflnachnaette 

10 
6 
6 

17* 

17 

12.2 
18.4 
13.4 

6 

16 

12.0 

82.8 

677.1 
78. 1 

Average 

6 

16 

12.0 

82.8 

22 

17 

12.8 

77.6 

1889 
1890 
1891 
1892 
1893 
1897 

Michigan    

6 

el9 

12.6 

30 
60 
71 
88 
450 

31 
32 
19 
15 
22 

12.0 
12.6 
14.1 
13.3 
14.7 

78.4 
78.0 
83.4 
82.1 
81.1 

229 

13.3 

86.2 

465 

27 

16.4 

84.0 

Average 

089 

22 

14.2 

81.1 

700 

27 

15.5 

84.7 

a  Average  weight  of  71  samples.  b  Purity  of  but  1 1 

e  Average  weight  of  2  samples. 


npla. 
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Analyses  of  sugar  beets  grown  in  various  States — Continued. 


Analyses  by  the  United  States  De- 
partment  of  Agriculture. 

Analyses  by  the  State 
ment  stations. 

Bzperi- 

SUte. 

Tear. 

Num. 
ber  of 

pies. 

Aver- 
we^ht. 

Sugar 

in 
beet. 

Purity 
coeffi- 
cient. 

Num. 

ber  of 
sam- 
ples. 

Aver- 

Sugar 

in 
beet. 

Purity 
coeffi- 
cient. 

Minnesota 

1890 
1801 
1892 
1803 
1897 

107 
41 
22 
7 
49 

Ounces. 
30 
29 
29 
60 
24 

Peret. 
11.8 
12.4 
12.2 
10.8 
11.0 

76.2 
75.7 
78.1 
70.8 
79.2 

65 
467 
180 

Ounc€$. 

"*'a23* 
17 

Peret. 
•12.3 
•18.0 
14.3 

76.5 

79.7 
85.5 

148 

17 

13.1 

81.8 

Avenkce        . 

226 

29 

11.7 

76.3 

845 

19 

13.2 

81.1 

1800 
1891 
1892 
1897 

Missouri 

2 

67 

13 

324 

21 
20 
33 
20 

8.4 
10.4 

8.1 
11.7 

66.7 
62.4 
63.4 
73.5 

6 
69 

17 
28 

13.4 
9.3 

67.3 

30i 

26 

10.6 

71.0 

Ayeran r . . 

400 

20 

11.4 

71.6 

368 

26 

10.4 

70.4 

1891 
1892 
1893 
1897 

Montana ..... r- 

35 
6 
2 

4 

25 
22 
15 
20 

13.2 
10.9 
14.3 
14.4 

76.8 
72.8 
75.0 

77.8 

70 

23 

14.7 

77.0 

Ji,irVnkt[9 r         ..» 

47 

24 

13.1 

76.3 

70 

23 

14.7 

77.0 

1888 
1889 
1890 
1891 
1892 
1893 
1895 
1897 

Nebraska 

0 
159 
462 
218 
98 
(c) 
637 
106 

46' 

17 

623 

17 

12.7 
10.3 
•12.3 
12.8 
9.8 
11.3 
12.1 
11.7 

64.5 

260 
62 
27 

8 

20 
35 
21 
17 

11.8 
11.7 
14.2 
10.] 

71.9 
76.3 
79.8 
60.7 

73.9 
77.9 
72.4 
77.0 
76.9 

13 

20 

12.9 

76.9 

75.0 

Average 

379 

23 

12.0 

73.1 

1,689 

22 

11.9 

73.7 

1891 
1892 
1893 
1894 
1895 
1896 
1897 

Nevada 

18 
81 

11 
13 

17.2 
15.9 

88.0 
83.4 

222 

221 

51 

25 
18 
20 

12.5 

14.8 
13.6 

76.9 

80.8 
80.8 

... 

176 

13.1 

d77.8 

21 

18 

18.3 

81.4 

10 

19 

18.9  1 

Average 

120 

14 

16.5 

83.7 

680 

21 

13.6 

78  7 

1891 

1891 
1893 
1897 

New  Hampshire 

1 

19 

11.6 

80.0 

New  Jersey 

1 

17 

7.3 

70.8 

8 

11.7 

76.2 

31 

16 

14.2 

81.4 

Average 

32 

16 

14.0 

81.1 

8 

11.7 

76  2 

1891 
1892 
1897 

Xew  Mexioo r.. 

17 

29 

3 

28 
19 
13 

13.8 
15.3 
17.2 

74.8 
83.2 
JB2.0 

3 
219 

26' 

•17.0 
13.2 

:::::::: 

Average 

49 

22 

14.9 

80.2 

222 

26 

13.3 



*  The  sign  *  indicates  that  the  number  given  is  0.95X  per  cent  of  sugar  reported  since  it  w.i.<)  doubt- 
ful whether  the  per  cent  of  sugar  was  expressed  in  terms  of  the  weight  of  the  Juice  or  that  of  the  beet, 
though  probabl;{r  the  former. 

a  Average  weight  of  229  samples. 

b  Average  weight  of  88  samples. 

c  Analyses  reported  by  the  Standard  Cattle  Company. 

tf  Avwagoa  for  1883  to  1890,  inclusive. . 
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Analgses  ofsvgar  heeia  grown  in  various  States — CoDtinned. 


Analyses  by  the  United  States  De- 
partment of  Agricultnre. 

Analyses  by  the  State  experi- 
ment stations. 

State. 

Year. 

Num- 
ber of 
sam- 
ples. 

Aver- 
age 
weight. 

Sng„ 
beet. 

Purity 
coeffi- 
cient. 

Nnm- 
berof 
sam- 
ples. 

Aver- 
welfht. 

Sogar 
beet. 

Purity 
coeffi- 
cient. 

New  York 

1889 
1890 
1891 
1892 
1893 
1897 

Ouneet. 

Peret. 

6 

Ouneet. 

Peret. 
9.0 

10 

4 
8 

15 
32 
22 

12.1 
11.6 
15.4 

78.0 
76.8 
85.0 

29 
562 

38 
a  16 

12.0 
15.0 

225 

21 

15.0 

82.4 

83.2 

Ayerage ^x 

247 

21 

14.8 

82.2 

501 

20 

15.-7 

83  2 

1892 
1893 
1897 

"North  Carolina 

4 

4 

9.0 
4.1 
9.1 

73.4 
52.1 
75.3 

7 

23 

Average 

11 

16 

9.1 

74.6 

1890 
1891 
1892 
1893 
1897 

Korth  Dakota 

24 
11 
11 
2 

4 

25 
23 
24 
27 
28 

13.4 
11.8 
12.9 
14.0 
10.5 

71.2 
73.2 
76.5 
80.7 
81.2 

9 
120 

»' 

13.8 
10.9 

73.0 

' 

62 

25 

12.8 

73.9 

138 

20 

11.1 

73.0 

1890 
1891 
1892 
1897 

Ohio 

15 
66 
102 
68 

26 
31 
17 
22 

9.8 
11.3 
14.2 
13.8 

76.0 
73.5 
80.2 
79.1 

24 

0.8 

554 

31 

13.3 

78.7 

Average 

251 

23 

13.1 

77.9 

678 

31 

13.2 

78.7 

1891 
1897 

Oklahoma 

1 
1 

48 
10 

6.4 
11.8 

53.3 
72.5 

21 

11.4 

65.3 

Average 

2 

20 

0.1 

62.9 

21 

11.4 

65.3 

1890 
1891 
1892 
1893 
1894 
1895 
1896 

Oregon 

2 
35 
12 

20 
34 
19 

15.1 
12.7 
14.2 

73.4 
81.1 
80.2 

37 
08 
65 

e»26 

22 
27 

11.2 
12.0 
14.4 

78.4 
82.7 

23 

14.3 

e89.8 

, 

Average 

49 

30 

13.2 

80.6 

223 

24 

13.1 

81.3 

1890 
1891 
1892 
1893 
1897 

Pennsylvania 

10 
7 

8 

1 

69 

27 
22 
13 

is" 

8.0 
13.3 
10.8 
11.0 
13.8 

73.8 
78.7 
75.8 
78.9 
79.5 

Average 

85 

19 

12.8 

78.4 

1897 

1892 
1893 
1894 
1897 

Rhode  Island 

2 

21 

11.9 

74.2 

South  Carolina 

1 

3 
15 

71 

10 
15 
23 

5.8 
4.0 
5.0 

54.7 

1 

13 

17 

9.0 

79.9 

' 

Average 

13 

17 

9.9 

79.9 

89 

22 

5.7 

54.7 

a  Average  weight  of  137  samples.  b  Average  weight  of  2  samples. 

c  Averages  for  1893  to  1896,  inclusive. 
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Analyses  of  sugar  beets  grown  in  various  States — Continued. 


Analyses  by  the  United  States  De- 
partment of  Agricnltare. 

Analyses  by  the  State  experi- 
ment stations. 

State. 

Year. 

Nam- 
berof 
sam- 
ples. 

Aver- 
weight. 

Sngar 

in 
beet. 

Purity 
coeffi- 
cient. 

Num- 
ber of 
sam- 
ples. 

Aver- 
we^^t. 

Sugar 

in 
beet. 

Parity 
coeffi- 
cient. 

Sonth  Dakota              

1889 
1890 
1891 
1892 
1897 

Ounces. 

Pmr  ct.  1 

17 

58 

1,264 

680 

337 

Ounce*, 

25' 

19 
14 

Perci. 
9.1 
14.2 
11.9 
14.2 
15.5 

21 

202 

67 

5 

20 
22 
20 
17 

13.1 
12.5 
13.1 
15.1 

78.6 
75.3 
75.5 
83.2 

74.7 
73.3 
80.7 
85.6 

A  vflTUffe      - ...... 

295 

21 

12.7 

75.7 

2,356 

22 

13.1 

77  3 

1891 
1892 
1894 
1897 

Tennessee 

5 
1 

20 
10 

8,8 
9.4 

65.8 
72.4 

22 

8 

22 
4 

9.5 
12.0 

75  1 

17 

11 

10.8 

71.9 

Average 

23 

.13 

10.3 

70.6 

30 

17 

in  9 

75.1 

1890 
1891 
1897 

Texas  .........rr--., 

2 

lU 
11 

38 
23 
22 

10.0 
10.3 
12.6 

69.3 
69.1 
76.5 

14 

34 

8.0 

66.3 

Average 

23 

24 

11.4 

72.7 

14 

34  1        8.0 

56  3 

1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 

XJtah 

21 
43 

'      15.3 

oll.O 

27       -12.5 

rtllB 

86  1 

80  0 

82  2 

1 

79.6 

012.7 
al3.5 
al3.9 

80.2 

81.5 

81.8 

35 

20 

14.3 

81.1 

Average x.,. 

35 

20 

14.3 

81.1 

64 

27 

18.4 

83  5 

1897 

1890 
1891 
1892 
1893 
1897 

8 

22 

14.2 

84.1 

32 

17 

16.3 

81.2 

Virginia 

20 
72 
13 
14 
34 

15 
21 
12 
16 
21 

10.8 
11.1 
12.0 
13.3 
11.6 

74.0 
70. 0 
79.6 
83.9 
76.2 

5 

621 

11.6  I 

Average 

153 

19 

11.4 

76.8 

5 

21 

11.6 

1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 

Washington 

1 

11 
31 
183 

16 
18 
18 
28 

15.2 
14.5 
14.5 
12.3 

84.2 

83.9 
76.8 
74.0 

"i,'666 
521 
211 
60 

25 

17 

6 

23 

*13.5 
16.2 
13.4 
13.6 

82.6 

87.9 

80  9 

34 

27 

13.7 

80.7 

75.7 

Average 

260 

26 

12.8 

75.7 

2,  458 

22 

14.1 

83  4 

1892 
1897 

West  Virginia 

12 
14 

14 
19 

11.3 
15.4 

68.5 
80.4 

A  verage 

26 

17 

13.5 

74.9  1 

■ 

... 



*  The  sign  ♦  indicates  that  the  nnrabcr  given  is  0.95  X  per  cent  of  sugar  reporte<i  8ince  it  was  doubt- 
fnl  whether  the  per  cent  of  sugar  was  expressed  in  terms  of  the  weight  of  the  Juice  or  that  of  the  beet, 
thoogh  probably  the  former. 

a  iMport  made  on  total  crop  by  Utah  Sugar  Company,  1891-1896. 

6  Average  weight  (net)  estimated  from  average  gross  weight. 
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Analyses  of  sugar  heels  grown  in  various  States — Continued. 


Analyses  by  the  United  States  Do- 
partment  of  Agriculture. 

Analyses  by  the  SUt«  experi- 
meat  stations. 

State. 

Ye»r 

Num- 
ber of 
sam- 
ples. 

Aver- 
weight. 

Sugar 

in 
beet. 

Purity 
coeffl- 
oient. 

Num- 
ber of 
sam- 
pler. 

Aver- 
wei|ht. 

Sugar 

in 
Deet. 

Purity 
coeffi- 
cient. 

Wiaconain 

1890 
1891 
1892 
1,897 

10 

432 

21 

42 

Ouness. 
21 
26 
22 
15 

Peret. 
12.8 
11.1 
12.7 
15.8 

81.3 
75.8 
77.8 
83.3 

94 

373 

61 

1,663 

Ouncet. 
35 
32 
26 

Peret. 
11.7 
11.9 
15.2 
12.1 

76.8 

76.3 
81.6 
74.1 

A.V6mff4 ....... 

505 

25 

11.4 

76.6 

2,191 

32 

12.1 

74.7 

1890 
1891 
1892 
1893 
1897 

W^yominiF  -- 

5 
18 

6 
48 
34 

26 
12 
8 
19 
19 

15.1 
13.6 
15.2 
15.9 
17.2 

78.8 
78.1 
85.2 
80.5 
82.3 

55 

71 
83 

11 
14 

15.4 
15.9 
16.2 

77.8 
78.7 
80.9 

111 

18 

15.8 

80.8 

159 

13 

15.8 

78.8 

NOTES  ON  PRECEDING  TABLE. 

lu  a  few  instances  analyses  reported  to  the  stations  by  sngar  compa- 
nies or  organizations  designed  for  the  promotion  of  the  sugar  industry 
have  been  included.  It  is  noticeable  that  in  many  States  but  few 
analyses  have  been  made.  In  view  of  this  fact,  it  is  well  to  be  cautious 
in  accepting  the  results  of  these  few  analyses  as  being  representative 
of  the  beets  grown  in  the  State. 

The  reports  from  the  State  of  California  are  especially  incomplete. 
Most  of  the  analyses  reported  are  from  data  obtained  in  the  laboratory 
of  the  Chino  Valley  Beet  Sugar  Company.  In  view  of  the  fact  that  Cali- 
fornia has  several  very  large  and  very  successful  factories,  we  do  not 
regard  the  data  included  here  of  great  value  in  judging  of  the  State 
as  a  producer  of  high-grade  sugar  beets.  We  have  data  of  factory 
averages  obtained  in  California  representing  in  some  cases  more  than 
100,000  tons  of  beets,  showing  that  the  State  produces  beets  of  very 
high  sugar  content.  Factory  averages  have  been  reported  this  year 
higher  than  15  per  cent  of  sugar  in  the  beets.  It  will  be  noticed  that 
in  most  instances  the  results  obtained  by  the  Department  of  Agri- 
culture corroborate  those  obtained  in  the  stations. 

A  notable  exception  to  this  is  in  the  tabulation  of  the  results  obtained 
with  beets  grown  in  the  State  of  Washington.  The  Department  of 
Agriculture,  however,  has  only  made  about  one  tenth  as  many  analyses 
of  Washington  beets  as  the  station.  The  average  of  the  results  of 
the  large  number  of  Washington  beets  analyzed  shows  that  this  State 
is  destined  to  be  a  large  producer  of  sugar. 

In  many  cases  the  averages  are  based  on  very  incomplete  data,  and 
therefore  must  not  be  considered  strictly  representative  of  all  the  results 
included.  In  figuring  the  general  averages  each  annual  average  is 
weighted  in  proportion  to  the  number  of  samples  it  represents. 
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INVESTiaATIONS  IN  SEED  PRODUCTION. 

The  second  line  of  experiments  carried  on  by  the  Department  of 
Agriculture  during  the  season  of  1897  was  devoted  especially  to  the 
culture  of  high-grade  beets  in  cooperation  with  a  few  of  the  agricul- 
tural experiment  stations.  The  localities  selected  for  the  experiments 
were  such  as  would  represent  as  wide  a  range  as  possible  of  climatic 
conditions,  and  be  compatible  with  the  time  at  the  disposal  of  the 
Chemist  of  the  Department  for  doing  the  work,  and  with  the  quantity 
of  high-grade  seeds  on  hand.  It  was  not  deemed  advisable  to  go  into 
the  arid  regions  with  these  experiments,  because  it  was  not  possible, 
in  the  short  time  at  our  disposal,  to  make  proper  preparations  for  tbe 
conduct  of  our  work.  Under  authority  of  tbe  Secretary  of  Agriculture 
the  Chemist  of  the  Department  made  arrangements  with  tbe  following 
experiment  stations  to  conduct  the  work  under  as  nearly  as  possible 
identical  conditions,  except  those  pertaining  to  climate: 

Tbe  agricnitural  experiment  station  of  New  York,  at  Geneva. 
The  agricnitural  experiment  station  of  Indiana,  at  Lafayette. 
The  agricultural  experiment  station  of  Wisconsin,  at  Madison. 
The  agricultural  experiment  station  of  Iowa,  at  Ames. 
The  agricnitural  experiment  station  of  Kentucky,  at  Lexington. 
The  agricultural  experiment  station  of  Tennessee,  at  Knoxville. 

In  order  that  the  experiments  might  be  conducted  on  plots  of  equal 
area,  each  director  of  the  stations  mentioned  above  was  furnished  with 
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Fio.  2— Plot  for  guidance  in  planting  sugar  beets. 

a  diagram  showing  the  manner  in  whicb  it  was  thought  most  advisable 
to  plant  tbe  different  varieties  of  seeds.  Tbe  diagram  shown  in  figure 
2  was  accompanied  by  the  following  di-scriptive  letter: 

United  States  Department  of  Agriculture, 

Division  of  Chemistry, 
WaahinytoM,  D.  C,  JpHl  es,  1897, 
Dear  Sir:  For  the  sake  of  having  complete  uniformity  in  the  comparative  tests  of 
high-grade  beet  seeds,  I  send  herewith  a  diagram  for  the  i>urpose  of  guiding  you  in 
tbe  preparation  of  the  plots  and  in  the  planting  of  t  he  Heed.  The  object  of  this  dia- 
gram is  to  secure  the  planting  of  the  high-grade  Het-d  iu  the  interior  smaller  plots  AR 
each  one  of  which  has  almost  exactly  the  area  of  500  square  feet.    If  preferred  the 
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size  of  the  interior  plots  may  be  varied  so  as  to  make  each  of  them  exactly  one  one- 
hundredth  of  an  acre^  namely,  435.6  square  feet.  I  think  it  would  be  better,  however, 
to  keep  the  Interior  plots  AB  each  500  square  feet,  as  they  fit  the  rows  as  indicated  by 
the  horizontal  line,  allowing  exactly  14  rows  in  the  plots,  of  a  total  length,  including 
both  interior  plots,  of  about  47.6  feet.  The  interior  plots  AB  are  surrounded  by  a 
border  CCCC,  which  is  to  be  planted  with  the  high-grade  commercial  seeds  which  1 
shall  send  you.  The  end  plots  DD  are  to  be  planted  with  the  same  kind  of  high-grade 
commercial  seeds  as  CCCC,  but  these  end  plots  are  not  necessary  to  the  success  of 
the  experiments.  The  object  of  the  border  CCCC  is  to  surround  the  high-grade 
seeds  AA  with  beets  grown  under  the  same  conditions,  so  that  the  exterior  rows  of 
the  plots  AA  may  be  subjected  to  the  normal  conditions  of  beet  growth,  which 
would  not  be  the  case  if  such  small  plots  were  left  unprotected.  The  scale  of  these 
plots  is  1  inch=12  feet.  I  think  it  is  important  that  the  soil  of  the  plots  be 
prepared  iii  accordance  with  the  directions  contained  in  Bulletin  No.  52,  a  copy  of 
which  I  transmit  herewith.  The  plowing  and  subsoiling  should  loosen  the  ground 
to  a  depth  of  not  less  than  16,  and,  better,  to  a  depth  of  18  inches,  and  the  surface 
of  the  soil,  after  plowing  and  subsoiling,  should  be  reduced  to  perfect  tilth. 

I  am  now  awaiting  the  remainder  of  the  high-grade  seeds,  which  I  expect  in  a  few 
days.  There  will  be  two  varieties  of  the  high-grade  seeds,  one  to  be  pbmted  in  Plot 
A  and  the  other  in  Plot  B.  All  the  seeds  sent  you  will  be  plainly  marked,  so  that  no 
mistake  can  be  made.  The  quantity  of  seed  required  for  plots  A  and  B  will  be  about 
5  ounces.  I  think  it  best  that  the  interior  plots  A  and  I^  at  least  should  be  planted 
by  hand.  The  number  of  seeds  in  the  5  ounces  being  known,  they  should  be  planted 
in  groups  at  intervals  of  9  inches ;  that  is,  in  such  a  way  as  to  secure  one  good,  vig- 
orous plant  at  about  every  9  inches  in  the  row  after  thinning.  Five  ounces  of  seed 
will  contain  approximately  5,000  seeds,  and  in  the  two  plots  A  and  B  there  will  be  888 
hills,  which  gives  approximately  nearly  6  seeds  to  a  hill.  In  this  case  the  planting 
would  be  accomplished  as  follows:  Six  seeds  placed  in  the  row  at  distances  of  1  inch 
apart  followed  by  an  interval  of  3  inches,  then  again  6  seeds  at  intervals  of  1  inch, 
and  so  on.    This  grouping  is  shown  in  the  following  line: 

9  in.  9  in. 


Of  course  the  spacing  will  vary  according  to  the  number  of  seeds  to  be  planted. 
If  there  be  anything  in  connection  with  the  diagram  that  you  do  not  understand 
please  let  me  know. 

Respectfully,  H.  W.  Wiley,  Chief  of  Diviaion. 

The  high-grade  seeds  furnished  for  planting  the  above  plots  were 
as  follows: 

(1)  The  Vilmorin  Improved,  grown  at  the  experiment  station  of  the 
United  States  Department  of  Agriculture  at  Schuyler,  Nebr.,  in  1893. 
This  station  was  abolished  in  the  autumn  of  that  year  by  Secretary 
Morton,  and  the  principal  part  of  all  the  high-grade  seeds  on  hand 
was  sold  to  the  Oxnard  Beet  Sugar  Company,  of  Grand  Island,  Nebr. 
A  small  portion  of  each  variety  was  retained,  however,  in  the  hope 
that  at  some  day  the  experiments  might  be  reestablished.  When  sub- 
jected to  a  germination  test,  however,  of  all  the  varieties  which  had 
been  preserved,  only  the  Vilmorin  Improved  showed  unimpaired  vitality. 
All  the  other  varieties  grown  at  Schuyler  showed  a  vitality  too  low  to 
warrant  planting. 

(2)  Original  Klein wanzlebener,  grown  by  Kiihn  &  Co.,  Kaarden,  near 
Amsterdam,  Holland.  These  seeds  were  from  specially  analyzed 
mothers,  showing  the  very  highest  qualities  for  seed  production. 
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(3)  High-grade  commercial  seed,  grown  by  F.  Demesmay,  Cysoing, 
France.  These  seeds  were  not  grown  from  specially  analyzed  mothers, 
bnt  represented  the  high-grade  commercial  seeds  produced  at  that 
place. 

These  three  varieties  were  furnished  for  planting  in  Section  B. 
There  were  also  sent  at  the  same  time  some  of  tbe  high-grade  commer- 
cial Kleinwanzlebener  and  Vilmorin's  La  Plus  Riche  for  planting  sec- 
tions GGGO  and  DD,  as  indicated  in  the  diagram.  These  seeds  were 
sent  to  the  various  stations  specified  above  on  the  24th  of  April,  1897. 
The  high-grade  seeds  which  were  to  be  used  in  planting  Section  A 
had  not  yet  been  received,  and  were  not  forwarded  at  that  time. 

The  seeds  ordered  from  Europe  did  not  arrive  until  May  15,  and  were 
sent  at  once  to  the  several  stations  on  that  day.  In  addition,  seeds 
were  received  from  August  Rolker  &  Sons, representing  Dippe  Brothers, 
at  Kew  York,  and  from  Martin  Grashoff,  of  Quedlinburg.  These  seeds 
were  also  sent  for  planting  the  margins  of  the  plot  indicated  above. 

In  the  general  instructions  given  to  the  directors  of  the  stations  it 
will  be  noticed  that  all  the  details  of  the  work  were  left  to  be  decided 
by  them  at  the  proper  time,  as  any  directions  for  time  of  planting, 
etc.,  would  be  but  futile.  Each  one  of  the  directors  undertook  to  do  the 
work  strictly  in  accordance  with  the  instructions  provided  in  so  far 
as  the  preparation  of  the  land,  planting,  cultivation,  and  harvesting  of 
the  samples  were  concerned.  The  Ghemist  of  the  Department  visited 
three  of  the  stations  during  the  season  and  conferred  personally  with 
the  directors  in  regard  to  the  progress  of  their  work.  The  other  direc- 
tors were  communicated  with  only  by  letter. 

In  the  analytical  work  samples  were  selected  according  to  instruc- 
tions and  sent  to  the  Department  of  Agriculture,  and  others  were  ana- 
lyzed in  the  laboratories  of  the  collaborating  experiment  stations. 

On  May  C,  the  high-grade  seeds  not  yet  having  arrived  from  Europe, 
I  sent  to  each  of  the  stations  for  planting  Section  A  some  high-grade 
seeds  grown  by  Martin  Grashoff,  of  Quedlinburg,  obtained  from  Mr. 
Jellinek,  an  agent  of  the  grower  in  this  country.  I  suggested  that 
Section  A  be  planted  with  this  seed,  and  then  if  the  other  seed  expected 
from  Germany  came  in  time  the  plants  could  be  dug  out  and  the  section 
replanted.  The  name  of  the  seeds  sent  for  planting  Section  A  was 
White  Improved  Imperial  Elite,  which  were  produced  by  a  cross  of 
another  variety  with  the  Kleinwanzlebener.  Directions  for  planting 
the  seeds  according  to  the  plot  were  furnished  each  director. 

The  additional  quantity  of  high-grade  sugar-beet  seed  ordered  from 
Dippe  Brothers,  Quedlinburg,  Germany,  was  rexjeived  and  distributed 
to  the  stations  on  the  17th  of  May.  In  most  cases  the  beets  in  Section 
A  which  were  previously  planted  were  not  dug  out,  but  the  new  seeds 
were  planted  in  other  localities. 

The  conditions  of  growth  varied  greatly  in  the  diflferent  localities 
during  the  season.  At  the  New  York  station  the  spring  was  backward 
and  cold,  and  the  planting  and  first  development  of  the  beets  were 
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delayed.  The  subseqaent  conditions  were  favorable  to  good  growth. 
The  beets  received  no  backset,  and  reached  a  fair  maturity  by  the  1st 
of  October.  The  aatumn  was  mild  and  cool,  and  dry  enongh  to  pre- 
vent second  growth,  so  that  the  beets  could  b^  left  in  the  ground  with 
I)erfect  security  until  late  in  November. 

At  the  Indiana  station  less  favorable  conditions  obtained.  A  poor 
stand  of  the  beets  was  secured  in  many  instances  where  a  perfect 
stand  was  secured  at  the  New  York  station.  The  early  leaves  were 
badly  eaten  by  an  insect,  and  this  preventeil  the  early  rapid  develop- 
ment of  the  plant.  Subsequently  a  period  of  extreme  drought  set  in, 
lasting  for  nearly  two  months — during  July  and  August.  The  result 
of  all  these  unfavorable  conditions  was  practically  a  complete  failure  of 
the  crop,  so  that  even  in  the  case  of  the  beets  which  were  secured  there 
were  evidences  of  arrested  development.  The  general  result  of  the 
experiment  was  exceedingly  discouraging. 

At  the  Wisconsin  station  the  field  which  was  selected  for  the  growth 
of  the  beets  was  not  particularly  well  suited  to  the  purpose.  It  bad  not 
been  under  previous  cultivation  for  many  years,  and  a  ])ortion  of  it,  as 
is  seen  in  the  report  of  the  director,  suffered  severely  from  various 
causes.  The  special  plots  which  were  cultivated  in  the  high-grade 
seeds  gave  fairly  good  results,  as  will  be  seen  farther  on,  and  the  beets 
produced  were  of  good  size,  fair  shape,  and  tine  quality. 

At  the  Iowa  station  fairly  good  seasonal  conditions  prevailed,  and 
the  character  of  the  beets  produced  on  the  specially  prepared  plots  was 
satisfactory. 

At  the  Kentucky  station  the  beets  obtained  a  good  start,  and  grew 
well  for  the  greater  part  of  the  season.  They  were  slightly  retarded  by 
dry  weather  at  one  period  of  their  growth,  but  on  the  whole  reached  a 
fair  stage  of  maturity  without  untoward  accidents.  The  beets  which 
were  harvested  in  September  and  October  showed  a  higher  content  of 
sugar  than  those  that  were  left  later  in  the  ground,  and  this  is  probably 
due  to  the  second  growth,  which  was  produced  by  the  warm  climate  of 
that  locality.  The  sugar  content  was  exceedingly  low,  and  the  data 
secured  from  the  station  show  conclusively  that  Kentucky  is  not  in  the 
list  of  possibilities  as  a  sugar-producing  State  in  so  far  as  beets  are 
concerned. 

The  data  from  Tennessee  are  extremely  meager,  and  no  definite  con- 
clusions can  be  drawn  from  those  at  hand. 

In  the  study  of  the  data  received,  it  will  be  convenient  to  begi 
with  the  most  southern  station,  namely,  Tennessee,  and  then  contmi: 
with  the  Kentucky,  Indiana,  Iowa,  Wisconsin,  and  New  York  stati  n 
in  the  order  named. 

Texnessf:b. 

The  results  obtained  at  the  Tennessee  station  were  extremely  unsatis 
factory.  On  account  of  the  poor  quality  of  the  beets,  only  one  sample 
was  sent  for  analysis,  which  was  harvested  on  the  25th  of  September. 
These  beets  were  so  small  as  to  hardly  deserve  the  name,  and  no  attempt 
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was  made  to  determine  the  purity  of  the  juice.  It  is  evident,  from  an 
inspection  of  the  table  which  follows,  that  there  was  nothing  in  the 
result  of  the  experiment  to  justify  a  further  examination  of  the  beets 
produced. 

The  cause  of  failure  in  Tennessee  has  been  reported  by  the  secretary 
of  the  station  in  the  letter  given  below,  and  therefore  no  further  expla- 
nation need  be  made  here  of  the  failure  to  attain  even  fairly  satisfactory 

results. 

The  Agricultural  Experiment  Station 

OP  THE  University  of  Tennrssbb^ 

Knoxville,  February  15,  1897. 
Dear  Sir:  A  reference  to  plat  sent  you  May  26,  1897,  wiU  explain  the  following: 
Sugar  beets  grown  from  seed  sown  May  19,  20,  1897,  were  lifted  when  properly 
ripe,  tops  removed  and  put  into  separate  piles  on  the  ground  close  by,  and  covered 
with  earth.  In  this  condition  the  various  lots  remained  until  taken  up  to  be 
weighed  on  13th  of  this  month.  Roots  found  in  good  order,  and  are  now  being  fed 
to  our  cows.    The  weights  of  the  several  lots  were  as  follows : 


FlAt. 

Variety  and  from  whence  received. 

Are.. 

Weight. 

SnbdiviBioD  N 

Yilmorin's  Improved  Wbite,  from  P.  Henderson  &  Co., 
New  York. 

EleinwauElebener  Elite,  Dippe  Brothers,  ft-om  Depart- 
ment. 

Vilmorin's,  la  plus  rich,  from  Department    

589 

1.568 
1,042 

448 

64 

96 

288 

224 

Poundt. 
175 

SabdiTiaion  J 

54 

Subdivision  D 

280 

Sabdi vision  C 

High  grade  Klein wanzlebener,  from  Department 

Memte  Ober  Wurst,  Quedlinburg,  Dippe  Brothers,  from 

Department. 
Original  Klein wauzelebener  (Holland),  fh>m  Department . 
Vilmorin's  Improved  ( Schuyler, Nebr.),  from  Department. 
Demesmay,  from  Department 

S60 

Subdivision  A 

64  5 

SubdiTtoion  B  <2row8) . 
Subdivision  B  (3  rows) . 
Subdivision  B  (9 rows). 

16.6 

12 

56 

Subdivision  £(trian. 
gle). 

White  Improved  Imperial  Elite  (Grashofl),  from  De- 
partment. 

124.5 

5,796 

1,115.5 

8,715  pounds  per  acre. 

A  miserably  poor  yield. — Soil  prepared  in  best  manner;  germination  good;  when 
first  leaves  were  formed  an  excellent  stand.  A  few  days  after  an  incursion  of  flea 
beetles  destroyed  almost  every  plant  in  an  irregular  strip  across  the  whole  plat;  this 
was  done  between  the  hours  of  11  a.  m.  and  3  p.  m.,  in  one  day.  Cultivation  was 
well  and  thoroughly  done,  but  the  planting  was  much  too  late.  A  plat  of  Vilmorin's 
Improved  White  grown  near  the  farm  building,  tlie  seed  for  which  was  planted  April 
1,  gave  us  a  very  heavy  yield.  These  were  planted  for  table  use  and  for  stock  feed;  • 
ingy  and  were  purposely  grown  to  make  feed  stuff;  not  for  sugar. 
Very  respectfully,  yours, 

Chas.  F.  Vanderford, 

Secretary. 
Dr.  H.  W.  WiLKY, 

Chief  Division  of  Chemistry,  U.  S.  Department  of  Agriculture, 

Washinyton,  D.  C. 

The  details  of  the  analytical  data  are  found  in  the  accompanying 
table  of  data. 

Kentucky. 

Special  care  was  taken  by  the  director  of  the  station  at  Lexington  to 
secure  satisfactory  results.    During  the  early  part  of  the  season  the 
beets  grew  exceptionally  well  and  presented  a  fine  appearance.    The 
H.  Doc.  396 10 
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qua'ntity  produced  was  fairly  good,  altboagh  the  beets  were  some- 
what  irregular  in  size,  some  of  them  being  quite  large  and  others 
quite  small.  The  sugar  content  of  the  beets  and  the  purity  of  the  juice 
were  both  extremely  low.  The  first  series  of  samples  was  analyzed  on 
the  28*:h  of  September,  and  a  second  set  of  samples  from  two  of  the 
varieties  was  analyzed  at  a  later  date.  The  original  Klein wanzlebener 
(Holland)  peed  was  represented  by  thirty-seven  beets  in  this  second 
sample,  the  average  size  of  which  was  small  and  the  sugar  content 
medium.  The  White  Improved  Imperial  Elite  was  represented  in 
the  second  sample  by  fi>rty-eight  beets,  also  extremely  small,  and 
with  a  low  content  of  sugar.  The  final  harvest  of  the  beets  resulted 
in  securing  three  barrels  of  beets  of  fine  size  and  shape,  but  when  these 
beets  were  perforated  for  analysis  it  was  found  that  the  content  of 
sugar  was  low,  falling,  in  some  cases,  as  low  as  2  per  cent.  The 
sugar  content  in  general  was  so  small  that  it  was  not  deemed  worth 
while  to  report  it,  as  the  beets  were  utterly  worthless  for  seed  pro- 
duction. The  depressing  influence  of  climate  on  the  character  of  the 
beets  is  illustrated  in  a  most  striking  manner  by  a  comparison  of  the 
results  obtained  from  beets  grown  in  Kentucky  and  in  Geneva,  N.  Y., 
from  the  same  seeds,  and  under  as  nearly  as  possible  identical  conditions 
of  culture. 

Indiana. 

The  unfortunate  seasonal  conditions  which  obtained  at  the  experi- 
ment station  at  Lafayette  have  already  been  mentioned.  The  result  of 
the  prolonged  drought  during  the  growing  season  was  a  diminution 
of  the  weight  of  the  beets  to  such  an  extent  that  for  practical  purposes 
they  were  useless.  For  this  reason  the  data  obtained  are  of  little 
value.  On  account  of  the  inferior  character  of  the  beets,  no  attempt 
was  made  to  select  any  of  them  for  mothers  for  t  he  subsequent  produc- 
tion of  seed.  The  analytical  data  connected  with  the  special  plot  work 
in  Indiana  are  found  in  the  tables  following. 

Iowa. 

Only  one  set  of  sampler  T^as  received  from  the  plots  grown  in  Iowa, 
the  sample  of  the  Demesmay  having  been  harvested  on  the  25th  of 
September  and  all  the  other  samples  on  the  13th  of  November.  The 
average  size  of  the  beets  received  was  small,  the  percentage  of  sugar 
only  fair,  and  the  purity  not  up  to  the  minimum  standard.  The 
seasonal  influences  at  Ames  were  therefore  evidently  inferior  in  sugar- 
producing  qualities  to  those  which  obtained  in  New  York.  The  final 
harvest  of  beets  was  not  forwarded  to  the  Department  for  the  pur|)08e 
of  selecting  mothers  by  reason  of  a  misunderstanding  whereby  the 
different  varieties  were  mixed  in  such  a  way  that  the  separation  of 
them  was  impracticable.    A  general  statement  in  regard  to  the  special 
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plot  work  done  at  Ames  is  contaiued  in  the  following  letter  from 
Director  Curtiss: 

Ames,  Iowa,  January  S6y  1898, 
Dear  Sir:  Replying  to  your  inqairy  oonceming  the  test  of  high  grade  sugar-boet 
seed  furnished  by  your  Department,  will  say  that  we  have  forwarded  you  two  sam- 
ples of  the  Vilmorin's  Elite  from  the  plats  grown  according  to  your  instructions,  and 
have  lately  had  your  report  of  the  last  sample.  The  beets  from  these  plats  were 
analyzed  by  Dr.  Weems.  of  our  chemistry  section,  with  the  following  results: 


Variety. 

Sugar. 

Purity 
coefficient 

Vilmorin's  tillte 

Percent. 
16.07 
14.30 
13.31 
16.91 

fti.30 

Domefun^ » 

78.38 

Improved  Imperial  £lite 

76. 14 

iClAiqwsiiislebener -  -  - » 

90.76 

These  samples  and  the  one  forwarded  to  you  gave  substantially  the  same  results 
and  were  harvested  November  11.  The  first  sample  sent  you  was  taken  earlier  and 
was  probably  immature.  The  past  season  was  quite  backward  here,  and  the  beet 
crop  correspondingly  late  in  maturing.  Owing  to  a  change  in  our  field-experiment 
department  during  the  past  year,  the  beets  from  tliuse  ]>lat8  were,  through  a  misun- 
derstanding, thrown  together  instead  of  being  kept  separate  after  the  analyses 
were  made,  and  we  will  not  be  able  to  distinguish  between  varieties  in  testing  these 
beets  and  carrying  on  future  work  along  this  line.  We  very  much  regret  that 
this  mistake  has  occurred,  as  we  would  like  to  continue  the  work  of  developing 
high-grade  beets  for  seed  jiroduction.  We  will  be  glad  to  cooperate  with  you  again 
during  the  coming  season  if  you  can  fnrnish  us  more  seed. 
Very  truly,  yours, 

C.  F.  Curtiss. 

Dr.  H.  W.  Wiley, 

WashingUm,  D.  C. 

The  analytical  data  derived  from  the  analyses  of  beets  sent  from  the 
Iowa  station  to  this  laboratory  are  of  little  value.  Only  one  set  of  sam- 
ples was  received,  namely,  of  the  Demesmay  variety,  harvested  on  the 
25th  of  September,  and  of  the  three  varieties  harvested  on  the  13th 
of  November.  With  the  exception  of  the  Vilmorin  l^lite,  which  was 
received  on  the  22d  of  >ovember,  the  analytical  data  are  not  satisfac- 
tory. In  the  case  of  the  variety  just  mentioned  the  sugar  content  and 
the  purity  were  satisftictory,  but  the  beets  were  very  much  under  size.  ^ 
It  is  evident  that  the  data  obtained  in  the  past  season  do  not  fairly 
represent  the  capabilities  of  Iowa,  either  for  the  production  of  good 
commercial  beets  or  for  the  growth  of  beets  for  seed-producing  pur- 
poses. The  analytical  data  obtained  on  analysis  of  the  samples  received 
at  the  Department  are  found  in  the  table  given  farther  on. 

Wisconsin. 

Complete  details  of  experiments  with  high-grade  beet  seeds,  grown 
under  the  auspices  of  the  Department  of  Agriculture^  are  found  in  the 
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Wisconsin  report,  contained  in  Bulletin  Ko.  64  of  that  station.    These 
details  are  so  valuable  as  to  warrant  their  reproduction  in  full: 

EXPERIMENTS  WITH  HIGH-GRADE  SUGAR-BEET  SEED. 

These  experiments  were,  as  already  stated,  condacted  under  the  auspices  of  the 
United  States  Department  of  Agriculture.  In  a  letter  received  in  the  early  part  of 
April  last,  the  chief  chemist  of  the  Department,  Dr.  H.  W.  Wiley,  requested  this 
station  to  cooperate  with  the  Department  in  growing  a  numher  of  varieties  of  beets 
from  high-grade  seed  furnished  by  them,  giving  the  beets  the  best  of  conditions  in 
respect  to  siibsoiling,  preparation  of  the  seed  bed,  and  cultivation.  Some  of  the 
kinds  of  seed  sent  were  produced  by  the  highest  possible  scientific  culture  from 
specially  analyzed  beets,  which  were  stated  to  average  19  per  cent  of  sugar.  Accord- 
ing to  the  directions  received,  the  Government  plat  was  surrounded  on  all  sides  by 
our  regular  beet  field  and  was  located  in  the  southeastern  quarter  of  our  main  field. 
The  different  kinds  of  seed  received  and  planted  by  hand  on  May  22  were  as  follows: 

Plat  J.— Dippe  Brothers,  Vilraorin  filito  R  I,  from  Dippe  Brothers,  Quedlinburg, 
Germany. 

Plat  /?.— 1.  Original  Klein  wan  zlebener,  grown  by  KUhn,  Naarden,  Holland.  2. 
Vilmorin  Improved,  grown  at  United  States  Sugar  Beet  Station  at  Schuyler,  Nebr. 
3.  Demesmay  sugar-beet  seed,  grown  by  F.  Demesmay,  Cysoing  (Nord),  France. 

Plat  C, — High-grade  Commercial  Klein wanzlebener. 

Plat  D. — High-grade  Commercial  Vilmorin's  Improved  "  La  Plus  Riche." 

White  Improved  Imperial  Elite,  grown  by  Martin Grashoff,  Quedlinbnrg,  Germany. 

Dippe  Brothers,  Kleinwanzlebener  Elite  W  I,  from  Dippe  Bros.,  Quedlinbnrg, 
Germany. 

The  plats  were  arranged,  as  suggested  by  Dr.  Wiley,  in  the  following  manner: 
Plats  A  and  B,  each  21  by  24  feet,  wore  placed  in  the  middle  and  were  surrounded 
by  a  border.  CC,  67  feet  long  and  9^  feet  wide;  the  plats  D'  and  D*  were  placeil  at 
the  east  and  west  ends  of  the  C  plat,  being  21  by  40  feet.  South  and  north  of  the 
whole  plat  three  rows  were  run  110  feet  long,  in  which  were  planted  the  varieties 
given  in  the  preceding  statement,  White  Imperial  being  planted  in  the  south  three 
rows,  and  Kleinwanzlebener  Elite  in  the  north  three  rows.  The  rows  were  18  inches 
apart.  The  effort  was  to  have  one  good  vigorous  beet  plant  at  about  every  9  inches 
in  the  row  after  thinning. 

The  germinations  of  the  seed  planted  in  this  experiment,  as  well  as  of  that  planted 
in  our  other  trials,  were  determined  by  Professor  Goff,  and  are  given  on  ]>nge8  300- 
301  of  our  Fourteenth  Annual  R'eport.  It  will  be  seen  that  the  germinative  lYower 
of  the  different  kinds  of  seed  was  very  good,  with  the  possible  exception  of  the 
Schuyler,  Nebr.,  seed,  which  was  old,  and  the  Dippe  Brothers'  Vilmorin  Elite 
seed.  The  average  germination  of  the  seed  was  167  per  cent,  ranging  from  115  to 
231  per  cent,  the  latter  result  being  obtained  with  the  White  Improved  Imperial 
Elite. 

The  first  samples  of  the  beets  raised  on  the  Government  plat  were  taken  Septem- 
ber 20 ;  another  sample  was  taken  September  27,  and  after  that  time  every  fourteen 
days  until  the  beets  were  harvested,  on  November  5.  In  sampling  the  beets  four 
beets  were  dug  of  each  kind.  Two  of  these  were  forwarded  to  Washington,  D.  C,  to 
the  Department  of  Agriculture,  and  the  other  two  retained  for  analysis  in  our  own 
laboratory. 

The  results  of  the  analyses  made  by  the  writer  are  given  in  the  following  table. 
The  C>  samples  were  taken  south  of  the  A  and  B  plats  and  the  C'^  samples  north  of 
these  plats.  In  the  same  manner  the  D<  and  D*  samples  were  taken  from  the  plata 
east  and  west,  respectively,  of  the  central  plats. 
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Mainfieldf  Government  plat. 


Bate  of 
Bam- 
pllng. 

Per  cent 
root  of 
whole 
plant 

Weight 
of  beets. 

Analysis  of  Juice. 

Varietj. 

Specific 
gravity. 

Sugar. 

Purity 
coefficient 

Impi^riaimite..  .TT..T. t     - 

Sept.  20 
Sept.  27 
Oct.    n 
Oct.    25 
Nov.    5 

70 
70 
78 
80 

Poundt. 
0.21 
.40 
.40 
.68 
.83 

1.0755 
1.0934 
1.0834 
1.0858 
1.0740 

Percent. 
14.44 
17.92 
17.04 
16.35 
14.36 

79.1 

80.5 
85.0 
79.4 
80.1 

.48 

16.02 

80.8 

Sept.  20 
Sept.  27 
Oct.    11 
Oct    25 
Nov.    5 

. 

Yilmorin  La  Plua  Biche.Di 

73 
73 
72 
82 

.34 
.80 
.98 
.95 
1.20 

1.0882 
1.0923 
1. 0895 
1.0860 
1.0882 

16.96 
17.68 
17.93 
16.40 
16.53 

80.4 

79.9 
83  8 
79.6 
78.3 

.85 

.37 
65 
.50 
.50 
1.13 

17.08 

80  4 

Sept.  20 
Sept  27 
Oct    11 
Oct    25 
Nov.    5 

High-grade  Klaburanzlebener,  d 

73 
70 
50 
78 

1.08t>5 
1.0898 
1. 0870 
1.0810 
1.0845 

16.45 
17.21 
10.15 
14.35 
16.90 

83.0 
80.0 
77.5 
73.6 
83.5 

.01 

16. 21 

79.5 

Sept  20 
Sept  27 
Oct    11 
Oct    25 
Nov.    5 

70 
76 
80 
91 

VilmnHn  ItaiDroved.  Neb»*-,  B 

.75 
.45 
1.13 
.75 
.71 

1.0725 
1.0810 
1.0848 
1.0857 
1.0800 

15.06 
16.70 
17.01 
15.86 
15.71 

85.7 

85.7 
83.6 
77.2 
81.5 

.76 

16.07 

82.7 

Sept.  20 
Sept.  27 
Oct    11 
Oct    25 
Nov.    5 

Original  Kleinwanalebener,  Holland,  B  . 

'"68~ 
67 
73 
73 

.45 
.20 
.40 
.30 
.35 

1.0860 
1.0W6 
1.093.*^ 
1. 0980 
1.0920 

16.63 
18.67 
17.95 
17  34 
18.66 

80.7 
82;  4 
80.6 
74.5 
81.8 

.37 

17.83 

80.0 

Sept.  20 
Sept  27 
Oct    11 
Oct    25 
Nov.    5 

THnne'a  Xleinwanzlebener 

64 
68 
71 
71 

.70 
.90 
.93 
.50 
.95 

1.0695 
1. 0836 
1.0917 
1. 1070 
1. 0812 

14.57 
17.11 
18.17 
21.45 
16.42 

86.3 

85.2 

83.0 

85.2 

*    84  0 

.80 

17.54 

84.7 

Sept.  20 
Sept  27 
Oct    11 
Oct    25 
Nov.    5 

Vllmorin't  La  Plua  Riche.  D. 

67 
72 
73 

78 



1.03 
1.15 
1.23 
1.35 

1. 0735 
1. 0800 
1.0868 
1.0917 

16.13 
16.90 
17.56 
18.88 

90.6 

63.0 
84.4 
86.3 

Averaipe 

1.19 

17.37 

86  1 

Sept  20 
Sopt  27 
Oct    11 
Oct    25 
Nov.    5 

High-grade  Klein  wanzlebeuer,  C, 

72 
65 
75 
82 

1.05 
.70 
.70 

1.30 

1.0850 
1. 0842 
1.0885 
1.0940 

17.94 
16.70 
17.57 
19.18 

87.9 
82.6 
83.0 
85.7 

^venure            .... 

.94 

17.85 

84  8 

Sept  20 
Sept  27 
Oct    11 
Oct    25 
Nov.    5 

T)eine(iinay  Impro^'od,  R - 

76 
81 
78 
89 

.80 
.93 
1.10 
.85 
.93 

1. 06.'>5 
1. 0695 
1.067S 
1. 0798 
1.0690 

13.23 
13.49 
12.85 
15.95 
13.66 

82.8 

79.8 
77.9 
83.0 
81  4 

.92 

13.84 

81.0 

Sept.  20 
Sept.  27 
Oct    11 
Oct    25 
Nov.    5 

TMn-nA  Vllmnrin.  A 

63 
73 
73 
82 

.62 
1.00 
1.10 
1.03 

.75 

1.0790 
1.0852 
1.0895 
1.0920 
1. 0827 

16.05 
16.86 
17.49 
18.34 
16.91 

84.3 

82.5 
81.7 
83.6 
85.1 

ATerage 

.90 

17.18 

83.4 
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We  notice  that  the  per  cent  of  sagar  in  the  juice  but  rarely  came  over  18  in  case  of 
the  different  varieties,  the  average  figures  ranging  from  13.84  per  cent  'Demesmay) 
to  17.85  per  cent  (High-grade  Commercial  Kleinwanzlebener,  Cg);  the  parity  of  the 
beet  juice  was  good,  viz,  lowest  79.5  (High-grade  Commercial  Kleinwanzlebener, 
Ci),  highest  86.1  (Vilmorin  La  Plus  Riche,  Dj). 

The  average  results  of  the  analyses  of  these  beets  obtained  by  the  Department 
of  Agriculture  and  in  this  laboratory  are  given  below : 


Detorminationa  made  by— 

Namber  of 
analyses. 

Polari  scope 
method. 

16.27 
16.09 

Ale.  ex- 
traction 
method. 

Parity  co- 
efficient. 

38  (31*) 
38  (31*) 

84.7 

Wisoonsin  £xi>6nmeiit  Station 

15.18 

82.0 

*  Nnmber  of  determinations  of  purity  of  Jnioe. 

While  the  agreement  is  as  good  a  \  could  be  expected  between  the  results  obtained  by 
the  polariscope  method,  the  purity  coefficient  differs  rather  more  than  allowable  in 
duplicate  samples.  The  two  sets  of  analyses  differ  in  this  way,  that  the  Department 
of  Agriculture  samples  were  always  analyzed  at.  least  several  days  after  our  analyses 
were  made,  since  the  latter  were  always  finished  within  twenty- four  hours  from  the 
time  of  sampling.  In  single  instances,  variations  occurred  between  the  Department 
of  Agriculture  and  our  analyses  of  3  per  cent  of  sugar  in  the  juice  and  of  over  7  per 
cent  purity,  owing  to  differences  in  tbe  stage  of  maturity  of  the  beets  analyzed;  it 
is  evident  that  no  absolutely  correct  idea  of  the  sugar  content  of  the  beets  in  a  cer- 
tain plat  or  field  can  be  obtained  by  pulling  and  analyzing  two  single  beet  roots, 
even  if  these  do  appear  to  be  at  about  average  stage  of  maturity. 

The  yield  of  beets  from  the  plat,  obtained  at  harvesting,  November  5,  and  the 
caloulated  yield  of  beets  and  of  sugar  per  acre,  are  shown  in  the  following  table: 

Yield  of  hettB  and  of  sugar j  Government  plat. 


If ame  of  variety. 


Yield  of  beeU. 


From 
plat 


Per  acre. 


Average 
weight 
of  beets. 


Sugar  in 
the  beet. 


Sngar 
per  acrob 


Imperial  Elite 

Vilmorin  La  Pins  Riche ,.. 

High-grade  Commercial  Kleinwauzlebener 
Bippe  lirothers  Kleinwanzlebener  Elite  ... 

Bippe  Brothers  Vilmorin  Elite 

IXemesmay 

Vilmorin.  Schuyler,  Nebr 

Original  Kleinwanzlebener,  Holland 

Averages,  etc 


Poundi. 

272.3 

1,167.3 

1, 170. 0 

311.7 

336.6 

2:^.4 

76.7 

26.0 


Pounds. 
24,210 
28,  290 
30,660 
34,380 
20,090 
31,520 
30, 940 
15, 730 


Pounds. 
0.45 
.64 
.56 
.66 
.58 
.61 
.59 
.27 


Per  cent. 
13.63 
15.70 
16.05 
15.fi0 
16.06 
12.98 
14.02 
17.72 


3,595.0 


28,103 


15.04 


Pounds. 
3,:^00 
4,441 

4.920 
4,tK)5 
4.672 
4.0»2 
4.616 
2.788 


4,228 


The  average  yield  of  beets  per  acre  obtained  was  over  14  tons,  or  about  5  tons  more 
than  the  yield  obtained  from  either  half  of  the  main  field.  The  average  calculated 
yield  of  sugar  per  acre  was  4,228  pounds,  the  lowest  yield  being  obtained  in  case  of 
Original  Kleinwanzlebener,  Holland  (2,788  pounds),  which  variety  plainly  suffered 
most  from  the  drought,  and  the  highest  in  case  of  Dippers  Kleinwanzlebener  Elite 
(4,995  pounds). 

ANALYSES  MADE  AT  THE  LABORATORY  OF  THE  DEPARTMENT  OF 

AGRICULTURE. 

Samplos  of  beets  from  the  high-grade  plots  were  sent  from  time  to 
time  to  the  laboratory  of  the  Department  of  Agriculture  for  analysis, 
and  finally  all  the  remaining  beets  of  proper  size  were  forwarded  for 
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examinatioD.  The  following  table  contains  the  analyses  of  the  samples 
received  from  the  various  stations  of  the  three  separate  harvests  of 
beets,  ranging  from  the  last  of  September  to  the  last  of  October, 
together  with  the  analyses  of  all  the  samples  of  the  high-grade  beets 
harvested  in  the  middle  of  !N^ovember: 

Table  shotoing  analyses  of  beets  of  high  grade  from  experiment  stations  of  Tennessee, 
Kentucky,  Indiana,  Iowa,  Wisconsin,  and  New  York. 

KNOX  COUNTY,  T^ENN. 

[ExiMrlment  Station,  Knozville.] 


Serial 
No. 


200 

201 
203 

204 

206 

202 

205 

207 


Variety. 


White  Improved  Imperial 

Elite 

KleinwftfiztebeDer  Elite  . . 
Original  Kleinwansleben- 

er  (Dippe  Brotheru)  — 
Original  Kieinwansleben- 

er  (Holland) 

High   grade  Klein  wans- 

lebener  

Vilmorin'a    "La    Pins 

Biche*' 

Vilmorin's  Improved 

Demesmay 


Time  of 
planting. 


1807. 
May  24 

May  18 
...do... 
...do... 


.do. 
.do. 
•do. 


Timi  of 
harvest- 
ing. 


1897. 

Sept.  25 
du  ... 


...do.. 
...do.. 
...do.. 


.do. 
.do. 
-do. 


Bate 
received. 


1807. 

Sept.  27 
— do  ... 


....do... 
....do.., 
....do.. 


.do... 
.do... 
.do... 


Num- 
ber of 
beets. 


Average 
weight. 


Ounces. 

4 

7 

3 

1 
6 

7 

1 
1 


Sagar 
in  the 
beets. 


Peret. 

11.5 
10.7 

12.5 

12.5 

12.0 

10.6 
13.2 
13.5 


Purity 
coeffi- 
cient. 


FAYETTE  COUNTY,  KY. 
[Experiment  Station,  Lexington.] 


285 

Original  Kleinwanzleben- 
er  (Holland) 

1807. 

1897. 

Sept.  27 
Oct.    14 

Sept  27 
. . .  .do  . . 

1897. 

Sept.  29 
Oct.    18 

Sept  29 
do  . . . 

37' 

21 
7 

19 
18 

17 
7 

13.3 
15.8 

10.9 
9.5 

10.9 
11.1 

72.5 

^o              

286 

Vilmorin's    Improved 
rSchiivler  Nebr.)   . 

68.5 

287 

Demesmay                                  .... 

65.0 

293 

White   Improved    Impe- 
rial Elite  . 

....do  .. 

....do... 

68.1 

785-832 

do 

Oct.    14 

48 

TIPPECANOE  COUNTY,  IND. 
[Experiment  Station,  Lafayette.] 


109 

Original  Kleinwanzleben- 
er  (Holland) 

1897. 

May     5 
. . -  ao  ... 

1897. 

Sept.  24 
Oct.      8 
Nov.  22 

Sept.  24 
Oct.      8 
Nov.  22 
Sept.  24 
Oct.      8 
Nov.  22 

Sept.  24 
Oct      K 
Nov.  22 

Sept.  24 
Nov.  22 
Oct      8 

1897. 

Sept.  27 
Oct    10 
Nov.  24 

Sept.  26 
Oct    10 
Nov.  24 
Sept  26 
Oct    10 
Nov.  24 

Sept.  26 
Oct    10 
Nov.  24 

Sept.  26 
Nov.  24 
Oct    10 

2 
2 
5 

2 
2 
6 
2 
2 
14 

2 
2 
5 

2 
10 
2 

16.5 
14.3 
19.1 

14.4 
14.7 
18. 5 
12.6 
12.5 
14.3 

13.9 
14.6 
16.5 

14.5 
15.4 
16.1 

436 

do    

2203 

do 

....do  ... 

84.4 

171 
448 

Klein wanzlebener  Elite 

(Dippe  Brothers) 

.  do 

May   19 
do  . .. 

2202 

.  ...do 

...do  ... 

83  6 

172 

Demesmay 

Mjiv     5 
. do  . . 

449 

do    ...           

2204 

.    do    

do  ... 

80.6 

178 
447 

Vilmorin*s  Improved 

Elite  (Dippe  Brothers) . . 

...  do 

M.^^19 

2206 
180 

2205 
430 

do 

Vilmorin's  Improved 

(Schuyler,  Nebr.) 

do 

Vilmorin's  Improved 

....do... 

Mav    6 

do  ... 

....do... 

60.1 
■'"  8L3 
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TahU  8homng  analyses  of  beeta  of  high  grade  from  experiment  stations  of  Tcn%^ssee, 
Kentucky,  Indiana,  Iowa,  Wisconsin,  and  New  Yorh^-ContinvLod, 

STOKT  COUNTY,  IOWA. 
[Experiment  Station,  Ames.] 


Serial 
No. 

Variety. 

Time  of 
planting. 

Time  of 

harvest- 

ing. 

Date 
received. 

Nam. 
berof 
beets. 

Average 
weight. 

Sugar 
in  the 
beoto. 

Parity 
coeffi- 
cient 

249 

Demesmay  t  r*Tt-T*.rTa**TT 

1897. 
May  29 

do  ... 

1897. 
Sept  25 

Nov.  13 
....do... 
do  .  . 

1897. 
Sept  28 

Nov.  22 
....do.  . 
....do  ... 

3 

2 
2 
2 

2 

Ounces. 
11 

13 
19 
12 

20 

Peret. 
13.9 

16.7 
13.0 
17.3 

12.8 

2078 

White  Improved  Imperial 
Blite 

79. 1 

2088 
2099 

Yilmorin's  Improved 

Vilmorin'a  Elite . 

....do... 
....do  ... 

72.5 
82.6 

2100 

Original    Kleinwanzlebe- 
nor 

.-..do  ... 

....do  ... 

....do... 

72.4 

DANE  COUNTY,  WIS. 
[Experiment  Station,  Madison.] 


217 

....  cto 

1897. 
May  22 
do  ... 

1897. 

1897. 
Sept  29 
Oct    12 
Oct    27 
Nov.  17 

2 
2 
2 
12 

10 
11 
9 
16 

15.0 
18.6 
19.5 
15.8 

80.5 

882 

87.3 

1465 

do                          

do  ... 

1912 

do 

....do  ... 

Nov.    8 

83.1 

Averages* . . , .  ^  ^  t 

14 

16.9 

83.8 

Original  EHeinwanzleben- 
er  f Holland) 

M.j^« 

Sept  29 
Oct    12 
Oct    27 
Nov.  17 

222 

2 
2 
2 
11 

5 
8 
7 
6 

16.4 
18.9 
18.9 
18.7 

881 

..  .  do    

87  2 

1469 
1913 

do 

do 

....do... 
....do  ... 

Nov*.  *2' 

80.7 

Averages  *.-. 

6 

18.4 

82.0 

....  do 

May  22 
....do ... 

Sept  29 
Oct.    12 
Oct    27 
Sept  29 
Oct    12 
Oct    27 
Nov.  17 

225 

2 
2 
2 
2 
2 
2 
188 

13 
9 

13 
9 
6 
6 

15 

14.6 
16.3 
17.3 
13.8 
16.5 
18.5 
17.3 

85.0 

877 

82.2 

1468 

do 

....do  ... 

84.1 

226 

do 

.  .do 

86.8 

878 

do          

do  ... 

86.2 

1464 

do 

do... 

1918 

do 

....do  ... 

Nov.    3 

85.1 

Averages  * 

14.7 

17.2 

86.1 

White  Improved  Imperial 
Elite 

""'V 

Sept  29 
Oct.    12 
Oct    27 
Nov.  17 

218 

2 
2 
2 
12 

9 
8 
5 
16 

14.0 
17.1 
18.8 
15.4 

86.0 

876 

do            

1463 

do     

. . .  .do  . . . 

1911 

....  do 

....do  ... 

Nov.    3 

83.2 

Averages  *  ......  ... 

12.4 

15.5 

8J.5 

Dippe*s  Yilmorin  Elite 

M.^^22 

Sept  29 
Oct    12 
Oct    27 
Nov.  17 

219 

2 

2 

2 

115 

14 
10 
16 
14 

14.3 
18.8 
18.5 
17.7 

84.3 

880 

87.2 

1466 

do 

....do  ... 

86.9 

1917 

do 

....do... 

Nov.    2 

86.7 

Averages  * 

14.0 

17.7 

86.7 

Vilmorin's    Improved 
Sclinvler  seed      ... 

May  22 
do  . . . 

Sept  29 
Oct    12 
Oct    27 
Nov.  17 

221 

2 
2 
2 
24 

16 
15 
12 
12 

13.6 
16.8 
16.2 
16.6 

82.6 

879 

.    do 

85.0 

1461 

....do 

....do  ... 

82.1 

1916 

do 

w..do  ... 

Nov.    2 

82.5 

Averages  * 

12.4 

15.6 

82.7 



*  In  ligaring  the  averages,  each  analysis  is  valued  in  proportion  to  the  weight  of  the  sample. 
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Table  ahomng  analyses  of  beets  of  hiffh  grade  from  experiment  stations  of  Tennessee, 
Kentucky  J  Indiana,  Jowa,  Wisconsin,  and  Neto  York — Continued. 

DANE  COUNTY,  WIS.— Contlnaed. 


Serial 
So. 

Twritoty. 

Time  of 
planting. 

Time  of 

barye8^ 

ing. 

1897. 

Date 

Num. 
berof 
beeta. 

Average 
weight. 

Sugar 
in  the 
beeto. 

Purity 
coeffi- 
cient. 

223 

Vilmorin'8    "La     Pins 
Kiche"       

1897. 

1897. 
Sept  29 
Oct    12 
Oct    27 

2 
2 
2 
2 
2 
2 
•  236 

Ounces. 
18 
16 
12 
13 
8 
10 
15 

Peret. 
14.9 
17.9 
17.6 
14.3 
19.2 
19.0 
17.7 

&3.4 

871 

do 

88.2 

1462 

do 

....do  ... 

85.2 

224 

do 

do... 

Sept  29 
Oct    12 
Oct    27 
Nov.  17 

•  86.2 

875 

....do 

....do... 

1467 

do 

....do  ... 

85.4 

1915 

do 

do... 

Nov.    3 

86.7 

A  venurea  t 

16 

17.7 

86.8 

DememnaT. , 

"1^ 

Sept  29 
Oct    12 

220 

2 

2 

91 

12 
12 
13 

13.4 
15.0 
13  6 

84.8 

14  iO 

do 

83.5 

1914 

do 

....do... 

Nov.    2 

Nov.  17 

81.0 

AToraffea  t 

13 

13.6 

81.1 

ONTARIO  COUNTY,  N.  Y. 
lEzperiment  station,  Geneva.] 


227  ;  White  Improved  Imperial 

Elite 

1409   do 

...do 


Averages  t. 


231 
1403 
1410 


1406 


234 

1404 


230 
1401 


1407 


Vilmorin'a 
Biche"  .. 

....do 

....do 

....do 


•La    Pins 


do. 


Averages  t. 


Yilmorin's      Improved 

(Sohnyler,  Nebr.) 

do 


.do. 


Averages  t. 


Yihnorin's  Improved  . 
do 


Averages  t . 


Demesmay.. 
do...... 


.do. 


Averages  f . 


Yilmorin's  Improved  Elite 

(Dippe  Brothers) 

do    


1897. 
May  19 

...do... 


1897.  1897. 

Sept  27  !  Sept  28 

Oct    14  I  Oct    15 

/Oct 

I  Oct 


...do... 
...do... 


May  16 


do 


25  r 

30   /• 


4 
4 

174 


Sept  27     Sept  28 
do do  ... 

Oct    14  I  Oct    15 


.do. 


/Oct    29   \ 
\Oct    30  / 


.do. 


4 
4 

4 
4 

207 


Sept  27     Sept  28 
Oct    14     Oct    15 

/Oct    29   \ 

\Oct    30  / 


May  19     Sept  27 
...do  ...    Oct    14 


May  19     Sept.  27     Sept  28 
.do...    Oct    14     Oct    15 


.do...{; 


Oct    29 
Oct    30 


Sept.  28 
Oct    15 


14 

12.6 

16 

14.8 

18 

15.3 

(*) 


18  I 


15.2  I 


15.1 
15.  G 
16.8 
16.6 

18.3  ! 


81.3 


85.5 
87.2 
84.2 
85.7 


(*) 


85.6 


20         14.2  i 
16         15.2  i 

18         15. 7  i 


84  2 

87.8 

(*) 


18  I       15.5  I        85.6 


I 
15  ' 
15  I 


13.6 
14.6 


82.2 
81.4 


15  > 


14. 1  I        81. 8 


Averages  t. 


I 

Mav  19     Sept  27 

...<lo  ...    Oct    14 

.  rOct    20 

■•■****  •••\Oct    30 


4 
4 

107 


13.3  I 
12.3 


82.8 
70.2 


15.9;      (•) 


■  18  I       15. 7  I 


81.1 


Sept  28 
Oct    15  I 


15. 2  86. 0 

16. 7  84. 9 

18. 1  I      (*) 


17.9 


a->.5 


*Not  inolnded  In  averaging  the  purit  v  coefficients. 

\  In  figuring  the  averages,  each  analyBiH  ia  valued  in  proi>ortion  to  the  weight  of  the  sample  it 
rapresanta. 
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Tttble  showing  analyaes  of  beets  of  high  grade  from  experiment  stations  of  Tennessee^ 
Kentucky^  Indiana,  Iowa,  Wisconsin,  and  New  York — Coutiuued. 


ONTARIO  COUNTY,  N. 

Y Continued. 

Serial 
No. 

Variety. 

Time  of 
planting. 

Time  of 
harvest- 
ing. 

Date 
received. 

1897. 
Sept  28 
Oct    15 
\ 

Num- 
ber of 
beeto. 

Avera^*^ 
weight. 

Sugar 
in  the 
beets. 

Purity 
coeffi- 
cient. 

233 
1402 

Kieih-mAe    Commercial 

jfleinwaQzlebener 

do 

do 

1897. 
Mav  19 

...do  ... 

1897. 
Sept.  27 
Oct.    14 
/Oct.    29 
\Oct    30 

4 
4 

224 

Ounces. 
20 
15 

18 

Peret. 
15.1 
15.2 

17.8 

86.4 
83.2 

n 

A'^'erHffft*  t         -  - . 

/ 

18 

17.7 

85.0 

Original    Klelnwanzlebe- 
ner(Hollaiid) 

May  19 
do  ... 

Sept  27 
Oct    14 

Sept.  28 
Oct    15 

4 
4 
7 

235 

18 
13 
18 

16.2 
10.4 
19.2 

86.7 

1405 

do 

84.7 

do 

....do  ... 

(*) 

Avemflreef  r . . .....^  - 

17 

17.7 

85.8 

Kleinwanzlebener     Elite 

(Dippe  Brothers) 

do 

May  19 
do  .. 

Oct    14 
/Oct    29 
tOct    30 

Oct    15 
I 

1408 

4 

211 

16 
20 

17.3 
18.7 

84.6 

A venures ........... 

^ 

20 

18.7 

1                   1 

*Not  included  in  averaging  the  purity  coefficients. 

tin  figuring  the  averages,  each  analysis  is  valued  in  proportion  to  the  weight  of  the  sample  it 
represents. 

Diacusaion  of  above  data. — No  further  discussion  of  the  analytioal 
data  contained  in  the  above  table  is  necessary,  except  in  the  case  of 
the  samples  received  from  Wisconsin  and  New  York.  These  samples 
were  exceptionally  fine.  By  an  unfortunate  misunderstanding  all  the 
beets  received  frcm  Wisconsin  were  reduced  to  pulp  for  the  purpose  of 
getting  an  average  sample  for  analysis.  The  selection  for  mother  beets 
was,  therefore,  confined  to  the  samples  from  New  York. 

WISCONSIN. 

Almost  uniformly  good  results  were  obtained  in  these  experiments. 
The  Original  Kleinwanzlebener  (Holland)  seed  produced  beets,  however, 
too  small  for  all  practical  purposes,  although  the  sugar  content  and 
purity  were  high.  The  largest  beets  and  those  of  the  highest  purity 
were  produced  by  the  Vilmorin  La  Plus  Riche  seed.  The  Demesmay 
seed  which  were  used  were  only  the  commercial  article,  and  were  not 
grown  from  specially  analyzed  mothers.  It  is  not  surprising,  therefore, 
to  see  that  they  produced  a  crop  which  was  the  poorest  of  all  in  sugar 
content. 

The  particular  analyses  of  the  most  importance  are  those  which 
were  made  on  the  beets  received  November  17,  and  harvested  on 
the  3d  of  November.  These  practically  represent  the  beets  at  their 
full  maturity,  as  it  is  not  probable  that  they  would  improve  in 
quality  in  the  climate  of  Madison  after  the  1st  of  November.  The 
analyses  also  represent  the  greatest  number  of  beets,  and  therefore 
are  the  most  reliable.  The  largest  number  of  beets  of  proper  size  and 
8hax)e  were  produced  by  the  Vilmorin  La  Plus  Eiche  seed,  and  the 
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smallest  by  the  Original  Kleiiiwanzlebeuer.  The  beets  grown  from  the 
Schuyler  seed  are  of  particular  interest  because  they  represent  the  link 
of  union  between  the  experiments  which  were  discontinued  by  the 
Department  in  1893  and  reinaugurated  in  1897.  The  average  size  of 
the  beets  produced  by  the  Schuyler  seed  is  somewhat  small,  but  the 
content  of  sugar  and  the  purity  are  satisfactory.  Upon  the  whole,  the 
effect  of  high-grade  seed  and  high  culture  are  most  distinctly  marked. 
It  is  only  necessary  to  compare  the  results  obtained  in  the  experiments  . 
with  these  high-grade  seeds  with  those  secured  in  the  State  at  large 
to  show  the  possibilities  of  beet  production  in  Wisconsin.  With  such 
data  before  the  investigator,  it  is  evident  that  he  must  be  convinced  of 
the  fact  that  it  is  possible,  with  proper  conditions  of  seed  and  culture, 
to  produce  a  grade  of  beets  of  the  highest  quality  in  Wisconsin. 

Nkw  York, 

Most  satisfactory  results  were  obtained  from  the  experimental  work 
in  the  State  of  New  York  at  Geneva.  Two  sets  of  samples  were 
received  from  the  station,  representing  intervals  of  about  two  weeks 
in  harvesting,  the  first  set  of  samples  having  been  harvested  on  the 
27th  of  September  and  the  second  on  the  14th  of  October.  It  will  be 
noticed  that  a  marked  improvement  was  secured  by  postponing  the 
harvest  for  two  weeks,  showing  that  as  a  rule  it  is  not  to  be  expected 
that  the  season  for  manufacturing  in  New  York  should  begin  before 
the  middle  of  October.  The  above  table  includes  also  the  final  har- 
vest, which  was  made  much  later  in  the  season,  viz,  October  29-30, 
and  shows  even  a  greater  improvement.  The  beets  from  the  final  har- 
vest were  all  sent  to  Washington,  and  were  carefully  selet^ted  for  seed 
production.  The  data  obtained  in  this  selection  arc  given  as  the  third 
in  the  series  of  analyses.  The  sami)les  which  were  grown  at  the  New 
York  station  were  from  seeds  of  two  different  qualities:  First,  commer- 
cial seeds,  as  represented  by  the  Demesmay  White  Imperial  and  high- 
grade  commercial  Klein wanzlebener;  and,  second,  seeds  grown  directly 
from  high-grade  mothers,  rejiresented  by  the  Vilmorin  La  Plus  Kiche, 
the  Vilmorin  Improved  (Schuyler),  and  the  Original  Kleinwanzlebeuer. 
The  average  size  of  the  beets  selected  for  analysis  was  not  quite  20 
ounces;  the  sugar  content  in  most  cases  was  high,  and  the  purity 
extremely  satisfactory.  After  leaving  the  beets  unharvested  until  the 
end  of  October  they  were  found  to  have  increased  tlieir  content  of 
sugar  very  markedly,  as  will  be  shown  in  the  table  of  analyses  for  the 
selection  of  mothers.  The  encouraging  data  obtained  at  the  New  York 
station  suggests  that  if  the  Department  should  reestablish  its  experi- 
ment stations  for  the  production  of  high-grade  seeds  one  of  them 
should  be  placed  in  this  locality. 

In  the  analysis  of  the  beets  to  be  selected  as  mothers  for  producing 
seeds  no  attempt  was  made  to  determine  the  coefficient  of  purity,  as 
the  amount  of  pulp  removed   was  only  sufficient  to  determine  the 
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percentage  of  sugar  directly  therein.  It  is  evident,  however,  that  the 
purity  coefficients  of  all  the  different  varieties  would  not  liave  been 
diminished  by  perfect  maturity,  so  that  they  may  be  regarded  as  fully 
equal  to  the  average  in  each  case.  In  fact,  it  would  be  fair  to  assume 
that  the  averages  of  the  final  harvest  of  the  most  mature  beets  were 
slightly  above  those  taken  for  the  average  of  the  three  analytical 
periods  of  the  season.  In  the  discussion  of  the  data  obtained  by  the 
analysis  it  must  be  remembered  that  the  averages  in  all  cases  are  made 
upon  the  total  weight  of  the  material  entering  into  the  analysis.  Not 
only  is  this  true  of  each  individual  sample,  but  also  of  the  average 
analyses  of  the  samples.  It  is  evident  that  this  is  the  one  exact 
method  of  obtaining  average  results,  and  it  is  only  the  averages 
obtained  by  such  a  method  that  have  a  convincing  value. 

DATA  OF  EACH  VARIETY. 

The  White  Improved  Imperial  I5lite,  grown  from  commercial  seeds 
gave  beets  of  fair  commercial  quality.  An  average  weight  of  18  ounces, 
with  a  content  of  15.2  per  cent  of  sugar  in  the  beets  and  a  coefficient 
of  purity  of  81. 'i,  would  insure  a  large  yield  in  a  well-built  and  well- 
operated  factory.  From  the  complete  harvest,  174  beets  were  found  of 
the  required  size,  shape,  and  sugar  content  to  warrant  saving  for  the 
production  of  seed.  It  is  evident,  however,  tbat  this  seed  would  be 
only  of  a  medium  grade  commercial  quality,  and  not  suited  to  the 
improvement  of  tbe  beet. 

Vilmorin  La  Plus  Riche. — This  plot  gave  excellent  results  throughout 
The  average  size  of  the  beets  was  the  largest  of  any  of  the  plots  grown. 
The  purity  coefficients  were  exceptionally  high,  and  the  sugar  contents 
most  satisfactory.  Two  hundred  and  seven  beets  grown  on  this  plot, 
having  an  average  weight  of  20  ounces  and  a  mean  content  of  sugar  of 
18.3  per  cent,  were  selected  for  seed  production.  It  is  evident  that  the 
coefficient  of  purity  of  this  selection  must  have  been  at  least  86.  These 
mothers  will  therefore  produce  seeds  of  the  highest  quality,  which  can 
subsequently  be  planted,  growing  beets  for  the  production  of  seeds  of 
exceptional  properties. 

Vilmorin  Improved^  Schuyler  Seed, — This  variety  is  chiefly  of  interest 
now  because  it  represents  the  continuation  of  the  work  in  seed  produc- 
tion which  was  discontinued  four  years  ago.  The  seeds  evidently  have 
lost  in  vitality  by  their  long  keeping,  and  the  product,  therefore,  is  not 
as  satisfactory  as  could  have  been  desired.  The  average  sugar  content 
is  not  exceptionally  high,  but  the  purity  is  excellent.  The  beets  pro- 
duced from  these  seeds  in  another  year  will  doubtless  develop  some 
exceptionally  high-grade  mothers,  and  thus  the  strain  will  be  continued. 
This  plot  represents  the  sole  surviving  result  of  the  three  years' experi- 
ments at  Schuyler,  commenced  in  1890.  Thirty-two  beets,  with  an 
average  weight  of  18  ounces  and  an  average  content  of  sugar  of  15.7 
per  cent  were  put  aside  for  seed  production.    It  is  seen,  from  an 
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inspection  of  the  table,  that  the  coefficient  of  purity  of  this  lot  was  87 
or  more.  It  therefore  represents  the  highest  grade  of  parity  of  any  of 
the  lots. 

Vilmorin  Improved. — ^This  is  a  commercial  seed,  used  for  planting 
around  the  central  plots,  and  has  produced  a  crop  of  only  fair  commer- 
cial value. 

Demesmay, — This  is  also  a  commercial  seed,  obtained  directly  from 
the  growers  in  the  north  of  France,  and,  as  will  be  seen  from  an  inspec- 
tion of  the  table,  produced  a  crop  of  excellent  commercial  value. 

Vilmorin  Improved  ^lite^  grown  by  Dlppe  Brothers, — This  seed  repre- 
sents the  improvement  in  the  strain  of  the  Vilmorin  beet  when  cultivated 
according  to  the  highest  scientific  principles  in  Germany.  Sixty-four 
beets  grown  on  this  plot,  having  an  average  weight  of  19  ounces,  were 
selected  for  mothers.  The  mean  content  of  sugar  in  these  beets  was 
18.1.  It  is  evident,  also,  that  the  purity  was  at  least  86  per  cent.  This 
harvest,  therefore,  represents  a  very  high  grade  quality  of  mothers  for 
continuing  the  improvement. 

Sigh  grade  Commercial  Kleimcanzlebener, — This  variety  of  seed  rep- 
resents the  highest  grade  of  commercial  seeds  offered  to  the  market. 
The  results  of  culture  show  that  the  tendency  of  this  seed  to  produce 
rich  beets  is  extremely  well  marked.  Two  hundred  and  twenty-four 
beets  grown  on  this  plot,  with  an  average  weight  of  18  ounces,  were 
selected  as  mothers.  The  mean  content  of  sugar  in  these  beets  was 
17.8  per  cent,  and  the  purity,  as  seen  by  the  table,  is  evidently  high. 
These  high-grade  commercial  seeds,  therefore,  produce  a  strain  of  beets 
almost  as  valuable  for  sugar  production  as  the  specially  high  grade 
seeds  from  analyzed  mothers. 

Original  Kleimcanzlebener  (Holland.) — This  variety  of  seed  represents 
the  Kleinwanzlebener  type  as  cultivated  to  the  highest  degree  in  Hol- 
land. The  tendency  in  that  country  seems  to  be  to  the  production  of 
a  beet  of  small  size  and  exceptionally  high  sugar  content.  Only  a  few 
of  these  high-grade  seeds  were  planted,  and  this,  together  with  their 
small  size,  accounts  for  the  fact  that  only  seven  were  selected.  The 
mean  weight  of  the  seven  was  18  ounces,  the  mean  content  of  sugar 
therein  19.2,  and  the  coetFicieut  of  purity  evidently  80  or  over.  This 
variety  produced  the  highest  content  of  sugar  of  any  cultivated,  but  on 
account  of  the  small  size  is  less  to  be  recommended  for  general  culti- 
vation in  this  country  than  some  of  the  other  varieties. 

Kleimcanzlebener  Elite. — This  variety  represents  the  specially-selected 
seeds  grown  by  Dippe  Brothers,  at  Quedlinburg.  The  beets  grow  to  a 
fine  size,  are  of  good  shape,  and  have  excellent  qualities  to  recommend 
them  to  the  manufacturer.  Two  hundred  and  eleven  of  these  beets, 
having  an  average  weight  of  20  ounces,  were  selected  as  mothers.  The 
mean  content  of  sugar  in  these  beets  was  18.7  per  cent,  and  the  coeffi- 
cient of  purity,  as  will  be  seen  by  the  table,  good. 
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CLASSIFICATION  OF  THK  BEETS  OF  EACH  VARIETY. 

It  will  be  interesting  to  study  the  distribution  of  the  beets  of  each 
variety  according  to  sugar  content.  This  can  be  done  by  means  of  the 
following  table : 


Variety. 


Namber  of  beets  haviDg  contents  of 
8a;;ar  from — 


15  to  16  I   16  to  17      17  to  18  '    Jft^^j 
per  cent.   i)er  cent,   per  cent,     ^ny^ 


Maximum 
polariza- 
tions of 

individual 
beets. 


Minimum 
polariza- 
tions of 

individual 
beets. 


Wbite  Improved  Imperial  filite  . . . 

Vilmorin  La  Plus  Kicbe 

Vilinoriu  Improved,  Schay ler  Seed . 

Bemesniay -  - 

Vilmorin    Improved    Elite   (Dippe 

Brothers) 

Higb    Grade    Commercial    Klein- 

wanzlebener 

EleinwanKlebener  (Flolland) 

Klein  wanzlebener  Elite 


4 

04 

8 

40 

47 

107 
50 
165 


Per  cent. 
10.  G 
23.4 
18.8 
22.  U 

21.6 

22.0 
22.2 
22.0 


Percent. 
11.6 
13.4 
12.4 
9.6 

10.6 

13.6 
18.4 
14.6 


PRESERVATION  OF  THE  MOTHER  BKUTS. 

The  spaces  in  the  beets  caused  by  the  removal  of  the  diagonal  core 
for  analysis  were  filled  witli  cotton  saturated  with  formaldehyd.  The 
beets  thus  prepared  were  placed  in  silos,  where  they  will  remain  until 
March. 

GROWTH  OF  SEED  FRO.M  THE   MOTHERS  ABOVE  DESCRIBED. 

Since  the  pollen  of  the  beet  is  easily  transported^  it  is  necessary  that 
each  variety  of  seed  be  grown  in  plots  entirely  removed  from  any  danger 
of  fertilization  from  other  lot^alities.  In  order  to  secure  this,  one  of 
the  varieties  prcwserved  will  be  planted,  through  the  courtesy  of  Mr. 
William  Saunders,  sui)erintendeut  of  the  garden  and  grounds,  in  the 
Department  garden  at  Washington  and  arrangements  have  been  made 
with  the  following  experiment  stations  to  grow  one  variety  each  of  the 
remaining  beets,  viz:  Maryland;  Ithaca  and  Geneva,  N.  Y.;  Miciiigan, 
Wisconsin,  jind  Iowa.  As  soon  as  practicable  in  the  spring  the  silos 
will  be  openeil  and  the  beets  forwarded  to  the  stations  above  named 
for  transplanting. 

The  beets  of  each  variety  of  different  degrees  of  strength  should  be 
planted  as  far  removed  as  possible  from  'the  other  classes.  For  instance, 
the  beets  in  tbe  grade  of  20  per  cent  of  sugar  should  be  planted  far 
enough  from  other  grades  of  the  same  variety  to  prevent  intermixing  of 
the  pollen.  In  this  way  the  strain  of  excellence  can  be  best  preserved. 
The  beets  which  have  been  saved  for  mothers  are  to  be  divided  into 
classes  representing  diff'ereiit  degrees  of  saccharine  strength,  and  each 
of  these  classes  planted  separately  to  i)roduce  high  grade  seed  for 
future  use. 


NECESSITY   OF  SKED  DEVELOPMENT. 


It  is  highly  important  for  the  rapid  and  safe  progress  of  the  beet- 
sugar  industry  in  this  country  that  attention  should  be  paid  to  the  pro- 
duction of  high-grade  seeds.  We  have  in  the  United  States  such  great 
differences  in  soils  and  climatic  conditions  as  to  render  it  evident  that 
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a  siDgle  station  for  the  production  of  seeds  would  not  be  sufficient. 
Beets  of  different  qualities  should  be  developed  in  different  localities. 
The  character  of  beets  best  suited  to  the  fields  of  New  York  and  Wis- 
consin, for  instance,  would  not  be  the  ideal  plant  for  the  semiarid 
regions  of  Nebraska.  On  the  other  hand,  it  is  evident  that  beets  grown 
in  an  arid  region,  as,  for  instance,  Chino  and  other  valleys  of  Galifomia, 
without  irrigation  and  with  scarcely  any  rainfall,  should  have  a  longer 
tap  root  than  those  grown  in  localities  where  rainfall  is  abundant  or 
irrigation  is  practiced.  It  seems  plain,  therefore,  that  three,  if  not 
four,  stations  shonld  be  established,  and  in  order  that  this  work  may  be 
conducted  under  uniform  methods  these  stations  should  be  established 
and  maintained  by  the  Department  of  Agriculture. 

One  of  these  stations  should  be  located  in  an  area  of  average  rain- 
fall and  ordinary  meteorological  conditions  as  presented,  for  instance, 
by  the  States  of  New  York  and  Michigan. 

The  second  station  should  be  established  in  a  locality  where  a  defi- 
cient rainfall  is  to  be  exi)ected,  and  where  the  vicissitudes  attending 
meteorological  changes  are  the  greatest,  as,  for  instance,  in  South 
Dakota  or  Nebraska. 

The  third  station  should  be  established  in  a  region  where  irrigation 
is  practiced,  as,  for  instance,  in  Colorado,  New  Mexico,  or  Utah. 

A  fourth  station  should  be  devoted  to  the  development  of  a  beet  best 
suited  to  arid  regions  where  irrigation  is  not  practiced,  as,  for  instance, 
in  the  coast  valleys  of  California. 

It  is  only  by  a  careful,  systematic,  and  scientific  development  of  beets 
suited  to  these  different  localities  that  we  can  expect  to  promote  in  the 
most  favorable  manner  the  development  of  the  beet  sugar  industry  in 
the  United  States.  It  is  evident  that  the  continuation  of  the  exi)eri. 
ments  which  have  been  conducted  b>'*the  Department  of  Agriculture 
for  so  many  years  in  the  analysis  of  beets  and  in  the  delimitation  of 
areas  suited  to  beet  culture  should  now  be  supplemented  by  a  more 
rigid  scientific  attempt  to  develop  beets  of  characteristics  best  suited 
to  the  four  typical  localities  which  have  been  specified  above.  The 
maintenance  of  a  small  experiment  station  entirely  competent  to  accom- 
plish this  work  in  each  of  the  localities  mentioned  would  not  require  a 
very  great  outlay  of  money  and  would  result  in  the  greatest  possible 
good  to  the  industry. 

STATISTICS  OF  AMERICAN  BEET-SUGAR  PRODUCTION. 

The  information  contained  in  the  following  table  has  been  obtained 
through  the  courtesy  of  the  beet-sugar  factories: 

Statistics  of  ike  production  of  beet  sugar  in  the  United  States  for  the  year  1S97, 

Nnmber  of  factories  in  operation 9 

Number  of  acres  of  beets  harvested 41, 272 

Approximate  average  price  paid  for  beets $4. 10 

Approximate  average  per  cent  of  sugar  in  the  bec^ts 14. 49 

Total  pounds  of  granulated  sugar  made 90, 060, 470 

Total  pounds  of  raw  sugar  made 431,200 

Granulated  sugar  obtained  per  cent  beets 11. 56 

Raw  sugar  obtained  per  cent  beets 0  06 

Total  sugar  obtained  per  ton  (2,000  pounds)  of  beets pounds. .  232. 4 
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Statistics  of  individual  factories  for  the  year  1897. 


Name  of  factory  and  location. 


Alameda  Sa^ar  Co.,  AlTarado,  Cal , 

Cbino  Valley  Beet  Sugar  Co.,  Chino.  Cal 

First  New  Y*ork  Beet  Sugar  Co..  Kome,  N.  Y. . . 
Oxuard  fieet  Sugar  Co.,  Grand  Island,  >:ebr  . . . 
Los  Alamitos  Sugar  Co.,  Los  Alamitos,  Cal  . . . 

Norfolk  Beet  Sugar'Co.,  Norfolk,  Nebr 

Pecos  Valley  Beet  Sugar  Co.,  Eddy,  N.  Mex  . . . 

Utah  Beet  Sugar  Co.,  Lehi,  Utah 

Western  Beet  Sugar  Co.,  Watsonville,  Cal 


Acres. 
4.808 
9,678 
700 
4,282 
2,800 
4,029 
1.600 
3,000 

10. 375 


'% 


.a 
5 


Tons. 
48.773 
97,197 
4,325 
38, 607 
29,542 
36, 113 
5,700 
18, 500 
110,878 


Total I  41,272  .389,635 


5 

H 

8* 


$4.00 
(a) 
5.00 
id) 
4.16 
<d) 
4.00 
4.25 
4.00 


a  .2 


Days. 
90 
151 

(d) 

105 
(d) 
38 
66 
104 


Per  ct 
14.20 
15.10 
(b) 

12.90 
15.73 
18.60 
14.00 
13.20 
15.00 


-ol 


Pounds. 

10,198,648 

24,303.122 
e  765, 700 
6.798.300 
6,017,900 
7.941.400 
1,020.000 
3,670,000 

29.776,000 


90,481,670 


a$3.50  ner  ton  for  12  per  cent  beets,  and  25  cents  per  ton  for  each  per  cent  above  12.  The  Chino  fac- 
tory employed  a  saccharate  process. 

b  Red  l>eets,  5^  to  12  per  cent  sugar;  white  beets,  13  to  17  per  cent  sugar.  Average  analysis  not 
reported. 

6431.200  pounds  raw  sugar  are  included. 

d  Not  reported. 

REMARKS  ON  THE  BEET-SUGAR  STATISTICS  FOR  1897. 

The  past  season  was  not  very  favorable  to  the  prodoction  of  beets  in 
several  localities  in  California  and  in  New  Mexico  and  Utah.  Insuffi- 
cient rain  in  California  at  the  time  of  planting  resulted  in  a  smaller 
acreage  being  planted  to  beets  and  in  a  small  yield  of  roots  per  acre. 
The  great  shortage  in  the  crop  reduced  the  quantity  of  sugar  produced 
in  California  below  that  of  the  previous  year,  notwithstanding  the  fact 
that  the  new  factory  at  Los  Alamitos  was  operated  and  that  at  Chino 
increased  its  output. 

The  first  New  York  beet-sugar  factory  was  somewhat  unfortunate  in 
the  varieties  of  beets  selected.  The  red  beets  contained  very  little 
sugar,  and  undoubtedly  decreased  the  output  below  what  it  should  have 
been  under  favorable  conditions.  The  white  beets  were  of  satisfactory 
sugar  content.  As  may  be  noted  by  an  examination  of  this  report  of 
the  experiments  made  in  the  State  of  New  York  during  the  past  sea- 
son, that  State  is  capable  of  producing  beets  of  very  g^eat  richness. 

The  shortage  in  the  output  of  sugar  is  to  some  extent  due  to  a 
decreased  acreage  at  Lehi,  Utah,  and  at  Watsonville,  Cal.,  these  two 
factories  liaving  a  larger  crop  in  1896  than  they  could  work  to  advan- 
tage. In  1896  the  factory  at  Watsonville  produced  nearly  20,000  short 
tons  of  sugar  from  approximately  150,000  tons  of  beets,  and  the  past 
year  14,888  short  tons  from  110,878  tons  of  beets.  The  total  produc- 
tion for  the  country  shows  an  increase  of  approximately  5,000  tons  in 
1897  over  that  of  1896.  The  increase  in  the  output  of  sugar  next  sea- 
son, should  more  favorable  conditions  prevail  in  California,  will  be  very 
large,  siuce  eight  new  factories,  having  a  daily  capacity  of  approxi- 
mately 6,700  tons  of  beets,  will  be  in  operation. 

The  outi)ut  is  reported  in  the  tables  in  pounds  of  granulated  sugar, 
since  but  one  factory  marketed  raw  sugar.  The  quantity  of  raw  sugar 
produced  does  not  materially  modify  tbe  statistics  of  the  production. 
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LETTER  OF  TRANSMITTAL 


U.  8.  DBPABTMBNT  op  AaBICULTUBB, 

Division  of  Ghemistbt, 
Washingtanj  D.  6\,  June  27^  1898. 

Sib  :  I  transmit  herewith  for  your  inspection  and  approval  the  mana- 
script  containing  the  results  of  our  investigations,  undertaken  at  your 
suggestion,  on  the  chemical  composition  of  the  carcasses  of  pigs  grown 
at  the  agricultural  experiment  station  of  Iowa. 

The  scope  of  these  investigations  has  extended  so  much  farther  than 
was  at  first  anticipated  as  to  render  the  results  thereof  worthy  of  pub- 
lication as  a  separate  bulletin  of  this  Division.  A  study  of  the  char- 
acter of  the  data  obtained  will  reveal  at  once  their  great  importance, 
both  from  a  scientific  point  of  view  and  as  a  basis  for  economic  studies. 

The  carcasses,  as  received  by  us,  represented  practically  only  those 
portions  of  the  whole  carcass  which  are  subjects  of  commerce.  The 
blood,  hair,  entrails,  heads,  kidneys,  and  kidney  fats  of  the  animals 
were  removed  before  they  were  transmitted  to  us.  The  data,  therefore, 
do  not  represent  the  composition  of  the  whole  animal,  but  what,  per- 
haps, is  of  equal  importance,  the  composition  of  the  animal  as  sent  into 
commerce  for  food. 

In  view  of  the  great  importance  of  investigations  of  this  kind,  I 
would  venture  to  suggest  that  when  the  facilities  for  work  in  the  chemi- 
cal laboratories  are  extended  by  the  completion  of  the  new  building 
now  in  course  of  construction,  it  would  be  well  for  you  to  direct  that 
further  studies  of  this  kind  be  undertaken.  It  would  be  advisable,  if 
IK>8sible,  that  in  studies  of  this  kind,  the  animals  be  slaughtered  at  or 
near  the  point  where  the  chemical  examination  is  to  be  made,  or  if  this 
be  not  convenient,  that  a  representative  of  the  Chemical  Division  be 
present  at  the  time  of  the  slaughtering  for  the  purpose  of  ascertaining 
the  quantities  of  blood,  hair,  and  excreta  from  the  different  animals  and 
obtaining  representative  samples  thereof  for  chemical  examination. 
I  have  the  honor  to  be,  respectfully, 

H.  W.  Wiley, 

Chief  of  Division. 

Hon.  James  Wilson,  Secretary. 
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CHEMICAL  COMPOSITION  OF  THE  CARCASSES  OF  PIGS. 


AHALTTICAL  WORK 

INCEPTION  OP  THB   INVESTIGATION. 

Following  instractioDS  received  from  the  Secretary  of  Agriculture, 
the  Division  of  Chemistry,  in  November,  1897,  undertook  a  study  of  the 
chemical  compositiou  of  the  carcasses  of  pigs.  These  pigs  were  grown 
at  the  Iowa  Agricultural  Experiment  Station  under  standard  condi- 
tions of  diet,  and  a  comparison  of  their  carcasses  reveals,  therefore,  the 
influence  of  breed  and  heredity  on  the  character  of  the  meat.  In 
the  following  correspondence  will  be  found  the  data  connected  with  the 
history  of  the  animals  before  they  were  delivered  to  the  Division  of 
Chemistry. 

CORRBSPONDBNCK. 

Experiment  Station,  Iowa  Agricultural  CoLLBGEy 

Ames,  Iowa,  October  8, 1897. 
My  Dear  Sir:  We  have,  as  you  are  aware,  a  very  interesting  and  instructive 
experiment  nearing  completion,  in  which  we  have  grown  carefully  selected  repre- 
sentatives of  six  of  the  leading  breeds  of  hogs  since  birth  in  lots  of  ten  each.  These 
pigs  are  now  weighing  nearly  200  pounds,  and  will  be  forwarded  to  market  for  the 
test  in  determining  the  relative  market  valne  and  the  results  in  slaughtering  and  on 
the  block,  and  the  meat  will  be  carefully  compared  and  rated  by  experts.  This 
experiment  includes  the  Poland  China,  Berkshire,  Duroc  Jersey,  Chester  White, 
Tamworth,  and  Yorkshire.  It  has  occurred  to  us  that  a  careful  and  exhaustive 
chemical  analysis  of  representative  carcasses  selected  from  each  lot  after  slaughter- 
ing would  be  a  valuable  feature  of  this  investigation,  and  I  write  to  know  if  the 
Department  of  Agriculture  can  not  cooperate  with  us  in  this  work.  We  will  gladly 
furnish  you  such  material  as  may  be  needed  and  in  any  form  desired.  I  will  be  glad 
to  hear  from  you  in  reference  to  this  point,  and  trusting  that  such  arrangements 
can  be  made,  I  am. 

Very  truly,  yours, 

C.  F.  CURTISS. 

Hon.  James  Wilson, 

Secretary  of  Agrteulture,  Wtiahingtan,  D,  C. 


Experiment  Station,  Iowa  Agricultural  College, 

Ames,  Iowa,  October  29, 1897, 

Mt  Dear  Mr.  Wilson:  Year  esteemed  favor  of  the  26th  instant  is  at  hand  and  I 

note  what  you  say  about  cooperation  of  the  Department  with  us  in  our  hog-feeding 

experiments.    The  final  weighing  of  the  pigs  will  be  taken  Monday,  and  they  will 

arrive  in  Chicago  Tuesday  morning.    I  have  arranged  to  place  them  on  exhibition 
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in  the  Coliseum  Building  <lnring  the  fat-stock  show,  and  will  take  them  to  the  stock 
yards  for  slaughter  and  block  tests  immediately  following.  After  the  carcasses  have 
been  cooled  down  I  will  have  a  committee  of  the  expert  meat  dealers  select  one  or 
two  representative  carcasses  from  each  lot  and  forward  to  Dr.  Wiley  for  investiga- 
tion. Probably  it  will  be  a  week  or  ten  days  before  the  carcasses  reach  Washington. 
Very  truly,  yours, 

C.  F.  CURTISS. 

Hon.  Jamks  Wilson, 

Secretary  of  Agriculture,  Washington,  D.  C, 


ExPBRiMKNT  Station,  Iowa  Agricultural  College, 

Ames,  Iowa,  November  13,  1897, 
Dear  Sir  :  Your  valued  favor  of  the  3d  instant  came  to  hand  while  I  was  in 
Chicago  having  the  slaughter  test  made  of  the  pigs  used  in  our  experiments.  Owing 
to  the  machinery  used  in  the  packing  house  where  the  hogs  were  killed,  it  was  not 
practicable  to  obtain  the  weight  of  the  hair,  and  the  blood  could  not  be  colIect'Od 
and  weighed  without  considerable  difficulty.  I  had  taken  this  matter  up  with 
Swift  &  Co.  before  receiving  your  letter,  but  was  obliged,  under  the  ciroumstauoes, 
to  omit  these  items.  The  weight  of  the  intestines  and  other  internal  organs  was 
obtained.  I  returned  this  morning  from  8U}>erin tending  the  block  test  yesterday, 
and  have  had  a  good  representative  carcass  from  each  lot  selected  and  cut  according 
to  the  prevailing  method  of  cutting  pork  for  the  American  market,  and  each  piece 
weighed  and  properly  tagged,  giving  commercial  n/imes.  I  think,  however,  that 
the  names  are  appended  only  to  one  set  of  outs,  but  yon  will  be  able  to  apply  these 
names  to  corresponding  cuts  of  the  other  carcasses.  I  have  directed  Swift  &.  Co.  to 
forward  this  material  to  yon,  including  all  scraps  and  trimmings  made  in  cutting, 
and  to  deliver  it  to  you  at  their  earliest  convenience.  They  stated  that  they  would 
probably  have  one  of  their  refrigerator  cars  leaving  for  Wtuihington  to-day,  and 
that  they  would  notify  you  upon  its  arrival  at  their  house  in  Washington  and  deliver 
the  pork  ujwn  your  order. 
Very  truly,  yours, 

C.   F.  CURTISS. 

Dr.  H.  W.  Wiley, 

Chief  of  Division  of  Chemistry,  Washington,  TK  C. 


BBEEDS  OF  HOGS  STUDIED. 

In  accordance  with  the  plan  outlined  in  the  above  letters,  on  Novem- 
ber 16, 1897,  Swift  &  Co.,  of  Ghi<iago,  shipped  to  the  Department  of 
Agriculture  the  carcasses  of  eight  pigs  which  had  been  slaughtered 
under  the  direction  of  Professor  Ourtiss.  These  pigs  were  of  the  fol- 
lowing breeds,  each  animal  beiug  desiguated  by  a  number,  which  is 
used  for  its  identification  throughout  the  following  pages: 

1,  Berkshire;  2,  Tamworth;  3,  Chester  White;  4,  Poland  China;  5, 
Duroc  Jersey;  6,  Duroc  Jersey;  7,  Duroc  Jersey;  8,  Yorkshire. 

On  the  receipt  of  the-animals  in  Washington,  they  were  immediately 
placed  in  cold  storage,  where  they  were  kept  until  they  were  removed 
one  by  one  for  the  purpose  of  dissecting  and  preparing  the  samples  for 
analysis. 

The  expert  labor  of  assistants  in  the  meat  markets  of  Washington 
was  secured  for  the  purpose  of  properly  dissecting  the  animals  and 
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separating  each  portion  as  carefally  as  possible  from  the  others.  The 
greatest  care  was  exercised  in  this  preliminary  work,  inasmach  as  the 
value  of  the  analytical  data  rests  largely  on  the  proper  preparation  of 
the  materials  for  examination. 

PBEPABATION  OF  SAMPLES  FOB  ANALYSIS. 

The  methods  of  preliminary  treatment,  together  with  the  methods  of 
chemical  analysis  employed,  are  detailed  in  the  following  pages.  Before 
leaving  Chicago  each  animal  was  cut  up  into  the  following  cuts,  the 
head,  leaf  lard,  and  kidneys  being  retained  in  Chicago: 

Two  American  clear  backs;  two  clear  bellies;  two  short-cut  hams; 
two  New  York  shoulders;  four  feet;  spare  ribs;  tenderloins;  neck 
bones;  back  bones;  trimmings,  fat  and  lean;  tail. 

These  cuts  were  all  weighed  on  leaving  Chicago,  and  again  in  Wash- 
ington just  preceding  their  analysis.  All  of  these  weights  appear  in 
the  accompanying  tables, pages  15  to  64.  The  weighings  in  Washington 
were  made  on  a  large  counter  scale  for  the  larger  cuts,  and  on  a  torsion 
balance  in  the  case  of  the  smaller  cuts.  The  cuts  were  then  separated 
into  the  following  x)arts:  Meat  (including  both  fat  and  lean),  bones, 
marrow,  skin,  spinal  cord,  tendons,  and  hoofs. 

Each  of  the  parts,  except  the  meat,  was  carefully  weighed,  and  the 
weight  of  the  meat  obtained  by  subtracting  the  sum  of  the  other 
weights  from  the  total  weight  of  the  cut  before  cutting  up. 

SAMPLES  OK  MKAT. 

The  meat  obtained  from  all  of  the  cuts  of  the  same  kind  in  each 
animal  was  passed  through  a  meat  chopper  two  or  more  times  in  order 
to  bring  the  sample  into  a  finely  divided  condition.  A  weighed  por- 
tion was  then  placed  in  a  weighed  casserole  or  evaporating  dish.  A 
glass  rod  was  also  weighed  with  the  casserole.  In  the  case  of  small 
samples,  as  the  tenderloins,  the  entire  quantity  was  tiiken ;  in  the  case 
of  the  larger  cuts,  from  400  to  600  grams  of  the  fresh  material  were 
taken  for  the  preparation  of  the  air-dried  sample.  After  the  removal 
of  these  portions  for  the  preparation  of  the  air-dried  sample,  duplicate 
portions  of  5  grams  each  were  weighed  for  the  direct  determination  of 
water  and  fat.  These  small  samples  were  placed  in  aluminum  dishes 
and  dried  in  vacuo  for  six  hours  at  105  degrees.  The  residues  were 
extracted  for  sixteen  hours  with  ether,  and  the  extracts  dried  in  an  air 
bath  at  100  degrees.  These  direct  determinations  of  fat  and  water 
were  used  as  a  check  on  the  data  obtained  in  the  preparation  of  the 
air-dry  samples.  The  larger  portions,  which  had  been  weighed  out  as 
described  above  for  the  preparation  of  the  air-dried  samples,  were  placed 
in  a  steam  oven  at  a  temperature  of  100  degrees  or  slightly  more  and 
heated  until  the  &t  had  thoroughly  separated,  when  the  fat  was  poured 
off  into  a  flask,  care  being  taken  not  to  pour  with  it  any  of  the  aqueous 
portion  of  the  meat  which  formed  a  layer  underneath  the  fat    After 
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as  much  fat  bad  been  poured  off  as  was  possible,  the  drying  was  con- 
tinued in  the  steam  oven  until  the  weight  had  become  approximately 
constant.  As  there  was  still  too  much  fat  contained  in  the  samples  to 
permit  of  their  being  powdered,  it  was  necessary  to  extract  them  with 
ether  before  proceeding  with  the  grinding.  The  extraction  with  ^ther 
was  done  in  the  following  way. 

Large  funnels  were  placed  in  hot- water  jackets,  and  in  the  funnels 
were  placed  filters  of  parchmentized  paper.  The  smooth  surface  of 
this  paper  greatly  facilitated  the  removal  of  the  insoluble  residue 
of  the  sample.  The  portion  of  fat  from  each  sample,  which  had  been 
poured  off  as  above  described,  was  first  passed  through  this  filter  and 
collected  in  a  weighed  fiask  and  its  weight  taken.  The  remainder  of 
the  sample  was  then  treated  with  ether  and  brought  on  to  the  filter  and 
the  washing  with  ether  continued  until  the  fat  was  sufficiently  removed 
for  the  sample  to  be  easily  pulverized  and  brought  into  proper  condi- 
tion for  subsequent  analytical  operations.  The  ether  solution  of  the 
fat  was  also  received  in  a  weighed  flask.  The  ether  was  removed  by 
distillation  and  the  residue  heated  to  constant  weight  and  weighed. 
There  was  considerable  annoyance  from  the  breaking  of  the  flasks 
containing  the  fat  while  on  the  steam  bath.  When  there  was  an  evi- 
dent loss  of  fat,  the  fat  determinations  were  recorded  as  lost.  Wben 
the  flask  was  discovered  with  only  a  slight  crack,  the  results  are  marked 
in  the  following  tables  with  a  (!)  mark.  The  portion  of  the  meat  on 
the  filter  was  returned* to  the  dish  which  had  previously  contained  it, 
and  was  again  dried  to  approximately  constant  weight  and  then  left 
exposed  to  the  air  for  at  least  twent^'^-four  hours  in  order  to  establish 
an  equilibrium  of  its  moisture  content.  The  weight  of  the  sample  was 
then  taken  and  recorded  as  the  air  dry  weight  of  the  material. 

The  difference  obtained  by  subtracting  the  sum  of  the  weights  of 
the  air-dry  material,  fat  obtained  by  pouring,  and  fat  obtained  by  ether 
extraction  from  the  original  weight  of  the  sample  taken  was  recorded 
as  the  weight  of  water  removed  in  the  preparation  of  the  sample. 
From  these  data  were  calculated : 

Percentage  of  water  removed  in  the  preparation  of  the  sample; 

Percentage  of  fat  removed  in  the  preparation  of  the  sample;  and 

Percentage  of  air-dry  sample  obtained. 

All  three  of  these  were  expressed  in  percentages  of  the  original 
material. 

The  air-dry  samples  were  then  ground,  so  as  to  pass  a  sieve  having 
circular  perforations  1  millimeter  in  diameter,  and  placed  in  closely 
stoppered  bottles. 

SAMPLES  OF  SKIN. 

The  portions  of  skin  obtained  from  each  cut  were  united  to  make  one 
sample  of  skin  for  the  entire  animal.  The  united  sample  of  skin  from 
each  pig  was  passed  through  the  meat  chopper,  and  the  finely  divided 
and  thoroughly  mixed  sample  was  treated  in  exactly  the  same  way  as 
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described  above  for  the  samples  of  meat.  The  samples  of  meat  from 
each  cut  were  kept  separate,  however,  while  only  one  sample  of  skin 
was  prepared  for  each  animal. 

SAMPLES  OF  BONES  AND  OF  MARROW. 

The  bones  from  each  cat  were  weighed  and  were  united  to  make  one 
sample  of  bones  from  each  animal.  They  were  then  chopped  up  into 
bits  about  1  inch  long  and  the  marrow  removed.  The  marrow  was 
weighed  in  a  tared  dish  and  treated  as  samples  of  meat,  except  that 
no  determinations  of  moisture  and  fat  were  made  in  the  original  mate- 
rial. The  fragments  of  the  bones  after  the  removal  of  the  marrow 
were  thoroughly  mixed,  and  about  half  the  total  quantity  was  weighed 
in  a  tared  dish  and  dried  to  approximately  constant  weight  in  a  large 
agate-ware  pan.  After  standing  for  from  twenty-four  to  forty-eight 
hours  exposed  to  the  air,  the  weight  was  again  taken  and  recorded  as 
the  weight  of  air-dried  bones  equivalent  to  the  portion  of  fresh  bones 
taken  for  the  drying.  The  sample  thus  obtained  was  passed  through 
a  bone  cutter,  such  as  is  used  for  poultry  food,  and  from  this,  500-gram 
X)ortions  were  weighed  and  treated  with  petroleum  ether  by  decanta- 
tion  for  the  removal  of  the  fat.  The  solutions  of  fat  were  very  difficult 
of  filtration,  hence  were  allowed  to  stand  for  some  time  for  the  almost 
complete  subsidence  of  the  solid  matter  contained  in  them,  when  they 
were  carefully  siphoned  off  and  evaporated  and  the  weight  of  the  fat 
contained  in  them  determined.  The  residues  were  again  dried  and 
exposed  to  the  air  for  the  establishment  of  the  equilibrium  of  moisture 
content,  and  again  weighed,  the  weight  obtained  being  recorded  as  the 
weight  of  the  air-dry,  extracted  bones.  The  samples  thus  obtained  were 
submitted  to  analysis,  and  the  determinations  made  are  recorded  below, 
all  percentages  being  calculated  back  to  the  original  material  by  use 
of  the  data  obtained  in  the  preparation  of  the  sample. 

SAMPLES  OF  SPINAL  CORD. 

The  spinal  cord  was  carefully  separated  from  the  backbones  and 
neck  bones,  and  the  material  thus  obtained  united  to  make  one  sample 
of  spinal  cord  for  each  animal.  This  sample  was  prepared  for  analysis 
in  the  manner  described  for  meats,  but  it  was  not  practicable  to  make 
a  direct  determination  of  fat  and  moisture  in  the  original  sample. 

SAMPLES   OF  TENDONS. 

It  was  not  practicable  to  separate  the  tendons  from  other  cuts  of  the 
animal  than  the  feet  and  legs,  that  is,  tbe  portion  sent  to  the  labora- 
tory under  the  name  of  ^^feet."  The  tendons  were  treated  in  the  same 
manner  as  the  spinal  cord. 

SAMPLES  OF  HOOFS. 

The  hoofs  were  separated  and  weighed.  In  some  cases  some  of  the 
hoofs  had  been  removed  in  the  process  of  slaughtering  and  dressing 
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the  animal.  In  these  cases  the  whole  weight  of  hoofs  was  corrected  for 
the  deficiency  by  using  the  average  weight  of  one  hoof  for  the  weight 
of  each  of  the  remaining  hoofs.  The  hoofs  were  weighed  and  dried 
in  the  steam  oven  and  then  left  to  assume  their  air-drycontent  of 
moisture.  They  were  then  ground  and  submitted  to  analysis  as 
described  below  for  the  other  parts. 

METHODS  OF   ANALYSIS  USED. 

On  the  samples*  thus  prepared  the  following  determinations  were 
made: 

Water,  fat,  ash,  total  nitrogen,  nitrogen  insoluble  in  hot  water,  nitro- 
gen soluble  in  hot  water  but  precipitated  by  bromin,  and  lecithin. 

For  the  determination  of  moisture  and  fat  2-gram  portions  were 
dried  for  six  hours  in  a  vacuum  oven  for  the  determination  of  water, 
and  the  residues  were  extracted  for  sixteen  hours  with  ether  for  deter- 
mination of  the  fat. 

For  total  nitrogen  duplicate  portions  of  one-half  gram  of  the  air- 
dried  sample  were  treated  by  the  Gunning  method. 

For  INSOLUBLE  PBOTEiD  NITROGEN  1-gram  portions  were  washed 
with  ether  by  decantation,  using  about  50  to  1 00  c.  c.  of  ether  for  each 
sample,  and  decanting  the  ether  through  filters  which  were  afterwards 
used  to  receive  the  portions  of  the  sample  insoluble  in  hot  water.  After 
allowing  the  ether  to  evaporate  the  samples  were  next  treated  with  hot 
water,  this  washing  being  also  by  decantation,  and  the  total  amount  of 
water  used  being  300  to  400  c.  c,  the  residues  being  brought  on  the 
filter  with  the  last  portion  of  the  water.  The  filters  and  residues  were 
then  treated  by  the  Gunning  method. 

The  filtrates  from  the  insoluble  portions  of  the  meat  were  received 
in  Kjeldahl  fiasks  and  were  used  for  the  determination  of  the  nitrogen 
PRECIPITATED  BY  BROMIN  (GELATiNOiDS).'  After  acidulation  with  two 
or  three  drops  of  strong  hydrocloric  acid,  about  2  c.  c.  of  bromin  were 
added  and  the  flasks  vigorously  shaken.  If  this  quantity  of  bromin 
was  all  taken  up  more  was  added  and  the  shaking  repeated  until  a 
globule  of  about  ^  c.  c.  of  bromin  was  left  in  the  flask,  and  the  liquid 
above  it  was  thoroughly  saturated  with  bromin.  The  mixture  was 
then  allowed  to  stand  until  the  next  morning,  when  the  supernatant 
liquor  was  passed  through  a  filter  and  the  residue  in  the  flask  washed 
by  decantation,  the  globule  of  undissolved  bromin  in  the  flask  saturat- 
ing the  wash  water  with  bromin,  so  that  it  was  unnecessary  to  use 
bromin  water  for  the  washing.  The  filter  containing  the  residue  was 
then  returned  to  the  same  flask  in  which  the  precipitation  had  taken 
place  and  treated  by  the  Gunning  method. 

The  percentage  of  nitrogen  in  the  form  of  flesh  bases  was  found 
by  subtracting  the  sum  of  the  numbers  representing  insoluble  nitrogen 


1  See  Appendix,  ysLgQ  79. 
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and  nitrogen  precipitated  by  bromin  from  the  number  representing 
the  percentage  of  total  nitrogen*  The  percentage  of  flesh  bases  was 
obtained  by  multiplying  the  percentage  of  nitrogen  in  that  form  by 
3.12.    For  the  other  forms  of  nitrogen,  the  factor  6.25  was  used. 

For  the  determination  of  lecithin,^  20  grams  of  the  material  were 
allowed  to  stand  for  twenty-four  hours  at  from  35°  to  40^  C.  with  200 
c.  c.  of  a  mixture  of  equal  parts  of  ether  and  95  per  cent  alcohol.  The 
material  was  then  filtered  and  the  residue  extracted  repeatedly  with 
the  same  solvent.  The  filtrate  and  washings  were  evaporated  to  dry- 
ness on  the  water  bath  in  a  platinum  dish.  The  residue  was  fused 
with  mixed  carbonates  (equal  parts  of  sodium  and  potassium  carbon- 
ates). A  little  potassium  nitrate  was  added  during  the  fusion.  The 
flux  was  dissolved  in  hot  water,  filtered,  and  the  phosphoric  acid  deter- 
mined in  the  filtrate  by  the  Kilgore-Pemberton  volumetric  method. 
The  lecithin  was  calculated  as  distearyl  lecithin,  which  contains  8.789 
per  cent  P205. 

RESULTS  OF  THE  DTVESTIGATION. 

BESOBIPTION  OF  TABLES. 

The  results  of  this  work  are  presented  in  the  accompanying  tables. 
The  first  fifty- six  tables  are  in  seven  groups.  Each  group  gives  in  a 
separate  table  data  for  each  of  the  eight  pigs  used. 

Table  1  shows  the  weights  of  the  whole  cuts  as  obtained  in  Chicago 
and  Washington,  results  of  the  direct  determination  of  water  and  fat 
in  the  meat  from  each  cut,  and  data  in  regard  to  the  preparation  of  the 
aii'-dry  sample  of  the  meat  from  each  cut. 

Tables  2  and  3  show  the  weights  of  meat,  bones,  skin,  etc.,  obtained 
from  each  cut,  the  total  for  the  whole  animal,  and  also  the  percentages 
of  meat,  bones,  skin,  etc.,  in  each  animal.  These  sheets  also  contain 
the  data  in  regard  to  the  preparation  of  the  sample  of  bones,  marrow, 
skin,  spinal  cord,  tendons,  and  hoofs. 

Tables  4  and  5  show  all  the  analytical  data,  including  the  data 
actually  obtained  on  the  air-dry  material,  and  also  the  corresponding 
data  expressed  in  terms  of  the  original  material. 

In  Table  G  the  analytical  data  have  been  collected  in  condensed  form 
for  convenience  of  reference.  • 

In  Table  7  are  presented  the  weights  of  water,  fat,  nitrogenous  sub- 
stances, lecithin  and  ash  in  the  meat  of  each  entire  animal,  and  also  the 
weights  and  average  percentages  of  each  of  these  substances  for  the 
entire  animal,  including  all  its  parts — meat,  bones,  skin,  etc.  These  data 
were  obtained  by  multiplying  the  weight  of  the  meat  from  each  cut  by 
the  percentage  of  each  one  of  the  constituents,  finding  the  total,  and 
dividing  by  the  number  representing  the  total  weight  of  the  meat  of  the 
entire  animal.   The  same  method  was  employed  for  the  bones,  marrow, 

>  Principles  and  Practice  of  Agricultural  Analysis,  Vol.  Ill,  p.  430. 
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skin,  etc.  Thus  there  were  obtained  the  total  weight  of  water  for  each 
animal,  total  weight  of  fat,  etc.  These  total  weights,  divided  by  the 
weight  of  the  entire  animal,  gave  the  average  percentages  of  the  various 
constituents  of  the  entire  animal. 

In  Tables  8  A  to  8  K,  have  been  placed  the  data  which  show  the 
chemical  composition  of  the  meat  of  each  cat  of  each  pig. 

In  Table  9  has  been  placed  the  average  composition  of  the  meat  of 
each  animal. 

Table  10  contains  similar  data  for  the  bones  of  each  animal,  Table  11 
for  the  marrow.  Table  12  for  the  skin,  Table  13  for  the  spinal  cord, 
Table  14  for  the  tendons,  and  Table  15  for  the  hoofs.  In  Table  16  will 
be  found  a  r6sum6  of  the  weights  of  each  cut,  and  also  of  each  entire 
animal,  as  found  in  Chicago  and  found  in  Washington,  the  results  being 
stated  in  both  grams  and  pounds. 

Table  17  shows  the  percentages  of  each  of  the  parts  for  each  animal, 
stated  in  percentages  of  the  entire  dressed  animal,  less  the  head,  leaf 
lard,  and  kidneys. 

Table  18  shows  the  proportion  of  water,  fat,  nitrogenous  substances, 
lecithin  and  ash  in  each  of  these  animals,  stated  in  percentages  of  the 
entire  dressed  animal,  less  the  head,  leaf  lard,  and  kidneys. 

There  is  one  obvious  omission  in  the  data  presented  in  the  tabulation 
just  described.  The  absence  of  any  information  in  regard  to  the  man- 
ner of  the  feeding  of  the  pigs  has  made  it  impossible  to  group  them 
properly  and  make  proper  averages  of  the  percentages  of  the  various 
constituents  in  the  animals  which  have  received  the  same  rations  and 
other  treatment  previous  to  their  slaughter.  This  missing  data  will  be 
found  in  the  forthcoming  full  report  of  Professor  Curtiss,  of  the  Iowa 
Agricultural  Experiment  Station,  which  should  be  consulted  with  the 
data  herewith  submitted. 
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Tabus  No.  4. — Ana 


PIG  No.  1.— BERKSHIRE. 


10.95| 

0.28, 

'■" 

9.97 

0.59' 

,..] 

10. 36 

i 

0.62 

! 

2.05 

1 

8.54 

1 

1.11' 

3.44' 

10.56 

0.98 

1.91 

1.68 

4.80' 

1.82! 

4.30 

1.33; 

4.02 

2.I7I 

1 
1.20, 

5.59 

1.16| 

4.23 

1.98' 

1 

4.41 

PIG  No.  2.— TAMWORTH. 


16606 

I 

16698 

1670ol 

I 
16702J 

16704 
17149 

10706 

16708 
17131 

16709 
17164 


2  American  clear  backs 

2  American  clear  bellies 

2  abort-out  hams 

2  New  York  sboulders 


4  feet 

(Fat  extracted  with  ether). 


I  i           I           I 

10.48  3.46   12.22   12.61  8.74 

12.12  4.27,  14.91   12.44  9.19 

19.99  5.38     8.79|  12.92*  10.41 


I 


Spareriba 

Tenderloins 

(Fat  extracted  with  etber). 


Neok  bones 

(Fat  extract«d  with  ether). 


20. 36     3. 54 

23. 85     6. 24 
15.50  ... 


19. 67     5. 40 

24.]2|    4.74 
11.49... 


20.95 
19.43 


5.44 


19.93   11.44     8.86 

4.59*  14.04     7.81 
, I    0.16 


8.51    12.75     9.38 

8.38   12.92   11.87 
'    0.22... 


6.49   13.36  10.24 
I    O.I4L., 


1.08     2.79 

I 
0.86     2.39 


0.50     2.01 

I 
0.70;     1.88 


I  .J 


2.25     3.98 


1.06     2.81 
I  I 

0.37     1.18     1.46 


0.96'    2.14 


X.. 

4.06 

1.23 

8.90 

1.11 

4.22 

1.20 

8.86 

1.57 

3.60 

0.87 

1.27 

4.75 

1.46 

4.40 

2.98 

1.24 

4.88 

2.91 

Digitized  by 


Google 


35 


lytical  data  for  meats. 


PIG  No.  1.— BERKSHIRE. 


Per  cent  0 

riginal  material. 

Water. 

Fat. 
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Nitrogen. 

Nitrogenous  8ub- 
Btances. 
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52 
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ce  g 

1 

s 

1. 

p^       0 

i 

1 

i 

!       i         1 

31.86  0.41   32.27   54.98 

2.71 

57.69 

0.15 

1.49 

1.121  0.08 

0.29 

1 

7.00   0.50 

0.91 

8.41 

0.51 

(  98.46 
\   98.88 

36.82 

0.45'  37.27 

48.84 

3.09 

51.93 

0.14 

1.60 

1.12 

0.09 

0.39 

7.00   0.56 

1.22 

«-^«  «M  S?:.^J 

60.47 

0.95|  61.42 

16.58 

3.54 

20.12 

0.25  2.72 

2.24 

0.11 

0.37 

14.00   0.69 

1.15 

16.84   0.96l{   ^-28 

0.40 

0.04 

0.65 

1 

53.64 

0.41 

54.04 

28.71 

0.37 

29.08 

0.15 

2.43 

1.80 

0.13 

0.50 

11.25   0.81 

1.56 

13.62   0.89{   ^«;g 

59.66 

1.62   61.28 

15.24 

1.59 

16.83 

0.20 

3.45 

1.95 

0.75 

0. 75   12. 19  4. 60 

2.34 

19.22   0.82'{  ^-^ 

! 

0.41 

0.02 

'■ 

1 

, 

0.61 

51.78 

0.76,  52.64   27.39 

1.71 

29.10 

0.35'  2.71 

2.15 

0.18 

0.38 

13.44   1.13 

1.19 

15.76;  1.00 

/   97.14 
\   98.40 

66.67 

1.39   68.06 

6.21 

2.57 

8.78 

0.49   3.39 

-  2.97 

0.08 

0.34 

18.56  0.50,  1.06 

=»-V-"{^'3 

54.25 

1.45'  55.70 

25.73 

2.19 

27.92 

0.27,  2.45 

1.99 

0.12 

0.34 

12.44   0.75 

1.06 

14.25 

0.8l(  SJ-SS 

1 

0.41 

0.04 

* 

0.68 

52.08 

0.75  52.83   25.69 

1.53 

27.22 

0.26 

2.90 

2.30 

0.14 

0.46 

14.38 

0.87 

1.44 

16.69 

!•«{  S?:1S 

29.11 

0.86  29.47   61.17   0.81 

1 

61.98 

0.11 

1.27 

0.83 

0.11 

0.33 

5.19 

0.69 

1.03 

6.91 

0  .Jr  99.00 

"•**i\  98.77 

23.64 

... 

24.02 

67.62 

0.61 

68.23 

0.17 

1.17 

0.92 

0.09 

0.16 

5.75 

0.56 

0.50 

6.81 

ft  ,0' f  100. 44 
^•^M   99.45 

PIG  No.  2,— TAMWORTH. 


!     I      '      I     I 

4L48'  0.36'  41.84   48.04   1.28   49.32 


33.17  0.52  33.69   54.71    1.81 


1 1.76 


58.39 


56.52 


I  I 

0.13   1.32 

0.15    1.51 


0.92   0.11 
1.12  0.10 


0.72 ,  4.06,. 


1.49 


48.12 
64. 


59.88!  17.76   1. 


1.08  49.2o|  32.211  1.67 
1.14  65.52   11.49   2.02 


54.38:  1.14 


53.62,  24.67   1.1 


I 


0.22   2.58     2.08   0.10 

0.24  2.33     1.80  0.14 

18.85;     O.37I  3.35'     1.86|  0.54 
0.14'  0.03 L. 


33.88 
13.51 


26.03 


0.51 
0.25 


2.51     1.851  0.21 


0.35'  3.12!    2.74'  0.09 


0.56 


0.91 
0.26 
0.57 


0.83 


2.80     2.14   0.21 
0.03 1 


0.29'    5.75  0.69'  0.91|     7.35 

0.29,     7.00  0.63'  0.91     8.54 

0.40   13.00)  0.63   1.25   14.88 
i  I 

11.25  0.87i  1.19,  13.31 


0..S8 
0.95 


11.63i  3.38   2.96'  17.97 


0.45 
0.29 


11.56   1.31    1.40   14.27 


0  '/  98.67 
"•*^l\  98.94 
jj  'riOO.81 
"•*M   99.22 

0.84'{»8-10 

o.7»'|"7i:i5 

"•^\   97.56 


0.93 


84.57 
98.28 


0.45 


17.13   0.56'  0.9l|  18.60   l.OO/  J^'^ 
13.38|  1.31    1.401  10.09    1.02/  If^ 


<In  this  column  the  totals  obtained  by  both  the  direct  and  the  indirect  determination  of  water  and 
fat  are  given.  The  upper  number  in  each  case  was  obtained  by  use  of  the  results  of  direct  determina- 
tions of  tbeee  constituents;  for  ihii  lower  number  in  each  case  tlie  results obtaine4l  during  the  prepar- 
ation of  the  sample,  and  in  the  analysis  of  the  dry-air  sample,  were  used.  Lecithin  is  not  included  in 
the  totals  given  in  this  table. 


Digitized  by 


Google 


36 


Tablk  No.  L—Ana 


PIG  No.  2— TAMWORTH— Continued. 


©1- 


Names  of  cuU. 


.•3      1 


16711    Baoklmueii. 

I 
16713   Trimmings. 

TaU 


B  a 


Per  cent  air-dry  material. 


Nitrogen. 


I  25 


eg 


J 


32     51 

I      €..«         —   2 


aterial. 

1 
1 

1     ^ 

^ 

16715 


30.98     6.59,     G.36    12.95:  10.44     0.68      1.83 

III 
10.53     4.83,  14. 6l'  12.41     8.08     1.24     3.09 

I       :       I       I 

9.53     4.83   20.15   10.90     7.13     1.15     2.62 


1.19  5.25 
0.98  4.05 
1.09,    3.15 


PIG  No.  3.— CHESTEU  WHITE. 


16009 
16611 
16613 
16615 
16617 
16619 
16621' 
16622 
16624| 
16626 
16628, 


2  American  clear  backs.. 
2  American  clear  bellies . 

2  sbort-cut  hams 

2  New  York  shoulders... 

4  feet 

Spareribs 

Tenderloins 

Neck  bones 

Backbones  

Trimmings 

Tall 


1 
10.09 

2.18 

22.71 

10.17 

-.1 

0.73 

2.32 

1 
1.23 

1 
3.47 

9.81 

2.23 

8.75 

13.20 

8.82 

1.01 

3.37 

0.85 

4.31 

24.30 

2.65 

32.10 

10.34, 

7.34' 

0.42 

2.58 

1.42 

3.28 

17.75 

9.86 

12.01 

u.(»! 

1 

8.50 

0.78 

2.41 

1.57 

4.01 

20.71 

4.00 

3.32 

14.21 

7.64, 

4.02 

1.65 

0.93 

4.08 

26.69 

2.95 

26.47 

10.67 

8.17 

0.52 

1.98 

1.04| 

3.45. 

25.88 

3.89 

16.65 

11.88 

10. 32 

0.27 

1.20 

1.55' 

4.09 

19.30 

2.79 

9.24 

12.89 

10.1l| 

0.59 

2.19 

1.28 

4.51 

19.39 

1.88 

5.53 

13.73 

11.06 

0.48 

2J50 

1.19, 

5.43 

7.20 

3.87 

13.38 

11.99 

7.16 

1.15 

3.68 

0.99' 

4.29 

5.65 

3.78 

..uj 

13.29 

1 

8.42 

1.25 

'-1 

1.33 

... 

PIG  No.  4.— POLAND  CHINA. 


16638 

16640 

16642 
16644 
17152 

1664C 

16648 

16650 

16651 
17103 

16653 
16655 
1665' 


2  American  clear  backs 

2  AiiuTicaii  dear  bellies 

2  short-cut  hams 

2  New  York  shoulders 

(Fat  extracted  with  ether)  a  . 


9. 68     3. 21 


9.43 
17.00 


4  feet. 


4.26 

4.79 
15.28 


19.57 


7.2 


12.10     8.50     0.93     2.67. 


16.05 

5.34    13.23,    8.14     1.091    4.00|  1.31 

6.38;  13.23,  10.07  0.75  2.4l|  1.33' 
8.00!  11. 34!  8.62  0.68  2.04  1.45, 
I    0.09 2.03 


0.59 


Spareribs 23.03,    4.83   16.65 


Tenderloins 

Neck  b«iiies 

(Fat  extracted  with  ether) . 


14.01     9.02     3.42     1.57     0.77. 
11.71     6.99     0.42     4.30     1.33 


26.80     5.88    13.40   11.85!  10.53     0.41     0.91 


Backl)ones  . 
Trimmings. 
Tall 


19.37 
20.67 

21.21 
8.05 
6.41 


I 
5.96,    8.89,  12.27|    8.46     0.93!    2.88 


0.24  . 


1.45 
0.89 


1.36. 


3.68   12.07    12.42     9.77     0.02     2.03*    1.21 
3.54   21.29   10.98     7.39     0.87     2.72     0.80 


3.89 

4.53 

4.48, 

4.07i 

1 

4.64 
4.11 
4.22 
4.7l' 


4.95 
3.91 


5.48     5.211  13.23|     8.61      1.32     3.30     1.19     4.90 


I 


a  Fat  extract  lost. 
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lytical  data  far  meal«— Continued. 

PIG  No.  2.-TAMWORTH-Contiiiued: 


Per  cent  original  material. 


Water. 


§ 

c  . 
«  Pi 

P« 


t-^ 


Fat. 


49.68|  1.38   51.06 

28.341  0.51    28.85 

!        I 
25.31   0.46   25.77 

I  I 


to 

2        -3 


29.34  1.33 
61.13  1.54 
65.16   1.921 


Nitrogen. 


2-2 

5-  ■- 


al 


Nitrogenous  aab- 
stancea. 


11 


I' 


1 
30.67     0.25 

2.72 

2.19 

0.14 

0.39 

13.69 

62.67     0.10   1.31,    0.85 

0.13 

0.33 

5.31 

67. 08     0. 10 

1.04 

0.68 

0.11 

0.25 

4.25 

. 

J 

M 

•^ 

^ 

M 

o 

^ 

0.87 

1.22 

0.81 

1.03 

0.69 

0.78 

I 


16.78 
7.15 
5.72 


i.io:| 

0.43/ 

ij 

0. 30 1 


97.66 
98.61 
101. 30 
99.10 
97.14 
98.87 


PIG  No.  3.-CHESTER  WHITE. 


71.88 
30.32 
52.51 


52.44 
64.96 
62.96 
50.03 
22.21 


7   T 


0.22   72.10    18.02   2.29 
0.22   30.54   59.87   0. 

23.19   7.80 

'  2.13 

I 
0.69 


J, 


0.64    53.15 

1.75 ! 

0.83 

0.79  53.23 

l.Oli  65.97 

I 

0.64   53.50 


■     I  I 

20.87   7.06 

9.16*  4.31 

I  I 

27.741  1.78 


20.31 
60.73 
30.99 


27.93 
13.47 
29.52 


0.12 
0.08 
0.35, 
0. 28 
0.19 
0.28 
0.40 
0.25 


1.03 
1. 


I      I     I 

-     0.72i  0.07   0.24 
'  I 

0.871  O.lOi  0.33 


4.50 
5.44 


0.36,  50.39   30.68 

I  ! 

0.28  22.49 
0.21 


1.07 


2. 51      1. 78'  0. 10  0. 63   11. 13 

0.14  0.43     9.44 

I  I 

1.02  0.34     9.88, 


2.08' 

1.61 

2.94I 

1.58 

2.85 

2.18 

3.07 

2.67 

2.49 
2  66 

1.95 
2.14 

0.14   0.53 

I 
0.07|  0.33 


13.63 
16.69 


0. 12   0. 42   12. 19 
0.09   0.43!  13.38. 


70.59   0.96, 
I  0.52! 


31.65  0.23| 

71.55  0.07,  0.87  0.62   0.08  0.27!    3.26 

0.08'  0.75;  0,48  0.07   0.20     3.00 

!  I      I       I      I      ■ 


0.44 
0.63 
0.63 
0.87 
6.38 
0.87i 
0.44 
0.75 
0.56 
0.60 
0.44 


0.76     5. 
1.03    7. 

1.97    13. 
1.34    11. 


n  oJf  99. 92 
^'^\\   98.45 

^y-H{^:79 

73|0.80{   «J;J3 


65,  0.71 


1.06,  17.32  0.84{ 
15,  0.92/ 


J 


1.65  16.: 
1.03|  18.1 
1.31  14.: 
1.34   15.2 


99.14 
97.' 95 
97.67 


16 
25^ 
28 
69 
0.62     4.06: 


0.84 


4.e 


I I 


PIG  No.  4.— POLAND  CHINA. 


29.22 
30.38 
63.97 


0.31  29.531 
0.40'  30.78, 
0.81  54.78 
51.72 


61.  lU 
60.19 
29.03 


1.55 

62.65 

0.60 

60.69 

1.09 

30.12 

33.74 

0.12 

31.32 

3.83 

26.27 

0.1^ 


1.17 
1.25 


0.23   2.25^ 
0..30    1.65 


0.82   0.09 
0.77   0.10 


1.25   0.10 


0.26 
0.38 


0.30 


1  mJ  97.94 
^•*^l\  98.66 
Qg-f  96.35 
"•*",\  98.14 
,  (.Jf  98.18 
^•^^\  98.37 
/ 100. 11 
\  98.94 
99.65 


0.31 
0.24 


6.13   0.56   0.81>    6.50 

ill' 
4.81    0.63'  1.19     6.63 

t  I  I 

10.69  0.81    1.28,  12.78 

7. 81 '  0.631  0.94     9. 


o-38'{  ^:^ 

(  98.00 
\   98.44 


0.76 


38  0.59/ 


95.43 


49.23   1.43|  50.66   31.20 

65.53   1.11    56.64   22.44 

65.85   1.58   67.43'     7.36 

i 
54.08   1.16   55.23  26.55 


0.15   2.74 
0.31;  2.70 


1.76   0.67   0.31 
1.61    0.10   0.99 


11.001  4.19,  0.97;  16.16 


3.59    10.96     0.39   3.18 

1.72   28.27     0.17   2.38 
...'    0.28   0.05. 


48.65  0.78<  49.43  30.14 

;       I        I 

22.14,  0.29  22.43   69.81 

16.15,  0.35    16.50  77.44 


2.82   0.11 
1.64'  0.18 


0.25 
0.56 


10. 06 

17.63'  0.69 
10.25  1.13 


ri 


98.36 
99.05 


0.46 


2.66 
1.71 
0.33 


32.70  0.27  2.631 

I  I        ! 

71.62  0.06  0.88 

77.77,  0.08  0.85. 


2.07  0.13  0.43 
0.59  0.07  0.22 
0.55   0.091  0.21 


12.94; 
3.69, 

3.44 


0.81 


3.00   13.78 
0.78   19.10 


1.75   13.13 


07.64 


1.34 


0.44'  0.69 
0.56,  0. 


0.95'{  11^ 


6i 


15.09 


4.66,  0. 


/  98.38 

\  98.27 

J;  99.29 

'\  99.09 
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Tablk  No.  i.—Aua 


PIG  Ko.  5— DUROC  JERSEY. 


Niune«  of  cuts. 


16579 
16581 


2  American  clear  backs. 
2  clear  bellies 


to 


Per  cent  air-dry  material. 


t 

i 

1 

II  tJ  1 

9.37 
11.71 


9.60  24, 
3.05  28. 


48   10.47 
08   10.39 


6.76     0.81. 
6. 84     0. 8o! 


2.90 
2.75 


0.82     3.14 
0.83     3.57 


16583 

2  short-cut  hams 

21.39 

3.48 

5.21 

3. 21 

1 

32.93, 
4.39 
7.88, 

11.30 

7.75 
13. 82' 
12.47 
12.92, 

6.25 
10.11 

6.97 
10.14 

0.73 
0.83 
1.52 
0.56 

0.77 
2.88 
3.98 
2.22 

0.16 
0.53 

3.31 

16585 

2  New  York  shoulders 

4.57i 

16587 

4  feet 

23.36 

S.27 

16589 

j 

Spureribs 

....        22.23 

4.67 

16591| 

Tenderloins 

....        28.54 

4.23 

18.53 

ll.(19j 

10.25 

0.22 

1.22 

1.22 

39& 

16592> 

Nock  bones 

1      19. 46 

3.«| 

3.44 

1 

7.68 
12.41 

13.20 
12.ft4' 

10.28 
10.08 

0.61 
0.50 

2.31 
2.06 

1.05 

4.85 

16594 

Backbones 

.....      25.W 

4.75 

16596 

Trimmings 

6.80 

3.98 

1 

10.90 

12.77 

7.66 

0.95 

4.16 

1.14 

4.38 

16508 

i 

Tail 

....1        4.70. 

4.37 

13.88 

12. 19* 

1 

6.85 

1.10 

4.21 

1.39 

4.30 

PIG  No.  6.-DrR0C  JERSEY. 


16725   2  American  clear  backs 

17133    (Fat  oxtracU^d  with  ether) . 


16727   2  clear  belli»-H 

17134   (Fat  extractfxl  with  ether) . 


16729 
16731 

16733 

17142 

I 

1 

16735' 

1G737 

16738, 

16740 

16742 

I 

16744, 


2  short  cut  haras 

2  New  York  shoulders 

4feet 

(Fat  extraotod  with  ether). 


Spareribs  ... 
Teuderloius. 
Neck  bones . 
Backbones  .. 
Trimmings.. 
Tail 


6.99! 

6.75 

6.71 

12.89 

8.59 

1.07 

3.23 

0.97, 

4.17 

20. 65' . 

! 

0.13 
11.79 

O.59I. 
0.97 

i 
8.30 

1 

4.96' 

16.65 

8.44 

1.04 

2.31 

2.59, 

6.17 

1 

0.09 
12.75 

0.51. 
1.28, 

1 
27. 63 

1 
5.49 

8.95 

10.05 

0.73 

1.97 



4.76| 

12.91 

6.68| 

5.39 

13.09 

9.30 

1.12 

2.67 

0.92; 

6.53 

21.84 

7.68 

6.72 

13.23 

7.72 

2.11 

3.40 

0.74 

3.44 

16.13 

0.12 

1.15 

1 

22.09 

5.79 

11.79   12.27 

9.89 

0.80 

1.58 

1.51 

4.96 

26.77 

5.67 

14.63   11.77   10.35 

0.38 

1.04 

2.09     3.93 

17.37 

6.02 

3.11    13.59   10.77 

0.89 

1.03 

1.61     4.B8 

21.13 

4.99 

11.98   12.27 

9.08 

0.82 

1.77 

1.69 

4.^. 

5.85 

3.96 

15.48   12.19 

8.44 

1.07 

2.68 

L15 

4.18 

6.37 

0.12 

23.97   10.70 

7.53 

1.11 

2.06 

0.92 

'•"1 
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IgHcal  data  for  meats — CoQtinued. 

PIG  No.  5.-DUBOC  JERSEY. 


Water. 


i  ^ 

•  a 

,  I.  « 

ft  I 


Fat. 


,  28.77 


I      II 

a   .   K    . 

g,ft  i-^-c 
ft      I 


I 


53.37 

53. 3K 

65.34 

51.71 

I 

47.88 

19.81 

11.33 


91 

36  29. 13 

t 
7-1   50.45 

44.16 

54. 59 

54.09 

I 

66.55 

52.48 


59.52 
28. 90' 


I 


2.29 
3.31 
7.04 


62.83 
35.94 
43.74 


23.27 
24.39 
6.12 
28.83 


Per  cent  original  material. 

I 
Nitrogen. 


NitrogenoQs  sub- 
stancea. 


11  jSl 
ft «  ,  § 


1^ 

.2^ 


•3    '  -e 


1.84   25.11... 


0.08 
0.10 

0.98 
1.'22 

0.03 

1.06 

0.10 

1.67 

2.91 

I 


27 


1.21 


20.08! 
11.54 


J  ^  ,J 
J 


I 


I  I  I 


I 
0.20  2.57 


2.51   26.90     0.12,  2.87 

I        I  : 

5.29   11.41      0.35:  3.34 

I 
1.48   30.31 

I 
0. 80  48. 77 i  20. 18'  3. 22   29. 40 

t 
0.74   74.13 

83.97   0.65,  84.62 


0.63  0.08     .27 

0.81   0.09   0.32 

.  I 

1.34   0.16  0.16 

1.22   0.10   0.35 

l.63|  0.: 

I 
2.25  0.: 

2.93  0.( 


I 


0.93, 


0.41 
0.08 
0.07 


3.28 
0.87 
0.57 


2.00 
2.62 
0.52 
0.32 


0.40 

06  0.35 

12  0.45 

13  0.53 

07  0.28 
05   0.20'| 


3.94  0. 

5.06  0. 

8.38    1. 

7.63,  0. 

10.  W  2. 

I 
14.06  0. 


50  0.84 

56  1.00 

I 

00  0.50 

63  1.09! 

19  2.90 

81  1.53 


I 


18.31  0.38   1.09 

I  I 

12.50  0.75    1.40 

16.38  0.81    1.65 

3.25'  0.44    0.87 

2.00,  0.31   0.62 


6. 

0.88 

9.35 

15.28 

16.40   1. 

19.78   1. 

14.65  0. 

18.84'  1. 

I 
4.56  0. 

2.93  0. 


29j  «»-^7 

*n>  99.00 

71  5  95.89 

'^>  96.98 

S  97.80 

(  96.' 39 

>  95.74 

S  98.41 

)  98.43 

5  98.86 
98.88 


94, 


1^ 


98.03 


\l    98.38 

li  102.50 

1.24 


23^ 

^Js  98.89 

•^1^  99.07 

onlN  W.46 

^^\}  99.29 


PIG  No.  6.-DUR0C  JERSEY. 


19.85  0.47   20.32  73.16 


I  I 

0.47,  73.63     0.08 


0.90     0.60   0.07   0.23     3.75 


34.11   0.41,  34. 52!  57.50 


35.74| 

38. 61 1 
50.16 


I 


0.12   0.03'. 


0.  20 
1.38  58.97     0.08 

i I   0.0*1 


0.98     0.70  0.09 
0.01 1.. 


37.26, 
39.46 
51.84 


48.56 
62.34 
48.25 
26.09 
16.28 
13.93 


36.63 

48.48 

I 

28.00 


'     I  0.12 
2.47  39.10  0.35 


I 


0.19 


4.38 


0.44  0.72 


0.56  0.59 


4.91  0.29 


/ 100. 03 
\  99.15 


5.53  0.22 1 


3.52  2.78  0.20  0.54  17.38  1.25  1.69 

0. 70'  49. 18  0. 12'  1.  69   I.  20'  0. 15  0.  34'  7. 50  0. 94;  1. 06'  9. 50 

I        >        !  I 

0.46  0.74  10.56  2.88  2.31 


•-U:.2  1.32{'»»:2S 


80.36 
99.24 


1.47  29.47  0.16 

,....1 1  0.19! 


2. 89  1. 6 
0.02 


49.84 
63.86 
49.30 
27.14 
16.51 
18.94 


:        I         i   0.35        I 

29. 35I  2.60'  31.95     0.33   2. 7l'    2.18   0.18   0.35 


J  ..  .J  , 


i;0.84{ 


63   1.13    1.09 
31    0.63   0.87 


9U.  62 
98.98 
/  98.14 
I   97.81 


10.89  3.92  14.81  0.56   3.15     2.77   0.10   0.28 

34.38  0.54  34.92  0.28   2.36     1.87   0.15   0.34   11.69   0.94    1.06 

52.78  2.53  55.31  0.36 

77.8V  0.91  78.78  O.O7' 

79.70  1.53  81.23  0.06 


2.59 

2.05 

0. 171  0. 37 

1 

12.81    1.06 

■ 
1.15, 

0.71 

0.49   0.06  0.16 

3.06   0.38   0.50 

0.68 

0.48 

0.07 

0.13 

3.00   0.44 

0.41 

15.85  l.W{  »«_«« 
18.81  1.05{  »J  g 
13.99   0.87,{   »J;»J 

3.«0.25{'0J:J? 
3.85  0.2:  {>0«;g 
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Table  No.  i.—Ana 


PIG  No.  7.-DUR0C  JERSEY. 


16754 
17155 


16756 
17156 


16758 
17158 


16760 
17137 


16762 
17141 


16764 
17154 


Names  of  cuts. 


2  American  clear  backs  .... 
(Fat  extracted  with  ether) . 


2  clear  bellies 

(Fat  extracted  with  ether) . 


2  short  cut  hams 

(Fat  extracted  with  other) . 


2  New  York  shoulders 

(Fat  extracted  with  ether) . 


4feet 

(Fat  extracted  with  ether) . 


Sparerihs 

(Fat  extracted  with  ether) . 


16766   Tenderloins. 


16767 
17145! 

16769 
17144 

16771 
17139 
16773 

17138: 


Neck  bones 

(Fat  extracted  with  ether) . 


Backbones 

(Fat  extractoil  with  ether) . 


TrimmiiigB 

(Fat  extracted  with  ether) . 

Tail 

(Fat  extracted  with  ether) . 


Per  cent  air-dry  material. 


•fe'C 

-I 

S  a 

J. 
5 


ee 


7. 39     8. 67 
20.82... 


21.18 


5.29 


14.73     8.23 
24.80... 


14. 00     6. 28 
26.49 


I 


Nitrogen. 


I 

12.48|  12.24 
, ;    9.05 


15.79   12.44 
0.06 


2.11    13.11 
'    0.14 


1! 

>> 

.0 

-s^ 

g  fl 

B^ 

S:^ 

r, 

c-' 

^ 

8.85 

1.16 

9.12'     1.18 


10.89     0.95 


o 

2.23 


2.14 


1. 38     3. 92 
1.83'... 


1.52^    4.29 
3.28... 


1.77 


1.25     4.44 
1.09... 


8.25'  12.58 

I  I 

0.11' 


9.72     1.00     1.6 


21.46 
18.12 


21.77 
20.12 


20.76 

20.09 
22. 72 


22.45 
20.33 

7.35 
18.10 

5.94 
27.46 


6.13,    6.39   13.48 
0.11 


9.24 


1.94 


1.66     6.13 
1.38  ... 


0.84     3.63 
1.00... 


1      I 


5.46     5.94^  13.14 
[    0.07 


I 


I 


10. 72     0. 80     1. 62 

i '..., 


1.67     4..64 
2.35|..- 


4.35     9.84   12.58   11.32     0.38     0. 
5.65     9.79   11.74     9.83     0."«9     1.02 


0.14 


4.89  11.19   12.33 
I I    0.12 


5.88   13.23  11.97 

' 0.09 

5.00   18.81  11.24 

-I 0.00 


T 


9. 87     0. 75     1. 71 


1. 55     4. 16 

1.23:    4.69 
1.30'... 


7.30 
7.65 


1. 26     4. 55 
0.77... 


1.42'    3.25 
1. 30     2. 29 


3.84 

0.63. 
3.02'    4.49 
1.10 
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lyiical  data  for  meats — Continne^. 

PIG  No.  7.— DUROC  JERSEY. 


Per  cent  original  material. 

Water. 

Fat. 

! 

0.10 
0.38 

0.48 
0.32 

0.16 

3 

0.90 
0.01 

0.01 
0.61 

1.S3 
0.04 

Nitrogen. 

1 

s 

o 

0.16 

Nit 

3 

11 

II 

|.s 

<rog^nou8  sub- 
stances. 

c 

< 

■ci    t-i 
I     - 

1 

19.59  0.64 

1 

-3 

1 

20.23 

In  preparing  sam- 
ple. 

In    air-dry    niate- 

3 

73.95 

0.65 

rs       1 

55  1 

Ij 

0.09 

1 

a 

1 

1 

1 

6.12 

1 

73.03 

0.92 

4.06 

0.56 

0.50 

0  00/101.58 
""^il  99.59 

I 

21.53 

73.56 

0.45 

0.06 

. . . .  .i 

0.10 

2.81 

0.38 

0.31 

3.50 

0.2l{»8-8^ 

42.87   1.21 

42.71 

1.53 

1 
..J 

0.26 

9.56 

C.87 

0.81 

11.24 

.|.  ...... 

1 
1            1 
44. 08J  42. 40:  0. 31 

0.48 

0.18 
0.27 

••«{  t^ 

1 
43.68,  0.94   44.62 

41.42 

1.23 

42.65 

0.45 

0.251.88 
0. 37  0. 03 

0.62 

0.18  2.89 
0. 18  0. 02 

1.45 

0.15 

1 

0.28 

9.06 

0.94 

0.87 

10.87 

•"ij  m:?5 

54.06   1.82  55.98 

1 

23.88 

1.37 

25.25 

i 
1.98   0.42 

0.49 

12.:{8 

2.63 

1.53 

16.54 

A  '^-.u 

52.01 

1            I 
1. 19  53. 20  26. 22 

1.29 

27.51 

0.36 
0.36 
0.47 

2.86 
0.01 

2.61 

2.36 
0.03 

2.77 
0.02 

0.88 
0.016 
0.67 
0.025 

2.33 

1 

0.18 
i 

0.35 

14.56 

..13 

1.09 

16.78 

1 

71.93 
50.96 

0. 90  72.  S3     7. 31 
1.14   52.10  28.95 

2.04 
1.97 

9.35 
30.92 

2.35 
1.98 

0.08 

1 
0.18 

0.18 
0.20 

14.69 
12.38 

' 

..... 

0.83 
0.32 

0.25 
0.30 

0  50 
1.13 

0.56 
0.62 

!     1 

15.75  0.86{  »»;f8 

»'3,  o.m{  »|:«j 

51.99 

1 
1. 1U|  53. 09  25. 56 
....  1 

1 

1 
2.51    28.07 

2.22 

J 

0.38 

13.88 

1.06 

1.19 

.....    ........    .... 

0.55 
0.28 
0.16 

0.44 

0.11 
0.18 
0.30 

1..13  ,.«2|{ «:« 

20. 06 

0.43   20.49  72.59 

1 1 

0.97 

73.56 

0.54 

O.IO 

0.24 

3.38 

0.03 

O.75I    4.76  0.28{S;^« 

13.43 

0.30    13.73   80.63 

1            1     . 

1.12 

81.74 

0.45 

0.08 

0.14 

2.81 

0.50 

0.44 

3.7.V  0.27 

f 102. 28 
\  99.49 

1 

0.48 
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Table  No.  4.— Ana 


PIG  No.  8.— YORKSHIRE. 


Per  cent  air-dry  material. 


Karnes  of  oats. 


16783 
171601 


16786 
17150 


16787 
17140 


16789 


fkS 

§3   I 


2  American  clear  backs -  ^ 

( Fat  extracted  with  ether) 25. 05' 


9.67     5.82 


1.&5 


Nitrogej 


2  clear  bellies 

( Fat  extracted  with  other) !      29. 54 


I 

'      1J.09     6.36     3.54 

I       •JO  lu' 


«l 


2  short  cut  hams 

(Fat  extractifd  with  ether) . 


I  ' 


2  New  York  shoulders 

4fept 

Spareribs 

Tenderloins 

17143|  (Fat  extracte<l  with  ether) . 


16791 
1679»l 
16795 


16796 
I7135I 


16798 
17157 


16800 
17151 


16802 
17147 


Neck  bones 

(Fat  extracted  with  ether)  . 


Backbones  

(Fat  extracted  with  ether) . 


Trimmings 

(Fat  extracted  with  ether) . 


Tail 

(Fat  extracted  with  ether) . 


21.97 
18.11 


5.12 


8.13 


23.74 


3.67 


i 

13.68 
0.12 

13.45 
0.10 

10.61 
0.08 

12.92 


22.26 

25.23 
9.33 


19.92 
17.26 


23.55 
16.68 


10.25 
30.31 


9.96 
43.40 


7.04     6.28   13.48 

6.22   11.08!  12.47 

I  I 

4.75   14.86   11.96 
I I    0.14 


6.33 


5.61 


4.83 


5^     2 
-J 

I- 

52 


CO  a 


9.83     1.74 


9.69 


8.38 


1.85 


0.62 


2.11 


1.91 


1 1 

1.11,    i.2 


1.09     4.&4' 
0.45' I 


1.61J    1.29     3.37 
0.75... 


9.46     0.98     2.48!     1.16 

6.99;    2.25     4.24     0.67     3.49, 


9.76     0.78,     1.1 
10.13     0.61     i.a 


13.34 
0.15 


10.711    0.79 


10.58.  12.19;    9.59     0.84 
0.12 


15.72   11.63'    7.10     1.59 
0.09 1.... 


23.65 


10.81<    7.86     l.€ 
0.08,.... 


1.76 


2.94 


1.27 


1.47;     4.72 

1.85     4.14 
2.20, ' 


1.33,    4.98 


1.64. 


1.48     4.99 


2.60. 

1 

1.20 

3.80 

1.06. 

1.09     3.83 
1.02..., 
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lytical  data  for  meats — Continued. 

PIG  No.  8.— Y0RK8HIBB. 


Per  cent  c 

riginal  material. 

Water. 

Fat. 

1 

Nitrogen. 

Nitrogenous  sub- 
stances. 

1 

a     i 

i  § 

27.99   0.56 

28.55 

1 

1 

a 

M 

62.34 

1 

a 

? 

H 

0.19 

H 

1 

,.3. 
0.03 

1.49 
0.03 

2.33 
0.015 

1.85 
1.57 
2.78 
3.02 

53 

.a 

i 

s 

1. 

(0 

1 

.9 

i 

1 

1 

62.53 

0.11 
0.21 

0.95 

0.17 

0.20     5.94 

1 

1.06 

0.62 

7.62 

n  .J/ 99.91 
^--^^i  99.11 

1 
33.08   0.71 

1 

56.22 

1.08 

0.20 

0.21 

6.75 

1.25 

0.66 

8.66 

33.70   55.83 

0.39 

0.32 
0.12 
0.13 

••«{S:S 

58.02;  1.12 

59. 14  20. 01 

5.22 

25.23 

1.84 

0.14 

0.85 

11.60 

13.46 

0.25 
0.28 
0.14 

0.87 

1.09 

0.7. 

/  97.64 
\  98.57 

" 



2.47 
3.75 

36.09 
30.86 
29.28 
13.07 

1.36 
0.82 
2.17 
2.56 

0.14 
0.26 
0.18 
0.13 

0.35 
0.49 
0.43 
0.33 

8.50 
5.13 
13.56 
16.00 

0.87 
1.63 
1.13 
0.81 

1.09 
1.53 
1.34 
1.03 

10.46 
8.29 
16.03 
17.84 

0.63 
0.41 
1.05 
1.04 

50.93 
65.45 

1.38 
1.20 

49.57 
57.47 
52.31 
66.65 

26.81 
9.32 

0.42 
0.17 

0.08 

0.33 

0.47 
0.21 

r  96.75 
f '97.03 

/is.' 81 

\  98  67 
/  97.47 
\  98.60 



2.66 
0.026 

2.87 
0.02 

1.19 
0.  027 

2.13 

0.16 

0.37 

13. 3J 

1.00 

1.15 

16.46 

0.99 

63.87 

1 
1.26'  55.13  26.21 

0.50 

26.71 

0.68 
0.26 
0.28 

/  98.99 
\  98.29 

49.33 

2.26 

14.13 

1.25 

1.28 

16.66 

i            ,          1 
1.32,  50.65  27.12   2.49   29.61 

1            .            1          |.  . 

0.54 
0.35 
0.43 

0.20 

..« 

1  18 /*8-^ 

0.73 

4.56 

1.00 

0.94 

6.50 

25.55 

0.57 

26.12 

64.20 

1 
1.61   65.81 

0.78 
0.12 
0.32 

0.16 

0.30 

o-»{S:JI 

18.02 

0.48 

18.50 

72.02 

2.35 

74.37 

0.441 
0.111.08 
0. 44:0. 035 

0.78 

0.17 

0.13 

4.88 

1.06 

0.41 

6.35 

o-^iK 

• 

1 

0.65 
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Table  No.  6. — Analytical  data  for  hones, 
PIG  Ko.  1.— BERKSHIRE. 


Per  cent  air-dry  material. 


16090 

lOTiOOA 

16091 

17169| 

if.r,88 

17175' 


Bones . 

(Fat  extracted  with  ether) . 

Marrow 

(Fat  extracted  with  other)  . 

Skin 

(Fat  extracted  with  ether) . 


52. 67, 
11.40 
4.44| 
17.36. 

36. 93, 

15. 90  . 


0.52 


5.72! 
(0.61) 
6. 68     0. 19 


Nitrogen. 


8.31 


3.28 


16693 
16695 
17168 


Spinal  cord 

Tendons 

(Fat  extracted  with  ether)  . 


I 

6.18 
0.29 
8.31 
0.07 

15.02 

O.I5I 


lii 
-J 

5-^  I 

S3! 


ii 


i 

1 

•s 

a 
2 

|5 

■** 

5.32 

1. 

7.08 

10. 05; 


0.11'    0.75 


31.93, 
4.8I' 


6.01,  8.28  8.85  7.02; 
10.23  1.5?  14.10,  11.26 
.1 0.23|.... 


17177   Hoofa. 


63.44     7.14     1.35|  14.63, 1.46 


0.65| 
2.89' 


1.26 
2.22 


0.48. 

'I 


0.84,  49.59 
(0.28) 


1.18, 


0.571 
0.62 


2.64 
0.33 
1.85 


0.39 
6.65 


1.70 


3.71 


PIG  No.  2.-TiLMW0RTH. 


10719  Bones 

16719  A I  (Fat  extracted  with  ether) . 


16720  Marrow 

17146   (Fat  extracted  with  ether) . 


16717!  Skin 

17132   (Fat  extracted  with  ether) . 


16722  Spinal  cord 

17166   (Fat  extracted  with  ether) . 

16724   Tendons 

17171    (Fat  extracted  with  ether; . 
17178,  Hoofs 


50. 7l'    7.10 
14. 83'  (0. 68) 

0.45 

6.18 
0.34 

10.56 
0.14 

14.88 
0.16 

9.63 
0  44 

5.45     0.22 

0.6l|  0.07 

49.98 
(0.59) 

2.39     6.91|    0.44 

8. 98     0. 56 
1 

1 

1. 02 

15.53 

0.31 

2.92'  0.34 
1  0.91 

1 

1.21 

-  9.15 

1.89 
2.54 

34.28     7.08 
14.27 

4.04 

7.75 
7.80 

4.21 

1.12 



8.88     6.41 
32.24 

1.65 

33.67     9.01     6.83 
2  55 1 

14.86 
0.31 
14.65 

ii.49     2.05     i.32   0.31     3.24 

60.73     6.92     1-01 

;: :: i 

1  61 

1 

1 

1 

PIG  No.  3.— CHESTER  WHITE. 


16630   Bones. 


166:}UA 


16631 


(Fat  extracted  with  ether). 


I 

45.56     6.46 
16. 97  (0.  ( 


Marrow 

16633    Skin 

16635   Spinal  cord  a. 

166;t7|   IVndons 

17179'  Hoofs 


4.64 
28.05 


0.45'    6.94     6.04 


3.37 


0.84. 


0.17     0.73   0.13 


I 


7.16     6.46,    0.28     0.42 

15.02     2.561    3.46     9.00  0.35 


47.61 
(0.37) 


34.22'  13.03     0.84   14.10   11.34{    1.53     1.23   0.81     2.48 
65.38,    7.18     1.07    14.74 1 !     1.36 


PIG  No.  4— POLAND  CHINA. 


166«3A 


Bones 

(Fat  extracted  with  ether). 


Marrow . 
Skin  .... 


16650 

16661  Spinal  cord. 

16662  (Fat  extracted  with  ether) . 

16664   Tendons 

17170   (Fat  extracted  with  ether) . 
17180,  Hoofs 


I  ■ 


60.37 
9.40 


4.00 
(0.62) 

6.66 
6.93 
0.58 


5.28 

33. 4l| 

12.25' 
23.32. 
35. 22 
4.77. 
66.55| 

a  Lost. 


9.48 
'7.' 19 


0.93 


0.43 
3.63 
10.15 


6.74 
0.21 


I       I       ; 

5.20     0.56;    0.98  1.05 


8.28 
14. 8«' 


0.67 
*i'06 


7.12 
4.24 

0.12'    7.16 

0.17|. 
14.63,  11.24 

0.11 
14.80 


0.42 
6.48' 

I 

1.40 
2*50 


50.13 
(0.32) 


0.14.. 

5.14  0.74'    L89 

0.56, I    4.57 

4.70, 

0.89  0.29     4.21 


L43 


Digitized  by 


Google 


45 


marrtno,  skin,  spinal  oord,  tendans,  and  hoofs. 

PIG  No.  1.— BERKSHIRE. 


Per  cent  original  material. 


Water. 


^« 


35.93 
14.06 


s 

4 

a 

1-3 

•5b- 

i: 

o 

ed 

a 

M 

^ 

Fat. 


a 

^ 

e8 

a 

S 

Ofi 

U 

1 

?, 

•c 

P, 

O 

a 

a 

3.01   3&94 

(0.07) 

0.30   14.36 


47.17 


65.1 
55.  J  6 


36.56 


11.40 
8L50 


3.07 


60.24   15.00 


0.27 

o.'oi 


I 

11.67 


1.21   17.11 


O.53I  65.70  20.03   0.73 
3.27,  58.43   12.91   0.49 


Nitrogen. 


Nitrogenous  sub- 
stances. 


2    1 

0.44  3.26 
0.03 
0.37 
0.01 

5.55 

0.024 


0.46 
0.12 
0.29 


0.41 

26.76 0.78 

13.40     0.13  4.5U 

0.32,0.01 


-I 


1| 

•"  ^ 


E.2 
S3 


2.80 
'0.'32 


4.04 


0.62 
3.59 


4.531  41.091...   


I    0.45  ; 

0.86 9.28  I 


08  a 
:::g 


0.06 

o.'os 


1.07 


0.13 
0.71 


0 

OB  "^ 

o 

0.40!  17.50 
6.02  "2." 00 


I 

2      3 


.1. 


0.38:  1.25  19.13  26.12 
(0.03) 
0.19  0.06     2.25 


I 


0.44   25.25.  6.69 


1.37  33.31 
1 


0.05     3.88   0.69  0.16 
0.20   22.44   4.44  0.62 


4.73 
27.50 


58.00 


95.86 
r....'l     98.'i2 


n  fio  / 108.  44 
®-^il01.29 


97.19 
1.18'    100.51 


0.93'    100.88 


PIO  No.  2.-TAMW0RTH. 


34.46 

3.60 
/0.10) 

1 
38.06   14.83 

0.23 

15.06 

1 

0. 04  3. 18 

0.05 

2. 76  0. 11 

0.26 

17.25 
0.31 

0.69 


0.81 
0.06 

1 
18. 75  25. 35 
0.31(0.09) 

97.22 
0.31 

13.14   0.17 

1     . 

0.01 

84.48 

0.25 

0. 05  0. 02 

0.22 

O.Ol 

0.02 

19.06 
1.50, 

13.81 

84.47 

17.56 
1.38 

0.06 

97.53 
99.29 

52.-95 

2.43 

55.38  12.77 

1.38 

14.15 

0. 12  5. 10 
0.13  0.02 

0.25 

0.86 

2.95  0.14 

0. 10  5  00 

n  (»! 

2.66 

1.44 

1.00 

16.62 

9.00 

3.12 

28.74 

ft  J  /  98. 15 
®®^\  98.92 

45.88 

0.57 

46.45 

45.24 

0.15 

45.39 

0.65 

0.10 

0.11 

4.06 

0.63 

1 
0.34J    5.03 

0.23 

97.10 

58.52 

3.03 

61.55 

7.81 

0.28     8.00 

3.87 

0.69 

0.44 

24.19 

4.81 

1.37 

29.87 

1.09 

100.60 

39.27 

4.20 



43  47 

0. 61 «  ftft 

t 

55.63 

6.98    160. 69 

1 

PIG  No.  3.-0HESTER  WHITE. 


37.47 

15.50 
40.78 

2.94 
(0.10) 

40.41 

16.97 

0.21 

17.18 

0. 06  3. 16 
0.06 

2.75   0.08   0.33 

17.19  0.50 
0.38 

!         1 
1.03   18.72  21.69      98.00 
0. 38  (0.06)        0. 38 

'46.*78 

79.86 
31.17 

'31.' i7 

0.33 

0.10  4.22 

0.30   0.01    0.02 
0.72   0.97   2.53 

17.57 
1.88  0.06 
4.60   6.06 

1 

19.10                98.38 

0.06     2.00 97.36 

7.89   18.45   0.53,     90.03 

1 1 

55.66 
34.02 

4. 46   60. 12,  10. 12 
4  69   M-3l! 

0.29,  10.41 
0.70 

0.28  4.82 
9.64 

3.88   0.52   0.42 
1 

24.25   3.25   1.31   28.8l|  0.85    100.19 
1 160.25   0.89|    101.15 

1 

PIG  No 

.  4.- 

POLAND  CHINA. 

40. 23'  2. 47   42. 70'    9.40!  0.47     9.87     0.6.1 
(0.06) 1 1 1 

16.39|  0.35   16.74   78.33   O.O2'  78.35 

44.49  2.32   46.81   22.  lo'  1. 2l'  23.31     0.25 

46.05   0.81   46.86   41. 7o'  1.24  42.94 

1 1.10 

3.40 
0.02 

0.44 

4.97 

1.12 
0.04 

2.62 

0.41 
1.42 

0.88 

0.28 

0.02 
1.83 
0.17 

0.50 

0.01 
1.72 
0.07 

16.38 
0.13 

1.75   1.56 

19. 69  25. 25 

0. 13  (0.03) 

19.82 
2.72 

25.68  0.63 

6.78|  0.66, 

97.51 
0.13 

16.51 
2.56 

8.87 

5.50 

0.13   0.03 

11.44    5.37 

1.06   0.22 

07.64 
97.81 
/88.62 
\96. 43 
97.14 

53.34,  3.34 

56.68   11.44 
1 

0.24   11.68     0.10 

5.15 
0.005 
8.37 

3.96 

0  88 



0.31   24.75 
1 

5  50   0.  97 

31.22    1.48 

1 

101.06 

43.45  4.07 

47.52! 

0.60 



1 

1 

52.3i|  6.8ij 

101.24 

1 
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Table  No.  B.^Analytical  data  for  hones, 
PIG  No.  5.-DUIM)C  JERSEY. 


Names  of  parte. 


I66OO:  Bonefl 

16600A    (Fat  extractod  with  ether). 


16601,  Marrow 

16(503  Skin 

16605  Spinal  cord. 
16607,  Tendons  &.. 


17181 1  Hoofs  . 


1^ 


Per  cont  air-dry  material. 


53.64,    4.69     0.86 
11.68     7.30'.-. 


Nitrogen. 


-J 

a 


6. 77     5. 03 
0.34 


0.17 


0.67 


6.25'    6.73'    0.28'    8.26     7.30i    0.45,    0.51 

a  26. 35     5.081    5.46   15.13     2.22     6.01     6.00 

18.07     6.54'    0.071    9.26     7.581    0.84'    0.84 


70.03     7.33,     1.06|  14.77  . 


0.93,  40.70 


(0.61) 


1.82 


PIG  No.  6.— DUROC  JERSEY. 


16748   Bones 

16748A    (Fat  extractod  with  ether) . 


16751  Marrowe 

16746  Skin 

16749  Spinal  conic 

17162,  (Fat  extracted  with  ether) . 

16753  Tendoni* 

17173  (Fat  extracted  with  ether) . 

17182  Hoofs 


51.74 
17.48 


a  34. 21 


34.91 


5.791    0.31 
(0.43)1... 


4.83,    0.27 
7.78     3.63 


6.46 
0.21 


8.14 


5.39     0.31 


0.66 
14.  83     6. 32     2. 81 


9.97     7.72 
0.20;.. 


34. 51 1    9.78'    0.21;  15.05   11.71 

4.I1I I    0.12... 

58.83     5.97     1.18   14.551... 


1.12 
'2.13 


0.76|....     50.361 
" '(0.23)1 


5.70,  0.18,     1.83 

1.131 

I  8.12 1 

1.21;  0.24;    2.79, 

I I 

1 1.73, 


PIG  No.  7— DUROC  JERSEY. 


16775 
16775A 


16776 

167781 
17148 


16780 
17167 
16782 
17183 


Bones 

(Fat  extracted  with  etber). 


Marrow  e 

Skin 

(Fat  extracted  with  ether) . 


Spinal  cord 

(Fat  extracted  with  ether) . 

Tendons  

Hoofs 


'Ill' 
5,3.50,    6.52'     0.66     6.44'    5.59|    0.17 

12.88     3.63 0.32| 


,    6.35 

39.18'    9.£ 
11.95 


0.48'    7.02     6.32     0:56 


3.78 


0.76 


14.69,     7.84     4.13 
0.18 1.... 


12.76;    6.43 

50.36 1  

31.94'  11.65     0.47    14.43    11.49     1.96 
6O.O61    6.96' I  14.83 


9.55     7.58,     1.26 
0.37  .... 


0.68 


0.14 
2.72 


0.71 

o.'is 


0. 15'  no.  59 
2.72... 


0.20i    2.00 
0.55' 


5.50 

0. 36,     2. 71 


PIG  No.  8.— YORKSHIRE. 


16804 
16804A 


16805 
17153 
1680" 


17161 
16811 
17184 


Bones  

(Fat  extracted  with  other)  . 


Marrow 

(Fat  extracted  with  ether)  . 
Skinc 


Spinal  coni  c 

(Fat  extracte<l  with  ether)  . 

T(>udons 

Hoofs 


a  Fat-free  and  water- free. 


i  '         !         I        I         , 

50.511  11.16     0.68  6.60     5.73     0.28     0.00  0.40   50.08' 

13.74(0.53) I  0.29 l I 

i    >    !        i    I    ' 

4.4l'    6.21     0.19'  7.75     6.85'    0.T9     0.11. 

29.28 '  0.04. 1 0.22.... 


(0.26)  I 


.1. 


30.30 0.27 |. 


'■*i-- 


11.65     0.67   13.96  12.29     1.43     0.24  0.24     2.96 
51.03     6.44      0.96   14.65 ' ' 1.39 


I 


b  Sample  lost. 


oLost 
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marrow,  sJcin,  spinal  cord,  tendonSj  and  hoofs — Contintied. 
PIG  No.  5.— DUROC  JERSEY. 


Per  cent  original  material. 
Nitrogen. 


34.78   2.52  86. 
0.85  .... 


12.80  0.42   13. 

35. 

58.32   1.18  5». 


45 


1.58   0.46   12.89     0.50   3.63'     3.18  0.00   0.36 
.1 0.04 L. 


0 


Nitrogenous    snb- 
Btances. 


a  u 


5b  :  i 


I  o 


I     I     I      r 

19.88  0.56   1.12  21.56  26.66     97.56 


3 

o 
H 


0.25. 
20.13 


0.  25  (0.07)       0. 25 


21.811 


97.81 


22  80.95   0.02  80.97 0.52     0.46  0.03,0.03     2.88  0.19   0.09     3.16 1    97.35 

49 1 ':«.16     0.09   3.99     0.50    1.  ft'^    1.58     3.6911.38   4.93   20.00   0.48     94.13 

50  23.61   0.01    23. 62....... I  1.67     1.37   0.15   0.15     8.56  0.94  0.47     9.97 93.09 


29.97   5.13.  35.101. 


0.74  !!!!!!|i(V  34 '.!!!!!'!! 

I        I       I        I 


64.63   0.85    101.32 

I  I  I 


PIG  No.  6.-DUR0C  JERSEY. 


30.78 

3. 00,  33. 78 
la  o«\' 

17.48 

0.16 

17.64 

1  3.34 

1  0.04 

1 

2.79  0.16 

0.39 

17.44    1.00 
0. 25 

1.22 

19.66  26.06 
0.25(0.04) 

19.91 

97.14 
0  25 

r    'j 

17.69 

07.39 

1  45.20 

20.59 

6.06   5.07 

2.16   0.96 

1.95   13.50  6.00 

6. 68   25.  58*  6. 63 

92.66 

2.51   6.07 
0.08   5.20 
.   . .  0  005 

1          1 

' .1 

56.24 

3.38  59.62 

9.25 

0.07 

9.32 

4.64   6.74*  6.42  25.25  4.63 

1 

1.31    31.19  0.96 

...  1            ' 

101.09 

4i.i7,  3. 5i   44.68 





0.69 

,  8.56 

' 

1 

....]  53.50,  1.02 
1            1 

99.89 

PIG  No.  7.— DUROC  JERSEY. 


33.62 

3.«| 

0.47  36.64 

12.88 

0.35 

'i3."76 

0.08  3.45 
0. 35  0. 04 

0.43 

2.99 

0.09 


0.37 

18.69 
0.25 

0.56   1.15 

20.40  27.07 
0.25(0.04) 

97.81 
0.25 

18.94 

20.65 

1 

98.06 

46.55 
20.02 

1  50.39 

3.84' 

14.27 



1.48 

15.75 

0.08 
0.07 

5.76 

3.07 

1.62 

1.07 

19.19 

10.13   3.34 

32.66   0.78  {S2:S 

0.82  20.84 

1 

1.22 
0.19 

0.97 

0.16 

. 

1 
67. 22  0. 10 

67.32 

0.15 

"'6*76 
0.11 

O.O9J    6.06 

1          1 
1.00'  0.28     7.34 

95.50 

54.  io  3. 72  .57. 91 
39.94   4.18  44.12 

13.87   0.15.  14.02 

4.61 
H  .01 

3.67 

6.63   6.3I1  22.94 
1 1 

1          1 

3.94   0.97 


27.85'  0.87    100.65 
55.69 

PIG  No.  8.- YORKSHIRE. 


35.75 
14.02 

5.64 
(0.07) 

0.27 

41.39 

13.74 

0.34 

14.08 

0.20   3.33 
1  0.04 

2.89  0.14 

0.30 

1 
18.07|  0.87   0.94 
0.26' 

I 
19.  88  25.  30 
0.25(0.04) 

20.13 
2.10 

100.65 
0.25 

14.20 

81.57 

0.01'  81.58 

i 

,  0.34 

0.06   0.01 

1 
0.30   0.03 

0.01 

•'          1 
18. 32           1 

1.88   0.19   0.03 

100.90 
97.97 

1 

1.60   0.08 

1 

1 

48.97 

3.29 



52.26 

0.49 

7.4^ 1 

............ 

46.75   0.71 

1 

100.21 

1 

. 
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Tablk  No.  6 — Revised  analytical  data. 
PIG  No.  1.— BBRKSHIBE. 
[Per  cents  original  material.] 


Serial 
No. 


16667 


16671 
16673 
16675 
16677 
16679 

iwm 

16682 
16684 


Meat: 

American  backs l    32. 

American  bellies '    37. 

Shortcut  hams ft 60. 

654. 
61. 
52. 


16601 
16688 
]669:< 
16695 
17177 


New  York  shoulders . 

Four  feet 

Spareribs 

Tenderloins 

Neck  bones 

Backbones 

Trimmings 

Tail 

Bones 

Marrow 

Skin 

Spinal  cord 

Tendon  s 

Uoofs 


57.69 
51.93 
22.19 
29.01 
16.83 
29.10 
8.78 
27.92 
27.22 


55. 
52. 
b  29.  68  I  62. 00 
24. 
38. 
U. 
50. 


68.23 
11.67 
81.51 
17.11 
26.76 
13.40 
0.86 


Nitrogenous  substances. 


Pro- 
t«ids, 
insolu- 
ble in 

hot 
water. 


I 


Gela- 

ti- 
noids. 


7.00 

7.00 

14.00 

11. 25 

12.19 

13.44 

18.56 

12.44 

14.38 

5.19 

5.75 

17.50 

2.00 

26.25 

3.88 

22.44 


0.50 
0.56 
0.69 
0.81 
4.69 
1.13 
0.50 
0.75 
0.87 
0.69 
0.56 
0.38 
0.19 
6.69 
0.69 
4.44 


Flesh 
bases. 


Total. 


0.91 
1.22 
1.15  I 
1.56  ' 
2.34  , 
1.19 
1.06 
1.06 
1.44  I 
1.03 
0.50  , 
1.25 
0.06  I 
1.37  , 
0.16  I 
0.62 

► i 


8.41 

H.78 

15.84 

13.62 

19.22 

15.76 

20.12 

14.25 

16.69 

6.91 

6.81 

19.13 

2.25 

33.31 

4.73 

27.50 

58.00 


Leoi 
thin,  a 


0.15 
0.14 
0.65 
0.15 
0.61 
0.35 
0.49 
0.68 
0.26 
0.11 
0.17 
0.44 

cO.46 
0.41 

dl.47 
0.45 


Total. 


;    0.63 

<-0.40 

1.18 

I    0.93 


99.03 
98.67 
99.93 
98.64 
98.76 
08.75 
08.62 
99.36 
98.24 
09.11 
99.82 
96.30 
08.58 
101.70 
97.19 
100.96 
100.88 


PIG  No.  2.— TAMWORTH. 


16696 


16700 
16702 
16704 
16706 
16708 
16709 
16711 
16713 
16715 
16719 
16720 
16717 
16722 
16724 
17178 


Meat: 

American  backs 

American  bellies  — 

Short-cut  hams 

New  York  shoulders 

Four  feet 

Spareribs 

Tenderloins 

Neck  bones 

Backbones 

I         Trimmings 

I         Tail 

i  Bones 

Marrow 

;  Skin 

I  Spinal  oord 

Tendons 

I  Hoofs 


629.13 
33.69 
657.93 
635.07  i 
658.66 
49.20 
65.52 
55.52 
51.06 
28.85 
25.77 
38.06 
13.31 
55.38 
46.45 
61.55 
43.47 


61.76  I 
56.52 
24.45  I 
20  29. 98 
21.  23 
33.88 
13.51 
26.  03 
30.67 
62.67 
67.08 
15.06 
84.48 
14.15 
45.39 
8.09 
0.61 


5.75 

7.00 

13.00 

11.25 

11.63 

11.66 

17.13 

13.38 

13.60 

5.31 

4.25 

17.56 

1.38 

16.62 

4.06 

24.19 


0.69 
0.63 
0.63 
0.87 
8.38 
1.31 
0.56 
1.31 
0.87 
0.81 
0.69 
0.69 
0.06 
9.00 
0.63 
4.31 


0.01 
0.01 
1.26 
1.19 
2.96 
1.40 
0.91 
1.40 
1.22 
1.03 
0.78 
0.81 
0.06 
3.12 
0.34 
1.37 


7.35 
8.54 
14.88 
13.31 
17.97 
14.27 
18.60 
16.09 
15.78 
7.15 
5.72 
19.06 
1.50 
28.74 
5.03 
29.87 
55.63 


0.13 
0.15 
0.22 
0.24 
0.51 
0.25 
0.91 
0.83 
0.25 
0.10 
0.10 
0.04 

/0. 05 
0.25 

/2.96 
0.10 


I 


0.43  ' 
0.47  I 
0.84 
0.79 
0.86  , 
0.03  ' 
1.06  I 
1.02 
1.10  , 
0.43  ' 
0.30  . 
26.35  I 


0.66 
0.23 
1.09 
0.98 


98.80 
99.37 
98.32 
99.39 
09.23 
98.63 
09.60 
99.49 
98.80 
99.20 
98.97 
97.57 
99.34 
99.17 
100.05 
100.70 
100.69 


PIG  No.  3.-CHESTER  WHITE. 


16600 
16611 
16613 
16615 
16617 
16619 
16621 
16622 
16624 
1()626 
16628 
16630 
16631 
10633 
16635 
16637 
17179 


Meat: 

American  backs  — 

American  bellies  — 

Short-i'ut  hams 

New  York  shoulders 

Fourfeet 

Spareribs 

Tenderloins  

Neck  boues 

Backbones  

TriiuniiDgs 

Tail  

Bones 

Marrow 

Skin 

Spinal  cord 

Tendons  

Hoofs 


6  23.72 

70.16 

4.60 

0.44 

0.75 

30.64 

60.73 

5.44 

0.63 

1.03  1 

53.15 

30.99 

11.13 

0.68 

1.97 

640.16 

37.62 

0.44 

0.87 

1.34  ' 

653.05 

26.  74 

9.88 

6.38 

1.06 

53.23 

27.93 

13.63 

0.87 

1.65 

65.97 

13.  47 

16.69 

0.44 

1.03 

53.  50 

29.52 

12.19 

0.75 

1.31 

50.  39 

31.65 

13. 38 

0.56 

1.34 

22.49 

71.55/ 

3.25 

0.60 

0.84 

6 15.  66 

79.69 

3.00 

0.44 

0.62 

40.41 

17.18 

17.57 

0.50 

1.03 

15.50 

79.86 

1.88 

0.06 

0.06 

640.78 

31.17 

4.50 

6.06 

7.89 

<?48.27 

e41.  21 

C5.61 

«0.86 

cO.30 

60.12 

10.41 

24.25 

3.25 

1.31  1 

39  31 

0.70 



1 



a  Lecithin  in  extracted  sample  only,  unless  otherwise  noted. 

6  Result  of  direct  determination  on  original  material.  Other  numbers  in  this  column  represent  the 
Huui  of  the  per  cent  of  water  removed  in  the  preparation  of  sample  and  the  per  cent  of  water  remain- 
ing- in  the  air-dry  sample. 

cin  fat  extract. 

din  fat  extract,  calculated  from  averages  for  like  cuts. 

e  Calculated  from  averages  of  like  cut«. 

/In  residue  and  fat  extract. 
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Table  No.  6 — Revised  analytical  data — Contiuaed. 


PIG  No.  4. -POLAND  CHINA. 
[Per  cents  original  material.] 


18838 
16640 
16642 
16644 
16646 
16648 
16650 
16651 
16653 
16655 
16657 
16669 
16665 
16659 
16661 
166iM 
17180 


Meat: 

American  backs 

American  bellies 

Short-cnt  hams 

New  Y'ork  shoulders 

Four  feet 

Spareribs 

Tenderloins 

Neck  bones 

Backbones  

Trimmings 

Tail  

Bones 

Marrow 

Skin 

Spi  na  I  cord 

Tendons  

Hoofs 


PIG  No.  5.-DUR0C  JEKSEY. 


16579 
16581 
16583 
16585 
16587 
16589 
16591 
16592 
16594 
16596 
16598 
16600 
16601 
16603 
16605 
16607 
17181 


Meat: 

American  backs . 

American  bellies  . . . 

Short-cut  hams 

New  York  shoulders 

Four  feet 

Spareribs 

Tenderloins 

Neck  bones 

Backbones 

Trimmings 

Tail 

Bones 

Marrow 

Skiu 

Spinal  cord 

Tendons 

Hoofs 


620.75     r3. 25 

3.94 

0.50 

29. 13  1  62.  83 

5.06 

0.56 

50.45     35.94 

8.38 

1.00 

644.10  1  43.74 

7.63 

0.63 

654.16     26.19 

10.19 

2.19 

54.  09     26.  90 

14.06 

0.81 

66.  55     11. 41 

18.31 

0.38 

52.48  ;  30.31 

12.50 

0.75 

48.77  ,  29.40 

16.38 

0.81 

2U.  08  ;  74. 13 

3.25 

0.44 

11.54  ;  84.02 

2.00 

0.31 

36. 45      12. 89 

20.13 

0.66 

13.  22     80. 97 

2.88 

0.19 

635.  49     38. 16 

3.60 

11.38 

59.  50  1  2:3.  62 

8.56 

0.94  1 

a 59. 05  ;all.l5 

023.97 

a4.35 

35. 10       0.  74 

PIG  No.  6.— DUROC  JEKSEY. 


16725 
16727 
16729 
16731 
16733 
16735 
16737 
16738 
16740 
16742 
16744 
16748 
16751 
16746 
16740 
16753 
17182 


Meat: 

American  backs .... 

American  bellies . . . 

Short-cut  hams 

New  York  shoulders 

Four  feet 

Siiareribs 

Tenderloins 

Neck  bones 

Backbones 

Trimmings 

Tail 

Bones  

Marrow 

Skin 

Suinal  cord 

Tendons 

Hoofs 


20.32 

.34. 52 

37.26 

39.46 

51.84 

49.84 

63.86 

49.30 

647.54 

16.51 

13.94 

33.78 

a  14. 57 

645.20 

a 48.  27 

59.62 

44.68 


I 


73.63  , 

58.97 

39. 10  I 

49.18 
I  29. 47  I 

31.95  ' 
I  14.81 

34.92  ' 
I  35.96 
■  78.  78 

81.23 

17.64 
081.13  I 

20.59 
041.21  I 
9.32 
U.69    . 


3.75 
4.38 
17.38 
7.50 
10.56 
13.63 
17.31 
11.69 
12.81 
3.06 
3.00 
17.89 
a2.09 
13.50 
a5.61 
25.25 


0.44 
0.56 
1.25 
0.94 


'     1.13 

I    0.63 

0.94 

I     1.06 

,    0.38 

0.44 

1.00 

Ia0.14 

I    6.00 

aO.86 

I    4.63 


0.72 
0.59 
1.69 
1.06 
2.31 
1.09 
0.87 
1.06 
1.15 
0.50 
0.41 
1.22 

aU.  06 
6.08 

a  0.30 
1.31 


4.91 
5.53 
20. 32 
9.50 
15.75 
15.85 
18.81 
13.69 
15.02 
3.94 
3.85 
19.91 
a  2.  29 
25.58 
a6.77 
31.19 
53.50 


0.20 
0.12 
0.35 
0.12 
o.:« 
0.33 
0.56 
0.28 
0.36 
0.07 
0.06 
a0..31 
do.  19 
0.06 
<'2.51 
0.08 


0.29 
0.22 
1.32 
0.84 
0.75 
1.10 
1.05 
0.87 
0.92 
0.25 
0.2.3 
26.06 


0.63 

a0.40 

0.96 

1.02 


99.35 
99.36 
98.35 
09.10 
08.16 
99.07 
99.09 
99.06 
99.80 
99.54 
99.31 
97.39 
97.99 
92.  06 
99.16 
101. 17 
99.89 


a  Calculated  from  averages  of  like  cuts. 

6  Result  of  direct  determination  on  original  material.  Other  numbers  in  this  column  represent  the 
sum  of  the  per  cent  of  water  removed  in  the  preparation  of  sample  and  the  per  c«nt  of  water  remain- 
ing in  the  air-drv  sample. 

c  In  fat  extract. 

din  residue  and  fat  extract,  calculated  from  averages  of  like  cuts. 

eJn  residue  and  fat  extract. 

3020— No.  53 i 
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Table  No.  6.— fi«r<«fd  analytical  data — Continaed. 

PIG  No.  7.— DUROC  JEBSBY. 

[Per  ceota  ori^al  niAterial.] 


^j**  I  Names  of  cuU  and  parta.   Water. 


16754 
16756 
16758 
16760 
16762 
16764 
16766 
16767 
16769 
16771 
16773 
16775 
16776 
16778 
16780 
16782 

1718a 


Meat: 

A  nierioan  backs 

American  bellies 

Short-cut  liaiiiH 

New  Y«»rk  nhoalders 

Fourft^t 

Spat  cribs , 

Tenderloins 

Nfck  bonPM 

Bar.kboncH 

TrimuiinKH 

Tail 

Itones 

Marrow 

Skin 

Spinal  conl , 

Tendoni) 

Hoofs 


20.23 
a2l.53 
a44.26 
44.62 
55.98 
53.  20 
72.83 
52.10 
53.09 
20.49 
13.73 
36.64 
e 14. 57 
50.39 
20.84 
57.91 
44.12 


I 


Nitrogenous  substanc<rs. 


Fat. 


73.96 
73.56 
43.38 
42.65 
25.25 
27.  51 
9.35 
30.92 
28.07 
73.66 
81.74 
13.70 
C81.13 
15.75 
67.32 
14.02 
«0.67 


Pro- 
teids, 
insolu- 
ble in 

hot 
water. 


Gela- 

I     ti- 
noids. 


! 

|£}2s.   Total. /*»*"«| 


Ash.    TotaL 


I 


4.06 

2.81 

9.56 

9.06 

12.38 

14.56 

14.69 

12.38 

13.88 

3.38 

2.81 

18.94 

e2.09 

19.19 

6.06 

22.94 


I 


0.66 
0.38 
0.87 
0.94 
2.63 
1.13 
0.50 
1.13 
1.06 
0.63 
0.50 
0.66 
eO.  14 
10.13 
1.00 
3.94 


I 


0.50 
0.31 
0.81 
0.87 
1.63 
1.09 
0.66 
0.62 
1.10 
0.75 
0.44 
1.16 
e0.06 
3.34 
0.28 
0.97 


5.12 

3.50 

11.24 

10.87 

16.54 

16.78 

16.75 

14.13 

16.13 

4.76 

3.75 

20.65 

C2.29 

32.66 

7.34 

27.85 

65.69 


0.48 
0.48 
0.45 
0.62 
0.36 
0.83 
0.32 
0.55 
0.44 

60.11 
0.48 
0.43 

do.  19 
0.15 

b0.70 
0.11 


0.29 
0.21 
U.<6 
0.91 
0.78 
1.01 
0.86 
U.94 
1.02 
0.28 
0.27 
27.07 


I 


i 


0.78 
e0.40 

0.87 
eO.89 


100.07 
90.38 
99.08 
99.67 
96.91 
99.33 
99.11 
96.64 
96.75 
99. » 

98.49 
97.90 
99.73 
96.20 
100.76 
101.37 


PK;  No.  8.— YORKSHIRE. 


1C783 
16785 
16787 
16789 
16791 
16793 
16795 
16796 
16798 
16800 
16802 
1G804 
16805 
16807 
16809 
16811 
17184 


Meat: 

Amorican  barks 

American  liellies 

Short-cut  hams 

New  York  shoulders. 

Four  feet 

Sparc  ribs 

leuderloins 

Neck  bones 

BackboneM 

Trimmiugs 

Tail 

Dones 

Manro  w 

Skin 

Spinal  cord 

Tendons 

Hoofs 


28.55 

33.79 

59.14 

a  49. 57 

0  57.47 

52.31 

66.65 

65.13 

50.65 

26.12 

18.50 

41.39 

14.29 

e46.33 

C48.27 

e59.05 

52.26 


62.53 

56.22 

25.23 

36.09 

30.86 

29.28 

13.07 

26.71 

29.61 

65.81 

74.37 

14.08 

81.58 

C22.88 

C41.21 

ell.  15 

0.40 


5.94 

1.06 

0.62 

7.62 

0.32 

0.41 

6.76 

1.26 

0.66 

8.66 

0.25 

0.48 

11.50 

0.87 

1.09 

13.46 

0.42 

0.74 

8.60 

0.87 

1.09 

10.46 

0.17 

0.63 

5.13 

1.63 

1.53 

8.29 

0.08 

0.41 

13.56 

1.13 

1.34 

16.03 

0.33 

1.05 

16.00 

0.81 

1.03 

17.84 

0.68 

1.04 

13.31 

1.00 

1.15 

15.46 

0.54 

0.99 

14.13 

1.25 

1,28 

16.66 

0.78 

1.18 

4.66 

1.00 

0.94 

6.50 

0.44 

0.39 

4.88 

1.06 

0.41 

6.35 

0.55 

0.33 

18.32 

0.87 

0.94 

20.13 

0.20 

25.30 

1.88 

0.19 

0.03 

2.10 

60.06 

C13.09 

C8.67 

04.69 

e26.35 

cO.19 

e0.02 

C5.61 

CO.  86 

e0.30 

C6.77 

el.  47 

cO.40 

C23.97 

C4.35 

cl.09 

C29.41 
46.75 

cO.19 


cl.07 
0  71 

99.43 
99.40 
98.99 
96.92 
07.11 
99.00 
99.28 
OR.  83 
98.88 
09.26 
100.10 
101. 10 
98.03 
96.18 
96.73 
100.68 

ioa2i 


a  Result  of  direct  determination  on  original  material.  Other  numbers  in  this  column  n>present  the 
sum  of  the  per  cent  of  water  removed  in  the  preparation  of  sample  and  the  per  cent  of  water  n'<main- 
in£  in  the  air-dry  sample. 

6  In  residue  and  fat  extract. 

e  Calculated  from  averages  of  like  onts. 

d  In  fat  extract,  calculated  from  averages  for  like  cuts. 

e  In  fat  extract. 


Digitized  by 


Google 


51 


I 

s 


J  § 

I  i 

i  "* 

1  2 


o 


e2 


1 


1 

o 
H 


to«Deo9Dio^c«eomf-ia» 


.IS1S8SSSS?5:g32 


S  I     ^" 

'     '^    O    M    SS 


^5-:    -J 


I 


I 


if 


o 


2 

o 
H 


^! 


S  : 

*  : 


eod 


•iC^enr-ioot' 


a  o>  f  c«  t>  a»  m 


§|-3-3S 


•O  t- pi  to -I  o 


3  «0  W^  ^  -H 

a  «e»  c'  a»  o  t~' 


QOflD'*C-e»00 


gg-s 


CDCDOOa  A  ^-^ 


-lO        CO 


^  CD  O  CD  CD  C^l  CD 


KbortMmokca 


O  t- l>  Ift  t^  O  CO 

■^  '^  oa  C4  w)  e>  ci 

■Hi  i«  CD  CO  la  o  lo 

00  eo     C5      f-^ 


I? 


t 


I 

'2 


to -9 
coo 


N  15 


Orl 
3^ 


s 
J* 


53  !S 


lliiil 


Digitized  by 


Google 


52 


■2 

a 

O 

o 

4 


I 


H 

O 

H 
I 

6 

M 


O 


iiii'' 


aos3t«?« 


sss? 


iSi|8 

iiii^ 

H 

I 


o 


<i  5 1-  ■*  CJ 


fS    •  « 

>5 


Sssss 


Digitized  by 


Google 


53 


cj  p>i  ^  rH -iv  d 


«D  -«  a  CO  t>  L- 


C~  t"  O  CO  t"  0& 

to  -*  U5  r-i  PC  « 


00  099  03000 

00  ci  00  CO  M  e<i 


^-tr-t-»c»o© 


a»  i-l  •-•  O  O  93 


«H  lo  m  lo  •-<  CO 


§|||§S 


ODOt-iiocsoa 


ooo    ic^eocDco 
d  gj    S  «D  d  d  d 


t-  CO  oc  lO  r-  c» 

OOiHOi-HOrH 


oo  ca  a>  CO  ^-^  CO 


NiOOtO^CS 

g  d  d  00  "^  © 


eo  t"  so  o  ,^e* 

ui  t-'  ®  d  "  w 

d  .^  o  5  es 


•-•i^ooo  — ".oeo 

s 

O  »  00  t- r^-«*  i« 


iriss: 


C^l  O  lA  3  ^  O 

i>  d  d  lO  d  d  d 

rl  O  CO  C4  O  O  O 

od  iri  rj  d  d  li  t^ 

a»  ^  -("lOco®  CO 

deo      CO 


52  9p2 


8S 


^S 


eo« 
00  r-^ 


co$ 


bftU 

II 
II 


stsssis 


Q 

•J 
O 


o 

2 
S 


oc«ao-<«e3iot«ot>-«iH 


0>^^M'^»eiCO'HCOM 


COOOrllAiOOCO-«iAC4-« 


3 CD  :i'*treoc 


cooesic9«Deoa>^c4r«QO 


'^eoi-i'^eocao>H'<«i^^ 


^o«o«DC4a»o^oe^co 


O»t«^C9-^C4e9i-iCDC40D 


eoiHco 
Vcooio 


woooi«w-*ooe»«Deo«D 

d  f-t  d  tg  d  C4  d  t-^  d  ■^'  r-^ 
co»fteoco®<Ni-i«oeot*i-- 

00>-iWC«'^kO<«lO<ClO(D 


NCO"* 
lAdr 


00  op  O  CD  O  O 


•<«•  <D  g  esi -^  o  in 
d  tf    .  «$  eo'  d  c<5 


OOB  ^(OfHOk 


3Sd**^ 


t«(0<-i-«OC0 


b-fHOOlAOCOO 


gi^i-iCOC 


«2 


S«2 


°   «    30    »^ 


OB  ^ 

B  S 


^   ^^f  W   ■    'n'   ^»^    W   *mmf   ^-^  fcirf   "-    »r- 

giililiiiii 


le  c* -^i  o  e»  C4  CO 


^S^S^' 


C*  «D  «H  «0  O '^  00 


d  id  d  00  d  d  d 


:8 


t~  O  O  QO  i-i  O  Oft 


II 

:a 

•  a 


^ 

s 


a 

o 


ill! 


ti 
II 

o  o 


351 


Digitized  by 


Google 


54 


jioSSSf^gJgggS^^? 


r- 


ONt-'f-li-lOC4»0 


tcai-40co 


•2 


o 
O 

4 


.£3 


ScocDoa 
;?  c-i  -^  a  If 


e  "«r  ©'♦a 


't^ 


•-9 

o 

O 
I 


o 


OaoiA  00  tA  CO 


^lOdflbcD^fooO'-'tnoe 


00  o -^i  ce  a  "#  to  t«  e 


o 


!^ 


H  >i«i  .-I  O  i-iflD 


M»^or-o  o 


CO  CO  O)  lO  CI  CO 


•*«©■*  rH  ri^  l^  CI 


»c  r- a>  c«  CO  M  «-^ 


i 


S»-  oc  ;*  lO  ^  p- 


O  »  r-i  I--  O  ^  O 

Qc  id  d  in  o  d  d 


Wi-t-^Oi-i-^iOiCCCt-® 

ddd^-^diAodooeiiAco 

l'--^M«36Mt-CO^t-fHl« 


3"    " 


o 

< 


S 

p* 


i 


-    iJ   S   te  v^ 

:52|S.5 

^  e*  ¥  ^  -C  *  &L.-  o  a  u  OS 


lAO 

J?  _ 

is 


.2  5  § 

xHf3 


••a 


•'3 


31 


•a  . 


00 


M 

Pi 


CO  ^1- 


o»  d  c  -^  " 


t^ooeooo 

ct  Ok  d  1-^  to' 
•*e»©tof 


offioei^ 


ot^oae* 

§gii^ 

^ 

oaoooifi 

siiss 

2ao%»V 

-^Atacio 

li^si 

eO'V'veo 

acocet-t* 


«  V—  §  c  © 


Digitized  by 


Google 


55 


ec  CO  «D  a»  CO  '^ 


t-t>OO«0C« 

CO  e4  «d  00  o  '<v 


i^Mii 


« »H  1*  o»  r-i  eo 


iisigS 


eoeo«Dt>«or« 

M -vH  «D  «  CO  O 


OQOt*iaaoac« 


t«  to  O  <0  C9  94 - 


N  t- th  •-•  lO  e«s 
oftiodcjd^ 


Sg^|«S5 


oeitoococi-^ 


o-^d-^ddd 


C--  C«  O  CO  O  lO  C9 

00«       CO 


I? 


lU 


Q^ 


8S 


9 


gs 


5 

33 


»r»apo7ii-«  00  i-i  O  o>  CO  93 

0  e»»  o*  ■>«  ■* -"li  ■»»  o  ■*  :» JO  00 


^ 


o 

M 


aorH-<«e4eomc»ooOiHao 


^gCQAiHOi^COCQ^eO 


•oe«iioeocMO<D-^oo-<«co 


oioaoioc4o>ao^cio 


HiHoo(oi>«Dt>a»eoc'i^ 


<«<ooor«oe4ot«i-ioa» 


eooo»9)-«ioe4-i<Dr-ia» 


COCftt*OaOt«00»OS>IO'<li 

-♦weoio     lOcSeo^o 
coefVeo  cf 


t»aooi-^aOfHeO'<«oo9400 
ociaoD     »H  d" 


t- ^   •«De4t>io 
•Jt«^    •'^ddd 


OCQiOC^OaO 


W  lO  t- t- C«  00  o 


«^s 


^-^ONCSICO 


3a»  oa»om 


•«Ok«D^-«o 


93 


5-cg    ^ 


CI '^  C«  i-i  00  S>  CO 


CO  90  f-l  M  t^  C4  Cb 


S-^O^OOO 


•O  O  iH  00  CM  O  O 

d  d  d  d  (P  00  C4 
eg  e^  t"  ■«i«  35 1-  »o 

g«      d- 


•5g|^ 


if 
it 
II. 


g. 


gS 


I 

1 

^  i 

8    1  S 


13 


nio>oS«D3So<oi>K- 


ir  t-  t-  r-  r-  •-< 

to  <D  QO  CO  CO  l^* 


Digitized  by 


Google 


56 


M 

^ 


00 

I 


*« 

1^ 

tJ 

e 

Q 

'? 

» 

^ 

« 

M 

> 

^ 

M 
« 

— 

1 

o 

'^ 

«> 

00 

« 

c 

*« 

c 

i 

S 

s. 

ft 

•m 

cs 

:s 

be 

<S 

1  if 

* 

'  P^ 

?-t«aBO<-4eo«9«D«Doe4ak 


5-*iHineonaoiaa»'Hoo« 


e  I     .2^ 


«<  o 


••"or 


5  1-4  CD  lA  lO  L^  O)  C4  la  U3  O  O 


c 


««oo<0(oeoceoc<i«D«D 


P  9 


o 

s 

H 


.1?^^ 


K  oo  ci  ri  -t  «■  "*  ci  o  o  «  uj 


Si 


5i;" 


o  d  o  t-'  d  o 


t--  I-  O  «  lO  «  •-• 

O  t-  S  O  M  O 


t>^ao  at«o 


oc  o  e<9  o  o  00  o 

ao  N  c^  !«'  •-«  00  d 
t'  «  .^  X  «  I-  00 


XNCOOOOOO 
t^ -^  i-<  CO  ©  1-1  •-• 

d  t^  d  in  d  d  d 


ftOSJOOiftO 

O  CO         00         r-l 


S5! 


ton 

8 


is 


Is 
111 


1^ 


fc'*  H^  1^  w«  ^^  i  -  •,  i»  «.^-  >^*  -««»  1.^  '-r  ■  .  1 '-  w*  »-^  :-r 

cc  xoo  X  a»o»0)a»  o)  o  o  o  =  qc<-<co 

l-l-l- t^i-t-l-l-l-OCOp  OCTCXXX'^ 

(D«D««0«D4D«0«DfOeO  cdO<OOt-« 


Digitized  by 


Google 


57 


Serial 
No. 


16667 
1GG96 
I66O:) 
lO&'JH 
1G57U 
16725 
16754 
167S3 


Table  8  A. — Chemical  composition  of  the  meat  of  the  pigsj  hy  cute. 

AMERICAN  CLEAll  BACKS. 

[Data  are  stated  in  ])ercentage8  of  the  original  material.] 

,       Nitrogenous  substances. 


l*ig,  number  and 
varielv. 


Water. 


1.  IJerkHhin' 32.27 

2.  Tam worth 29. 1 3 

3.  Chester  White 23. 72 

4.  I'oland  China '  20. 13 

5.  Dtiroc  Jersey 20.  75 

6.  Dnroc  JerseV 20. 32 

7.  I>uroc  Jersey 20. 23 

8.  Yorkshire 28. 55 


Means . . . 
Maxima  . 
Minima . . 


Pro. 

Fat.    jteidsin 

soluble 

in  hot 

water. 


25.14  ,  67.41 
32.27  73.05 
20.23       57.'«» 


Table  S  B. — Chemical  composition  of  the  meat  of  the  pigs,  hy  cuts. 

AMERICAN  CLEAR  BELLIES. 

[DatA  are  stated  in  percentages  of  the  original  material.] 


Serial 
No. 


166C9 
106»8 
16611 
16640 
16581 
16797 
ie756 
16785 


Pig,  number  and 
variety. 


1.  Berkshire 

2.  Tam  worth 

3.  CheMter  White 

4.  Poland  China  . 

5.  DuToc  Jerney  . 

6.  Duroc  Jersey  . 

7.  Duroc  Jersey  . 

8.  Yorkshire 

Means 

Maxima  . . . 
Minima 


31.41 

GO.  18 

5.41 

37.27 

73.56 

7.00 

21.53 

51.93 

2.81 

0. 65  ,     0. 86       6. 92         0. 18  , 
1.25       1.22  I    8.78      cO.48 
0. 38  ,     0.  31  I     3.  50         0.  08  I 


99. -10 


0. 48  09. 09 
0.55  I  99.40 
0.21       98.65 


Tablk  8  C. — Chemical  composition  of  the  meat  of  the  pigs y  by  cuts. 

SHORT  CUT  HAMS. 

[Data  are  stated  in  percentages  of  the  original  material.] 


Serial 
No. 


1C671 
16700 
16613 
16642 
16583 
16729 
16758 
16787 


Pig,  number  and 
variety. 


Water. 


I       Nitrogenous  substances. 

^'*^-     ^otb^re   «el.VS^^-^^    Total.' **^^- 
in  hot  I  n*'"**-    ^»»**«- 
water. 


1.  Berkshire '  60.29  I 

2.  Tam  worth 67.9:1 

3.  Chester  White 53. 15 

4.  Poland  China 54. 78  , 

5.  Durttc  Jersey 50.  45 

6.  Duroc  ,1  crsey 37.  26  , 

7.  Duroc  Jersey 44. 26  I 

S.Yorkshire 59, 14| 

Means 52.16 

Maxima 60.29 

Minima 37.20 


22.19       14.00 
24.45  I     13.00  I 
30.09       U.l'i  I 
30.12  I 
35.94 


39. 10 
43.  :i8 
25.23  I 


10.69 
8.38 

17.38 
9.56 

11.50 


0.09  I 
0.63  I 
0.63 
0.81 
1.00 
1.25  , 
0.87 
0.87 


1.15 

1.25 

1.97  , 

1.28 

0.50 

l.t)9 

0.81 

1.00 : 


15.84 
14.88 
13.7:i 
12.78 
9.88 
2U.32  I 
11.24  , 
13.  46  . 


c  0.  (55 
0.21! 
0.  35 
0.  'J:{ 
0.  0.1 
0.  35 
c  0.  4.') 
c  0.  42 


30.  18 
43.  38 
22.  10 


11.96 

17.38 
8.38 


0.84 
1.25 
0.63 


1.22  14.02  0.^4 
1.  07  20.  32  '  c  0.  6.-. 
0.  81  ,     0.88         0.  Ot 


Ash.     Total. 


0.96 
0.84  ' 
0.80 
0.76 
0.71   , 
1.32  I 
0.  05 
0.74  , 


99.93 
98.  ;J2 

09.  »)2 
08  67 
97.  01 
08.  35 
99  98 
98  09 


(I.  8:»  98.  79 
1..V2  I  QQ.'JA 
0.03       97.01 


a  In  extracted  sample.        b  Calculated  fnim  averages  of  like  cuts.        e  In  residue  and  fat  extract. 
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Table  8  D. — Chemical  oomposition  of  the  meat  of  the  pigs j  hy  outs. 

NEW  YORK  SHOULDERS. 

[Data  are  stated  in  percentages  of  the  original  material.] 


Fig.  nnmber  and 
variety. 


1.  Berkshire 

2.  Tain  worth 

3.  Chester  White 

4.  Poland  China. 

5.  Duroc  Jersey . 
0.  Dtiroo  Jersey  . 
7  Duroc  Jersey . 
8.  Yorkshire.... 

Means 

Maxima  . . . 
Minima 


Nitrogenous  substances. 


Water. 


54.07 
65.07  ' 
40. 16  I 
fL72  ' 
44. 16  I 
30. 46 
44  62  I 
40.  57  I 


I    Pro- 
Fat.    teids  in 


20.01 
20.08 
37.62 
33.74 
43.74 
40.18 
42.65 
36.00 


48.50 
56.07 
30.46 


37.75 
40.18 
20.01 


soluble 
in  hot 
water. 


Gelati. 
noids. 


11.25 

0.81 

n.25 

0.87 

9.44 

0.87 

7.81 

0.63 

7.63 

0.63 

7.50 

0.04 

0.06 

0.94 

8.50 

0.87 

Flesh 
bases. 


1.56 
1.10 
1.34 
0.94 
LOO 
L06 
0.87 
LOO 


ces. 

Leci- 

Totol. 

thin,  a 

13.62 

0.15 

13.31 

0.24 

1L65 

0.28 

0.38 

0.30 

0.35 

0.10 

0.50 

0.12 

10.87 

&0.62 

10.46 

0.17 

Ash.     ToUL 


0.89 
0.79 
0.71 
0.50 
0.55 
0.84 
0.01 
0.63 


08.64 
99.30 
99.42 
95.73 
97.00 
90.10 
09.67 
06.02 


0.06 
1L25 
7.50 

0.82 
0.01 
0.63 

L14 
L66 
0.87 

U.02 
13.62 
0.35 

0.25 

&0.62 

0.10 

0.74  I  08.  b5 
0.01  ,  90.67 
0.55  I    AS. 73 


Table  8  E. — Chemical  composition  of  the  meat  of  the  pigs,  by  cuts. 

FEET. 

[Data  ar«  stated  in  percentages  of  the  original  material.] 


Serial 
No. 

Pig,  nnmber  and 
variety. 

Water. 

Fat. 

16675 

1    Berkshire 

6L28 
58.66 
53.05 
50.66 
64.16 
51.84 
55.08 
57.47 

16.83 

16704 

2.  Tarn  worth 

21.23 

16617 
16646 
16587 
16733 
16762 
16791 

3.  Chester  White 

4.  PoUud  China 

5.  Duroc  Jersey 

6.  Duroc  Jersey 

7.  Duroc  Jersey 

8.  Yorkshire 

26.74 
31.32 
26. 10 
20.47 
25.25 
30.86 

Means 

56.30 
61.28 
50.66 

25.00 

Maxima 

Minima 

3L32 
16.83 

Nitrogenous  substances. 


Pro- 
teids  in- 
soluble 
in  hot  I 
water.  , 


Gebiti-    Flesh 
noids.  '  bases. 


I 


12.10 
1L63 

0.88 
11.00 
10.10 
10.66 
12.38 

5.13 


10.37 
12.38 
5.13 


4.60 

2.34 

3.38 

2.06 

6.88 

L06 

4.19 

0.07 

2.19 

2.00 

2.88 

2.31 

2.63 

1.53 

L63 

L53 

3.50 

L05 

6.38 

2.06 

L63 

0.07 

Total. 


10.22 
17.07 
17.32 
16.16 
15.28 
15.75 
16.54 
8.20 


Leci- 
thin.a 


Ash.  iTotaL 


60.61 

60.61  I 

0.10  I 

0.15  I 

cO.82 

hO.'iS  , 

6  0.36  I 

0.08 


0.82 
0.86 
0.64  I 
0.01  I 
0.70 
0.75  I 
0.78  I 
0.41  , 


08.76 
09.23 
98.04 
99.20 
96.71 
08.16 
88.01 
07.11 


15.82 

0.82 

0.77 

10.22 

6  0.61 

0.01 

8.20 

0.08 

0.41 

06.28 
00.23 
06.71 


Table  8  F. — Chemical  composition  of  the  meat  of  the  pigs,  by  cuts, 

SPARERIBS. 

[Data  are  stated  in  percentages  of  the  original  material.] 


Pig,  number  and 
variety. 


1.  Berkshire 

2.  Tam  worth 

3.  Chester  White 

4.  Poland  China 52.05 

5.  Duroc  Jersey ,  54. 

6.  Duroc  Jersey I  49. 84 

7.  Duroc  J  ersey 53.  20 

8.  Yorkshire i  52.31 

Means '  52.17 

Maxima i  54.09 

Minima '  49.20 


a  In  extracted  sample.        6  In  residue  and  fat  extract.        e  Calculated  from  averages  of  like  oata. 
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Tabls  8  G. — Chemical  composition  of  ilie  meat  of  the  pigs,  hif  onto. 

TENDERLOINS. 

[Data  are  stated  in  i)ercentagea  of  the  original  material.; 


variety. 

Water. 

Fat. 

Nitrogenous  suhstances. 

Led- 
thin.a 

Ash. 

Serial 

Pro- 

teidsin- 

soluhle 

in  hot 

water. 

Gelati- 
noids. 

0.50 
0.56 
0.44 
0.69 
0.38 
0.63 
0.50 
0.81 

Flesh 
bases. 

1.06 
0.91 
1.03 
0.78 
1.09 
0.87 
0.56 

1.03 

ToUl. 

Total. 

16679 
16708 

1.  Berkshire 

2.  Tain  worth 

68.06 
65.52 

8.78 
13.51 

18.56 
17. 1.S 

20.12 
18.60 
18.16 
19.10 
19.78 
1&81 
15.75 
17.84 

0.49 
60.91 
0.40 
0.39 
0.35 
0.56 
0.32 

1.17 
LOO 
LOO 
L13 
L14 
LOS 
0.86 
L04 

98.62 
99.60 

16621 
1G650 
16501 
16737 
16766 
16795 

3.  Chester  White 

4.  Poland  China 

5.  Doroc  Jersey 

6.  Dnroc  Jersey 

7.  Dnroc  Jersey 

8.  Yorkshire 

65.97 
67.43 
66.55 
63.86 
72.83 
66.65 

13.47  ;     16.69 
10. 95       17. 63 
11.41       18.31 
14.81       17.31 
9. 35       14.  69 
13.07  1     16.00 

99.08 
90.00 
99.23 
99.09 
90.11 

QQ  9H 

Means 

Maxima 

Minima 

1 



67.11 
72.83 
63.86 

11.92 
14.81 
8.78 

17.04 
18.56 
14.69 

0.56 
0.81 
0.44 

0.02 
1.09 
0.56 

18.52 
20.12 
15.75 

0.61 

60.91 

0.32 

LOO 
1.17 
0.86 

90.12 
99.60 
98.62 

Table  8  H. — Chemical  composition  of  the  meat  of  the  pigs,  by  cuts. 

NECK  BONES. 

[Data  are  stated  in  percentages  of  the  original  material.] 


Pig,  number  and 
variety. 

1.  Berkshire 

Wat«^r. 

Fat. 

Nitrogenous 

substances. 

Leci- 
thin, a 

Ash. 

Serial 
No. 

Pro 
t«ids  in- 
soluble 
in  hot 
water. 

Gelati- 
noids. 

Flesh 
bases. 

Total. 

Total. 

16680 

55.70 
55.52 
53.50 
55.23 
52.48 
49.30 
52.10 
55.13 

27.92 
26.03 
29. 52 
28.27 
30.31 
34.92 
30. 92 
■  26.71 

12.44 
13.38 
12. 19 
10.25 
12.50 
11.69 
12.38 
13.  .11 

0.76 
L31 
0.75 
L13 
0.75 
0.94 
L13 
1.00 

1. 06     14. 25 
1.40     16.09 
1.31      14.25 
1. 75     13. 13 
1.40     14.65 
LOO     13.69 
0. 62  I  14. 13 
L15     15.46 

60.68 

60.83 

0.25 

60.45 

U.20 

0.28 

60.55 

60.54 

0.81 
1.02 
0.87 
0.91 
0.94 
0.87 
0.94 
0.99 

99.36 

16709 

2.  Tnm  worth 

99.49 

16622 
16651 
16592 
16738 
16767 
16796 

3.  Chester  White 

4.  Poland  China 

5.  Duroc  Jersey 

6.  Dnroc  Jersey 

7.  Duroc  Jersey 

8.  Yorkshire 

98.30 
97.99 
98.58 
99.06 
98.64 
98.83 

Means 

53.62 
55.70 
49.30 

29. 33       12. 27         0. 97 
34.92       13.38         L31 
26. 03        10. 25         0. 75 

L22  I  14.46 
1.75  1  16.09 
0.62     13.13 

0.47 

60.83 

0.20 

0.92 
1.02 
0.81 

98  79 

Maxima 

Minima 

99.49 
97.99 

Tablb  8  T. — Chemical  composition  of  the  meat  of  the  pigs,  by  cuts, 

BACKBONES. 

[Data  are  stated  in  percentages  of  the  original  material.] 


Pig,  number  and 
variety. 

Water. 

Fat. 

Nitrogenous  substances. 

Leci- 
thin, a 

Ash. 

Serial 
No. 

Pro- 

teidsin 

soluble 

in  hot 

water. 

Gelati- 
noids. 

Flesh 
bases. 

Total. 

Total. 

16682 

L  Berkshire 

52.83 
51. 06 
50.39 
51.26 
48.77 
47.54 
53.09 
50.65 

27.22  I     14.38 

0.87 
0.87 
0.56 
0.81 
0.81 
1.06 
LOO 
L25 

L44 
1.22 
L34 
L34 
1.65 
LIS 
1.19 
1.28 

16.60 

15.78 
15.28 
15.09 
18.84 
15. 02 
16. 13 
Ifi  AH 

0.26 
0.26 
0.23 
0.27 
0.41 
0.36 
60.44 
6  0  7R 

L24 
1.10 
LOS 
LOS 
1.23 
0.92 
1.02 
1.1« 

08.24 

16711 

2.  Tarn  worth       

30.67 
31.65 
30.98 
29.40 
35.96 
28.07 
90  Itl 

18.69 
13.38 
12. 94 
16.38 
12.81 
13.88 
14.13 

08.86 

16624 
16653 
16504 
16740 
16760 
16708 

3.  Chester  White 

4.  Poland  China 

5.  Dnroc  Jersey 

0.  Dnroc  Jersey 

7.  Duroc  Jersey 

8.  Yorkshire    

98.60 
98. 65 
98.65 
9!(.  80 
98.75 
98.88 

Means 

50.70 
53.09 
47.54 

30. 45 
35. 96 
27.  22 

13.95 
16.38 
12.81 

0.91 
L25 
0.56 

L.33     16.19 
L65  1  18.84 
1. 15  1  15. 02 

0. 38       1. 10 

60.78       L24 

0. 23       0. 92 

9H.81 

Maxima 

Minima 

99.80 
98.24 

a  In  extracted  sample. 


6  In  residue  and  fat  extract. 
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Table  8  J. — Chemical  composition  of  the  m,eat  of  the  pigs f  by  cuts. 

TRIMMINGS. 

[DatA  arc  stated  in  percentages  of  the  original  material.] 


Serial 
No.    ' 


Pig,  number  and 
variety. 


16684 
16713 
16626 
16655 
16596 
16742 
16771 
16800 


'  1.  Berkshire 

I  2.  Tam worth 

I  3.  Chester  White 
{  4.  Poland  China  . 

5.  Duroc  Jersey 

6.  DurocJersey 
I  7.  Duroc  Jersey 
'  8.  Yorksliire  . . . 


Nitrogenous  substances.  |  I 

water,  i  III 


5.19  , 

5.31 

:j.25 

3.69  I 

3.25 

3.06 

3.38 

4.56 


0.69  , 

1.03 

6.91 

0.81 

1.03 

7.15 

0.50 

0.84 

4.  59 

0.44  1 

0.60 

4.82 

0.44 

0.87 

4.56 

0.38 

0. 50 

3.94 

0.63 

0.75 

4.76 

1.00 

0.94 

6.50 

0.11 
0.10  ' 
0.07 
0.06  I 
0.08  ' 
0.07  , 
bO.ll  ' 
60.44 


0.41 
0.4:)  , 
0.31 
0.32 
0.30  I 
0.25 
0.28 
0.39 


99.11 
99.20 
99.01 
99.15 
99.15 
99.  .'>4 
99.20 
99.26 


Means 23.33 

Maxima 20. 68 

Minima I     16.51 


70.00  3.96  , 
78.  78  I  6. 31  , 
62.00         3.06  ' 


0.61 
1.00 
0.38 


0.83 
1.03 
0.50 


5.40 
7.15 
3.94 


0.13  I    0.34       99.20 

&0.44  ;     0.43       99.54 

0.06       0.25  I    99.01 


Tablk  8  K. — Chemical  composition  of  the  meat  of  the  pigs ^  by  cuts. 

TAIL. 
[Data  are  statod  in  ])ercentage8  of  the  original  material.] 
N^itrogeuoas  substances. 


Serial .      Pig,  nunil>er  and 
No.  variety. 


16715 
16628 
16657 


16744 
16773 
16802 


1.  Berkshire 

2.  Taniworth 

3.  Chester  White. 

4.  Poland  China.. 

5.  Duroc  tlersoy. 

6.  Duroc  Jersey. 

7.  Duroc  Jersey. 

8.  Yorkshire  . 


Means . 
Maxima  . 
Minima  . 


Water. 


Aah.     Total. 


17.  46  76.  84  | 

25.77  I  84.62  i 

U  54  07.08  : 

I 


3.64 

5.75 
2.00 


0.57  I 
1.06  I 
0.31  , 


0.56  ,  4.77  0.20  0.28  ,  99.55 
0.  78  6. 81  I  h  0. 55  0. 39  100. 10 
0.41  ;     2.93         0.06  I    0.20       99.31 


Tablk  9. — Average  compoHXiion  of  the  meatn  from  all  the  cuts  of  each  animal. 

[Percentages.] 


Number  and  name  of  pig. 


Water. 


I.Berkshire 43.12'  43.98 

2.  Tamworth I  40.60  47.22 

3.  Chewier  White 35.13  54.83 

4.  I'oland  China 37.17  62.27 

5. .  Duroc  J  erst- V 31 .  82  59.  OS 

6.  Duroc  Jersey 29.42  60.53 

7.  DurocJersey 29.63  61.83 

8.  Yorkshire..* 39.91  48.32 

Means '  35.8.')  .'■)3.51 

Maxima i  43.12  61.83 

Minima 29. 42  43. 98 


98.45 
98.67 
99.20 
99.49 
98.84 


7.20  , 
9.21 

5.81  , 


0.72 
1.02 
0.62 


0.96  I 

L15 

0.64 


8.88 
11.03 
7.13 


0.23 
0.44 
0.09 


0.54 
0.68 
0.46 


98.99 
99.26 
98.45 


a  In  extracted  sample. 


b  In  residue  and  fat  extract. 


cin  the  residue  after  the  removal.of  the  fat. 
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Tabi^  10.- 


Averages  computed  from  all  the  bones  of  each  cut  of  each  animal  f  without 
matTow. 


[Perceutages.] 


Nitrogenous  subBtances.        | 

-»«»^'»"  ^S3L^-    b^^^^^^^     Total, 
in  hot  I  °*^"^'*-  ;  ^"*®*- 
wat«r.  I  I 


Number  and  name  of  pig.   Water.     Fat. 


Leci- 
thin, a 


Ash. 


Total. 


1.  Berkshire 38.94 

2.  Tamworth 38.06 

3.  Chester  White 40.41 

4.  Poland  China 42.70 

5.  Duroc  Jersey 36. 45 

0.  DumcJersey 33.78 

7.  Duroc  Jersey 36.64 

8.  Yorkshire 41.39 

Means 38.55 

Maxima 42.70 

Minima 33.78 


11.67 

17.50  1 

0.  ,'?8 

1.25  1 

19.13 

0.44 

26.12 

96.30 

15.06 

17.56 

0.69 

0.81  1 

19.06 

0.04 

25.35 

97.57 

17.18 

17.57 

0.50 

1.03 

19.10 

0.06 

21.69 

98.44 

9.87 

16.51 

1.75 

1.56 

19.82 

0.53 

25.25 

98.17 

12.89 

20. 13 

0.56 

1.12 

21.81 

0.50 

26.66 

98.31 

17.64 

17.69 

1.00 

1.22 

19.91 

60.31    ; 

26.06 

97.70 

13.70 

18.94 

0.56 

1.15 

20.65 

cO.43  ' 

27.07 

98.49 

14.08 

18.  32 

0.87 

0.94 

20.13 

0.20  . 

25.30 

101. 10 

14.01  I  18.03 
17.64  20.13 
9.87       16.51 


0.79 
1.75 
0.38 


1.14       19.95  I 
1.56       21.81 
0.81       19.06  I 


0.31  I  25.44 
0.53  I  27.07 
0.04  I    21.69 


98. 26 
101.10 
96.30 


a  In  the  residue  after  the  removal  of  the  fat. 
b  Calculated  from  averages  of  like  cuts, 
ein  residue  and  fat  extract. 

Tablb  11. — Analytical  data  for  marrow. 
[Percentages.] 


Kuuiber  and  name  of  jiig. 


Water. 


Nitrogenous  substances. 


Fat. 


'     Pro-    I 
teldsin-  ..„i„i.. 

i  water. 


Flesh 
bases. 


Total. 


Leci- 
thin,  a 


Ash.      Total. 


1.  Berkshire ,  14.36* 

2.  Tamworth ,  13.31  I 

3.  Chester  White 15.50 

4.  Poland  China 16.74 

5.  DurooJersey 13.22  ' 

S.Yorkshire 14.29 

Means 14.57 

Maxima 16.74 

Minima 13.22 


81.51 
84.48 
79.80 
78.35 
80.97 
81.58 


2.00 

1.38 

1.88 

2.56 

2.88  , 

1.88 


0.19 
0.06 
0.06 
0.13 
0.19 
0.19 


81. 13  ' 

84.48 
78.35 


2.10  , 
2.88  I 
1.38 


0.14 
0.19 
0.06 


0.06         2.25         0.46    98.58 

0.06  ,       1.50         0.05    99.34 

0. 06  I      2. 00       (0. 06) 97. 42 

0.03         2.72       (0.06) 97.87 

0.09  i      3.16       (0.06) 97.41 

0. 03         2.  10         0. 06    98. 03 

2.29         0.13    98.11 

3.16         0.46    99.34 

1.50         0.05    97.41 


0.06  I 
0.09 
0.03  ; 

t 


alu  the  resi<lue  after  removal  of  the  fat. 


Table  12. — Analytical  data  for  shin. 
[Percentages.] 


Number  and  name  of  pig.  i  Water. 

I 


1.  Berkshire .'50.24 

5:1.  38 
40.78 
46.81 
35.49 
45.20 
50.39 


2.  Tamworth. 

3.  Chester  White.. 

4.  Poland  China.. 

5.  Duroc  Jersey... 

6.  DurooJersey.., 

7.  Duroc  Jersey... 


Means ....    46.33 

Maxima I    55.38 

Minima I    35.49 


Nitrogenous  substances. 


I     Pro- 
Fat,     teids  in- 
soluble 
I  in  hot 
water. 


Gelati- '   Flesh 
noids.     bases. 


17.11 
14.15 
31.17 
23.31 
38.16 
20.59 
15.75  , 


25.25 
16. 62 
4.50 
8.87 
3.69 
13.50 
19.19 


6.69 
9.00 
6.06 
11.44 
11.38 
6.00 
10.13 


1.37 
3.12 
7.89 
5.37 
4.93 
6.08 
3.34 


Total. 


33.  31 
28.74 
18.45 
25.68 
20.00 
25.  58 
32.66 


Leci-    I 
thin,  a  i 


22.89  .    13.09 
38.16       25.25  I 
14.15         3.69 


8.67  ' 
11.44  , 
6.00 


4.  59  I  26.  lib 
7.89;  33.31 
1.37  I     18.45 


6  0.41 
6  0.25 
0.10 
0. 25 
0.09 
0.06 
6  0.15 


Ash. 


0.63 
0.  60 
0.53 
0.63 
0.48  I 
0.63  I 
0.78 


Total. 


101.70 
99.  17 
91.03 
96.  (>8 
m.  L'2 
92.  06 
99.73 


0.19 
0.41 
0.06 


0. 62  96.  52 
0. 78  101.  70 
0.48  I      91.03 


a  In  the  residue,  after  removal  of  the  fat. 


b  In  residue  and  fut  extract. 
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Tablb  IS.—AntUjftiodl  data  for  spinal  cord, 

[Percentages.] 


Water. 

Fat. 

Nitr 

Pro- 
teids in 
soluble 
iu  hot 
water. 

3.88 
4.06 
5.50 
8.56 
6.06 

ogenoufl 

substances. 

Leii- 
thin.  a 

Ash. 

Namber  and  name  of  pig. 

Gelati- 
noids. 

0.09 
0.63 
1.06 
0.94 
1.00 

Flesh 
bases. 

0.16 
0.34 
0.22 
0.47 
0.28 

ToUl. 

TotaL 

1.  iierkshire 

65.70 
46. 45 
48.86 
59.  50 
20.84 

26.76 
45.39 
42.94 
23.62 
67.82 

4.73  1   61.47 
5.03      C2.95 
6.78  i    cl.lO 
9.97      61.47 
7.34      cO.70 

-0:23 
0.56 

98.66 

2   rTniu Worth  ........... 

100.05 

4.  Poland  China 

100.24 

5.  Duroc  Jersey 

94.56 

06.20 

Means 

Maxima 

Minima 

48.27 
65.70 
20.84 

41.21 
67.32 
23.62 

5.61  1 
8.56  . 
3.88  1 

0.86 
1.06 
0.63 

0.29 
0.47 
0.16 

6.77 
9.97 
4.73 

el. 54 
C2.95 
CO.  70 

0.39 
0.56 
0.23 

97.94 
100.24 
94.56 

a  In  the  residue  after  removal  of  the  fat.       6  In  fat  extract  calculated  Arom  averages  of  like  cuU. 

e  In  fat  extract. 


Table  14. — Analytical  data  for  tendons. 

[Percentages.] 


Number  and  name  of  pig. 


1.  Berkshire 

2   Tarn  worth 

3.  Chester  Whit« 

4.  Poland  China. 
0.  Duroc  Jersey . 
7'  Duroc  Jersey.. 

Means 

Maxima — 
Minima . . . 


Water. 


58.43 
61.55 
60.12 
56.68 
59. 62 
57.91 


50.05 
61.55 
56.68 


Nitrogenous  substances. 


I    Pro- 
Fat,     teids  in- 
'  soluble 
I  in  hot 
water. 


13.40 
8.09 

ia41  I 

11.68  ' 
9.32 

14.02  I 


22.24 
24.19 
24.25 
24.75 
23.25 
22.94 


11. 15 
14.02  I 
8.09  ' 


I 


23.97 
25.25 
22.44 


Gebkti- 
noids. 


4.44 
4.31 
3.25 
5.50 
4.63 
3.04 


Flenh 
bases. 


0.62 
1.37 
1.31 
0.97 
1.31 
0.97 


4.35 
5.60 
3.25 


1.10 
1.37 
0.62 


Total 


29.41 
31.22 
27.50 


Total. 


100.87 
101. 17 
100.47 


a  In  the  residue  after  the  removal  of  the  fat. 


6  In  residue  and  fat  extract. 


Table  15. — Analytical  data  far  hoofs, 
[Percentages.] 


Water. 

Fat. 

Nitrogenous  substances. 

Number  and  name  of  pig. 

Proteids 

insoluble 

in  hot 

water. 

Gelati- 
noids. 

1 

Total. 

1.  Berkshire ,.. 

41.00 
43.47 
39.31 

0.86 
0.61 
0  70 

58.00 

0.93 
0.98 
0.89 
0.81 
0.85 

100  88 

2.  Tarn  worth 

55  53 

100  60 

3.  Chester  White 

60  25 

101  15 

4.  Poland  China 

47.  52  1        0. 60 
a*).  10           0. 74 

R9  31 

101.24 

5.  Duroc  Jersey 

1 Ai.  iia 

101.32 

6.  Duroc .'  ersey 

44.  68           0. 60 

53.50 

1.02 

99.89 

7.  Duroc  Jersey 47.12 

8   Yorkshire 52  26 

1 

65.69 

0.49 



1    46. 75 

6.71  '    166  21 

Means 

43.82           0-87 

55  85 

0.88 
1.02 
0.71 

100  77 

Maxima 

52.26 
35. 10 

0.86 
0.49 

64.63 

101  32 

Minima ,  .r-,,-.-  r  ■, , . 

46.75 

99.89 
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Tablk  16. — Weights  of  the  entire  animals  and  their  raiioHs  cutSf  as  weighed  in  Chicago 
and  in  Washington f  together  with  the  apparent  percentages  of  gain  or  U>ss  in  traneit. 


Two  clear  backs. 


Number  and  name 
of  pig.  j 


Chicago. 


Washing 
ton. 


Two  clear  Imllies. 


Two  short-cut      i    Two  Now  York 
hams.  I         shoulders. 


Chicago. 


15. 5^1 5 


370.  J 


1.  Berkshire: 

Pounds 

Grams 

2.  Tam worth: 

Founds 

Grams 

3.  Chester  White : 

Pounds 

Grams 

4.  Poland  China: 

Pounds 

Grams 

5.  Duroc  Jersey: 

Pounds 

Grams 

6.  Duroc  Jersey: 

Pounds 

Grams 

7.  Duroc  Jersey: 

Pounds '         39)    '         38Z 

Grams 17,9lf.2     17,633.7 

8.  Yorkshire:  1  I 

Pounds '         44      I  43H 

Grams 19,958.4     19,873.4 


35) 

16. 102. 1 

41 

18,597.6  18,370.8 

36 

10, 329. 6  16, 2lB.  2 

40  38| 

18,144.0  17,577.0 

394     I  394 

17. 917. 2  17.^n.  2 

45  44A 

20,412.0  20,185.2 


845.: 


8, 845. 2 

20 
0, 072. 0 

21 
9,525.6 

24 


"^ton"^-  Chicago, 


19J 
8, 731.  8 

19A 
8, 873. 6 

21 
9,525.6 


23| 
10, 886. 2     10, 716. 1 

24      j  24& 

10,886.4      10,943.1 

324     I  32}i 

14,74i0,    14,827.1 


26 
11, 793. 6 

20 
9,072.0 

26 
11,793.6 

21 
9, 525. 6 


^-^'»«-  Chicago. 


23^ 
10,  574. 6 

25i 
11.880.2 

im 

9, 05).  8 

25); 

11. 736. 


204 
9,298. 

21 
9,  525.  6 

21 
9,525.0 


24 
9.     10, 886. 2 


21 


9, 525. 6       8, 845. 2,      8, 


194 
845. 


Washing- 
ton. 


9.395.5 

203 
9, 412. 2 

2011 
9, 440. 5 

23,', 
10,631.1 


i.  987.0 


27  261  22      I  224 

12,247.2     12,190.5       9, 979.21     10,035.9 


284  29                234     I          23^  194               19} 

12,927.6  13,154.4     10,650.6  10,801.4  8,845.2  8,958.6 

22)  23|*.  I          27                271  244              25.«, 

10.206.0  10.461.2     12,247.2  12,360.6  11,113.2  12,502.4 

I I          I  I 


Number  and  namo 
of  pig. 


1.  Berkshire: 

Pounds 

Grams 

2.  Tarn  worth: 

Pounds 

Grams 

8.  Chester  White: 

Pounds 

Grams 

4.  Poland  China: 

Pounds 

Grams 

6.  Duroc  Jersey: 

Pounds 

Grams 

6.  Duroc  Jersey: 

Pounds 

Grams 

7.  Dnroo  Jersey: 

Po&nds 

Grams 

8.  Yorkshire: 

Pounds 

Grams 


Number  and 
of  pig. 


1.  Berkshire: 

Pounds  

Grams 

2.  Tamworth: 

Pounds  

Grams 

3.  Chester  White: 

Pounds  

Orams 


Four  feet. 


Spareribs. 


Tenderloins. 


Neck  bones. 


Chicago. 


Wf^^i^^e-  Chicago.  W«8h»ng-  Chicago. 


3)    I  H    \  5      I  4|     I 

1,594.2       1,514.1       2,268.0       2,212.0 


2, 057. 3       1. 974. 1 
1,152.5       ],23if9 


5 
2,268.0 


1, 360. 8 


3      I 
1,360.8 

I 


2»  I  5 

1.359.r 


1.0       2,2 


2,  ni^T 


1.409.0 
1,969.5' 


1,137.9       1,255.4  1,587.6 

34    I           3|  4 

1,587.6       1,547.2  1,814.4 

i  1 

1,134.0       1,400:0  1,587.6 

2,041.2       2,246.0,  2,268.0 


1,  e3. 0 
i,  6ii;s 

3* 
1,504.0 

2,340.( 


1 
453.6 


1 
453.6 


1 
453.6 


1 
453.6 


1 
453.6 


^""■'8ichic.go.i^V'»^'»8- 


226. 
340. 


1 
453.6 


H 
470.8 

528. 2 

1 
453.6: 

419:8 

»  ! 

348.5 

I 

42f.°; 


2      I 
907.2 


2 

907.2 


0.4 


.333.3 

n 

632.5 


JJ 


2 
007.2 


I 


907.2 

2 
907.2 


1| 

842.5 

l.'W 
886.0 


683.7 

n 

815.6 

II 
784.0 


906.5 

2| 
1,192.3 


Backbones. 
Chicago. 


Trimmings. 


TaU. 


Total. 


1,587. 

4 

1,814.4 


1,134.0 


Wash- 
ington. 


Chicago.  i^«S;    t,„„g.J  J^»h_.   . Chicago;  .— "     £ 


a  h  p 
«  o  « 

I  "'^^ 


O  tt«i 


ojB           lo  16A 

1,580.0,    8,164.8  7,512.8 

4/«  '        18i     '  161 

1, 840.  0     8, 278. 2  7, 541. 1 

2tb  '        27  15* 

1, 172. 6|  12, 247. 2  7, 144 


k    i  t  132i 

113.4         863.0   59,995. 


132i    '      12911    I  Loss. 
2  58,789.6       2.01 


4    '  l^^fl         143       I       140,»o     Loss. 

113.4         707.5   64,880.9  63,946.4 


k    \  n     \      135}  125J 

113. 41        740. 2}  6\,  594. 7|  57, 080. 3 


1.44 


Loss. 
8.07 
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Tablk  16. —  WeUjhU  of  the  entire  animaln  and  their  various  cuts,  etc. — Continued. 


Nnml>er  and  name 
of  pig. 


4.  Poland  China: 

PouudH  

Grams 

5.  Du  roc  Jersey: 

Pounds  .'.... 
Grnnis 

6.  Duroc  Jersey : 

Pounds  

G'-ama 

7.  Duroc  Jersey: 

Ponndrt  

Grams 

8.  Yorkshire : 

Pounds  

Grams 


BackbonoH. 


c»^-«-!  iT^tt. 


3  2,''„ 

1,360.8,     1,315.5 


Trimmings 
Chicago 


Tall. 


21i 


iYg^n    Chicago 


20 
9, 072. 0 


3  3ji     I        20i     I         19U 

1,360.8  1,438.0,    0,185.4     8,930.3 

3*     :  3?  27i  25.»«  I 

1,587.6,  1,546.0    12,360.6    11,368.4 

3       '  3i     '        243     ,        23|,\  I 

1,360.8;  1,482.0   11,226.6   10, 744.7| 


113.4 

k 

113.4 

113.4 
113.4 


Wash- 
ington. 


Chicago 


IrV. 


1  <• 
683.0 

23 
1. 173. 0 

759.0 


4  4i    I        24!     i        188  •    |     I  1|  159J     I       160,1,     Gain. 

1,814.4     1,998.0   11,226.6     8,448.3         113.4]        651.0   72,349.2  72,705.7       0.49 


Total. 

Wash- 
ington. 


a  ^  s 

a  s  * 
«  a  »- 


149      '       1464 
67,586.4'  66,  .372. 


Loss. 
5,      1.80 


136      I  138tV     Gain. 

61.693.5  62,424.1;       1.18 

167*    I  167^^,  I  Loss. 

75,978.0  75,799.4       0.27 

147}    I  149i^    '  (iain. 

67,019.4  67,677.6,      0.98 


Tablk  17. — Relative  proportioin*  of  parU  of  pigs ^  exprensed  in  percentugen,  of  the  entire 
drenned  animal,  the  head^  leaf  lard,  and  kidncyn  having  been  retnoved. 


Weight 

I      in  — 

Number  and  name  of  pig.  pounds  I    ^,         I 

(Wash-     Moat  .  Bones, 
ington).  (fa'a"»l      less 
;  I  lean),    marrow 


Percentages  of  parts. 


I.Berkshire I    129.6  | 

2.  Tamworth !    141 


3.  Chest^T  White 

4.  Poland  China. 

5.  Duroc  Jersey. 

6.  Duroc  Jersey. 

7.  Duroc  Jersey 149.2 

8.  Yorkshire..* 160.3 


125.8 
146.4 
137. 6 
167.1 


88.19 
86.50 
87.94 
90.67 
88.03 
90.93 
89.90 
86.79 


7.44 
8.18 
6.21 
5.30 
5.92 
4.70 
5.07 
7.41 


MoauH 144.0       88.62  . 

Maxima ,    167. 1  |    90.  93 

Minima I     125.8       86.79 


6.28 
8.18 
4.70 


Mar- 
row. 


Skin. 


0.12  1 
0.21 
0.08 
0.11  ' 
0.11  I 
0.10 
0.11  I 
0.13  I 


3.80 
4.71 
5.52 
3.63 
6.75 
4.00 
4.65 
5.30 


0. 12  I  4. 67 
0.21  6.75 
0.08  I      3.63 


Spinal 
cord. 

Ten- 
dons. 

Hoofs. 

0.09 

0.27 

0.09 

0.09 

0.2L 

0.10 

0.07 

0.12 

0.06 

0.08 

0.14 

0.07 

0.04 

0.10 

0.05 

0.07 

0.12 

0.08 

0.08 

0.11 

0.08 

0.09 

0.18 

0.10 

0.08 

0.16 

0.08 

0.09 

0.27 

0.10 

0.04 

0.10 

0.05 

i 

Total. 


100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 


Table  18. — Analytical  data,  esprenned  in  pei'centages,  of  the  entire  dressed  animal,  the 
head,  leaf  lard,  and  kidneys  having  been  removed. 


1 

Nitrogenous  substances. 

1 
1 

Number  and  name 
of  pig. 

pounds. 

Water. 

Fat. 

Pro- 
teids  in- 
soluble 
in  hot 

Gelati- 
noids. 

Flesh 
bases. 

Total. 

Leci-  , 
thin.a  ' 

Ash. 

Total. 

j 

1293 

43.10 

40.46 

water. 
10.45 

0.89 

2.57 

1.  Berkshire  

1.16 

13.02 

0.27  ' 

99.42 

2.  Tamwort  h 

141 

41.09 

42.  97 

9.65 

1.15 

1.14 

11.99 

0.17 

2.83 

98.85 

3.  Chester  White.. 

1       125* 

35.  80 

51.11 

7.39 

0.92 

1.50 

9.85 

0.17 

1.84 

98.77 

4.  rolsiiid  China.. 

I       140? 

37.83 

48.  91) 

7.27 

1.11 

1.21 

9.66 

0.19 

L83 

98.41 

.*>.  Duroc  Jersey  ... 

137^ 

32.  32 

55.  07 

6.55 

1.24 

1.14 

8.99 

0.11 

2.01 

98.50 

«.  Dnroc  Jersey  . . . 

l«7i\, 

30.31 

50. 81 

7.73 

0.93 

1.11 

9.80 

0.19  1 

L75 

98.86 

7.  Duroc  Jersey  ... 

1    \m 

30. 58 

57.68 

7.03 

LIO 

0.78 

8.96 

0.42  ' 

1.81 

99.45 

K.   Yorkshire 

100  .-"o 

40.  39 

44.  35 

8.89 

1.42 

1.08 

11.44 

0.31 

2.40 

98.89 

Means 

1       1442  . 

36.43 

49.  07 

8.12 

1.10 

1.14 

10.46 

0.23 

2.11 

98.90 

Miixinia 

,       167  ,>o 

43. 10 

57.68 

10.45 

1.42 

1.50 

13.02 

0.42 

2.63 

99.45 

Minima 

;  i«», 

30.31 

40.46 

6.55 

0.89 

0.78 

8.96 

0.11  ; 

1.81 

98.41 

a  In  extracted  residue,  except  as  noted  in  preceding  tables. 
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DISCUSSION   OF  THE  DATA. 

Tables  1  to  6^  ioclasive,  contain  the  original  analytical  data  from 
which  the  subsequent  data  showing  the  details  of  tlie  composition  of 
the  meat  were  computed.  The  character  of  the  data  in  these  tables  is 
pretty  fully  explained  in  a  previous  part  of  this  report.  These  tables 
arc  particularly  valuable,  because  they  are  the  records  of  the  data  as 
made  at  the  time  the  observations  were  made,  and  therefore  show  the 
extent  and  nature  of  the  analytical  work  more  elaborately  than  would 
be  indicated  by  the  details  of  tabular  data  shown  in  subsequent  tables, 
wliich  were  obtained  from  a  careful  analytical  study  of  Tables  1  to  0. 
It  is  believed  that  witli  the  explanation  previously  given  the  student 
will  be  able  to  understand  thoroughly  the  nature  of  the  tables  men- 
tioned. 

In  Table  7  are  found  the  general  duta  in  parts  by  weight  for  all  the 
different  parts  and  cuts  of  each  animal.  The  footings  show  the  total 
weight,  in  grams,  of  each  constituent  of  each  animal,  and  the  second 
horizontal  column  of  footings  shows  the  percentage  by  weight  of  each 
constituent  for  each  animal.  The  data  in  Table  7  are  calculated  from 
the  original  data  contained  in  Tables  1  to  6,  inclusive.  The  captious 
of  Table  7  will  explain  sufficiently,  the  nature  of  the  data. 

COMPOSITION   OF  TUK   SAME   CUTS   KROM   TIIEDIFFP^RKNT   ANIMALS. 

Tables  8  A  to  8  K,  inclusive,  contain  a  comparison  of  the  composition 
©f  the  meat  of  the  same  cuts  of  each  animal.  Each  table  in  the  cap- 
tion designates  the  character  of  the  cut  of  meat  on  which  the  com- 
parison is  made.     For  instance — 

Clear  hacks, — Table  8  A  is  a  comparison  of  the  composition  of  the 
meat  of  the  American  clear  backs  of  all  the  animals.  A  study  of  the 
data  reveals  quite  a  variation  in  the  composition  of  the  meat  from 
the  different  animals,  and  this  variation  is  found  in  all  the  series  of 
data.  As  in  the  other  cases,  we  find  that  there  is  a  corresponding  rela- 
tionship between  the  water  and  fat,  one  varying  inversely  as  the  other, 
so  that  the  sum  of  the  two  is  almost  a  constant  quantity.  The  extremes 
of  variation  in  water  are  found  in  the  Berkshire  and  Duroc  Jersey, 
namely,  32.27  and  20.23  per  cent,  respectively.  The  extremes  of  fat 
are  also  found  in  the  same  animals,  namely,  57.69  and  73.95,  respect- 
ively. In  nitrogenous  substances,  as  would  naturally  be  expected, 
there  is  a  corresponding  variation,  the  samples  which  have  the  most 
fat,  as  a  rule,  having  a  lower  percentage  of  nitrogenous  bodies,  and 
vice  versa.  This  rule  is  not  of  rigid  application,  but  must  be  regarded 
only  in  a  general  sense.  For  instance,  in  Table  8  A  the  largest  ])er- 
centage  of  nitrogenous  substance  is  found  in  the  Herkshire,  which  also 
has  the  smallest  percentage  of  fat,  while  the  smallest  percentage  of 
nitrogenous  matter  is  found  in  the  Duroc  Jersey,  No.  6,  which,  with 
one  slight  exception,  has  also  the  largest  quantity  of  fat.  The  distri- 
3020— No.  53 5 
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butiou  of  the  nitrogenous  .substances  in  the  meats  of  the  American 
clear  backs  is  found  in  the  table,  where  they  are  divided  into  three 
classes,  namely,  the  true  proteids,  insohible  in  hot  wat^r;  gelatinoids, 
which  are  of  a  true  proteid  character,  but  soluble  in  hot  water,  and  of 
.which  gelatin  is  the  type;  and  the  tlesh  bases,  which  are  soluble  in  hot 
water  and  are  not  precipitated  by  the  action  of  bromin.  The  ash,  as 
would  be  expected  in  animal  products,  entirely  free  of  bone,  is  not 
verj'  large  in  (|uantity.  It  consists  chiefly  of  common  salt  and  the 
phosphates  of  the  alkali  metals.  The  sum  of  the  substances  obtained 
on  analysis  shows  that  very  little  of  the  whole  matter  was  unaccounted 
for,  and,  when  the  nature  of  the  material  on  which  the  work  was  done 
is  considered,  it  is  seen  that  the  summation  is  eminently  satisfactory. 

Char  bellies. — In  Table  8  B  we  find  a  study  of  the  comparison  of  the 
meat  (^f  American  clear  bellies  exactly  analogous  to  that  which  has 
been  described  for  tha  American  clear  backs.  As  a  rule  it  will  be  seen 
that  the  percentage  of  water  in  the  clear  bellies  is  higher  and  the  per- 
centage of  fat  lower  than  in  the  American  clear  backs.  The  general 
remarks  already  made  in  regard  to  the  clear  backs  may  be  applied  to 
this  table  without  tiresome  repetition.  The  relations  between  the  nitrog- 
enous substances  and  the  water  and  fat  and  the  ash  are  practically 
the  same  as  for  those  just  described,  while  the  summation  of  the  analyses 
also  shows  a  satisfactory  accounting  for  the  materials  which  the  chemist 
is  furnished.  It  will  be  noticed  that  the  flesh  bases  in  the  clear  bellies 
are  higher  than  in  the  clear  back:*.  Data  of  this  kind  are  of  a  practical  * 
nature  as  well  as  of  a  scientific  value,  in  indicating  what  portion  of  the 
carcasses  of  animals  could  best  be  used,  for  instance,  for  the  manufac- 
ture of  extracts.  A  similar  study  applied  to  beef  cattle  would  reveal 
data  of  unusual  interest  in  this  respect.  Again,  we  find  the  largest 
percentage  of  water  in  the  case  of  the  Berkshire,  and  also  the  smallest 
percentage  of  fat,  while  the  smallest  percentage  of  water  and  the  largest 
percentage  of  fat  are  found  in  the  Duroc  Jersey,  No.  7,  this  showing  a 
remarkable  concordance  between  the  character  of  the  meats  of  the  two 
cuts  in  the  various  animals. 

Short  cut  hamts. — Table  8  O  contains  a  comparison  of  the  data  of  the 
meat  of  short-cut  hams.  In  this  cut  of  meat  is  found  a  smaller  percent- 
age of  fat,  a  correspondingly  large  percentage  of  water,  and,  of  course, 
in  the  increase  of  the  muscular  tissue,  a  very  largely  increased  amount 
of  nitrogenous  matters.  Again,  the  largest  quantity  of  water  and  the 
smallest  quantity  of  fat  are  found  in  the  meat  of  the  Berkshire,  while 
the  smallest  quantity  of  water  is  found  in  the  Duroc  Jersey,  No.  6,  and 
the  largest  (juantity  of  fat  in  the  Duroc  Jersey,  No.  7.  The  general  rela- 
tion of  water  and  fat  is  thus  found  to  be  the  same  in  this  cut  as  in  the 
two  precreding  ones.  In  regard  to  the  nitrogenous  substances  there  is 
quite  a  remarkable  variation.  The  largest  percentage  of  nitrogenous 
bodies  is  found  in  Duroc  Jersey,  No.  C,  while  the  smallest  is  found  iu 
the  Duroc  Jersey,  No.  5.     It  seems  rather  strange  that  two  animals  of 
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thtt  same  breed  bIiow  such  a  remarkable  discrepancy  in  composition. 
In  this  iDstaiiGe^  however,  there  is  a  deficit  of  material  amounting  to 
almost  3  x)er  cent  nnaocounted  for^  so  that  the  analytical  data  do  not 
have  the  value  which  they  woald  have  did  the  summation  reach  more 
nearly  100.  In  the  short-cut  hams  there  is  found  a  considerable  increase 
in  the  quantity  both  of  gelatinoid  proteids  and  flesh  bases  over  the 
amounts  in  the  cuts  already  described. 

Xew  York  shoulders, — Table  8  D  contains  comparisons  of  the  meat  of 
the  cuts  known  as  New  York  shoulders.  In  this  cut  we  have  a  larger 
percentage  of  fat  than  in  the  one  just  described,  and  a  correspondingly 
smaller  quantity  of  water  and  a  smaller  quantity  of  nitrogenous  bodies. 
The  summation  of  the  analyses  is  not  as  satisfactory  as  in  most  of  the 
preceding  cases,  and  in  one  case  a  deficit  of  4J  per  cent  is  noticed. 
Working,  however,  with  wet  material,  and  in  the  manner  which  was 
made  necessary  in  such  an  investigation,  it  is  not  to  be  wondered  at 
that  often  discrepancies  of  this  nature  may  occur.  These  discrepancies 
are  probably  due  chiefly  to  the  determinations  of  water  and  fat,  which 
are  the  most  diflticult  of  all  connected  with  the  operation  of  determining 
the  composition  of  fresh  meats,  and  inasmuch  as  the  water  and  fat  con- 
stitute by  far  the  largest  iwrtiou  of  the  material  it  is  seen  that  these 
difficulties  must  now  and  then  result  in  failing  to  secure  in  the 
summation  an  accounting  for  all  the  material  present.  The  largest 
percentage  of  water  in  these  cuts  is  found  in  the  Tamworth,  and  the 
smallest  percentage  of  fat  in  the  Berkshire.  The  smallest  percentage 
of  water  is  found  in  Duroc  Jersey,  No.  6,  and  the  largest  percentage  of 
fat  in  the  same  animal.  The  relation  between  the  nitrogenous  sub- 
stances is  sufficiently  indicated  in  the  table,  and  calls  for  no  es]>ecial 
comment. 

Feet. — Table  8  E  contains  a  comparison  of  the  composition  of  the  meat 
of  the  feet  of  the  different  animals.  In  the  feet  we  find  a  marked  dif- 
ference in  the  analytical  data,  and  especially  on  account  of  the  fact 
that  the  feet,  as  is  well  known,  contain  large  quantities  of  gelatin,  and, 
as  the  data  show,  also  considerable  quantities  of  flesh  bases.  The  total 
quantities  of  nitrogenous  matters,  in  proportion  to  the  other  materials, 
is  much  larger  in  the  feet  than  in  the  preceding  cuts,  while  the 
quantity  of  gelatin  is  shown  with  sufficient  emphasis  in  the  tables  of 
analytical  data.  However,  a  remarkable  variation  from  the  type  is 
found  in  the  feet  of  the  Yorkshire  pig,  where  the  total  amount  of 
nitrogenous  matter  is  only  about,  half  of  that  of  the  other  animals. 
The  summation  of  this  analysis  shows  approximately  100  per  cent,  and 
therefore  the  feet  of  this  animal  must  be  regarded  as  differing  essen- 
tially from  those  of  other  pigs  examined.  In  regard  to  the  gelatin  we 
find  that  the  largest  percentage  is  found  in  the  feet  of  the  Chester 
White,  and  the  smallest  in  those  of  the  Yorkshire.  The  largest  quan- 
tity of  nitrogenous  matter  is  found  in  the  feet  of  the  Berkshire,  and  the 
smallest  in  the  feet  of  the  Yorkshire  pig.    Again,  the  Berkshire  leads 
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all  the  others  in  having  a  maximum  quantity  of  water  and  a  minimum 
quantity  of  fat  in  its  feet.  The  smallest  quantity  of  water  was  found 
in  the  feet  of  the  Poland  China,  and  the  smallest  quantity  of  fat  in  the 
feet  of  the  Berkshire. 

Spai'eribs, — Table  8  F  contains  a  comparison  of  the  composition  of 
the  meat  of  the  spareribs.  In  this  case  the  largest  percentage  of  water 
was  found  in  Duroc  Jersey,  Xo.  5,  and  the  smallest  in  the  Tamworth. 
The  smallest  quantity  of  fat  was  found  in  Duroc  Jersey,  No.  5,  and  the 
largest  in  the  Tamworth.  The  spareribs  are  rich  in  nitrogenous  matters, 
mostly  of  a  proteid  nature.  The  content  of  flesh  bases  in  the  Poland 
China  is  remarkably  high,  being  nearly  double  that  of  the  average.  The 
summations  of  the  analyses  for  this  table  are  satisfactory. 

Tenderlohis. — Table  8  G  contains  a  comparison  of  the  tenderloins  of 
the  different  animals.  The  maximum  content  of  water  in  these  cuts 
was  found  in  Duroc  Jersey,  No.  7,  and  the  miTiimum  in  Duroc  Jersey, 
No.  6.  The  maximum  content  of  fat  is  found  in  the  Duroc  Jersey,  No.  G, 
and  the  minimum  in  the  Herkshire.  The  tenderloins  differ  from  all  the 
preceding  cuts  in  having  a  largely  increased  quantity  of  water  and  a 
decreased  quantity  of  fat.  On  account  of  the  muscular  nature  of  the 
tissue  the  proportion  of  nitrogenous  substances  is  larger  than  in  any  of 
the  cuts  preceding.  These  substances  are  mostly  of  a  proteid  nature, 
there  being  only  a  comparatively  small  quantity  of  gelatinoids  and  flesh 
bases.  The  ash  of  these  meats  is  also  quite  high,  showing  a  hirge  con- 
tent of  mineral  nutritive  substances.  The  summations  of  the  analyses 
are  quite  satisfactory. 

Neck  bones. — Table  8  H  contains  a  comparison  of  the  meat  from  the 
neck  bones  of  the  animal.  These  meats  show  quite  a  uniform  composi- 
tion, there  being  less  variation  among  the  different  animals  than  in 
almost  any  of  the  cuts  secured.  For  instance,  the  maximum  content  of 
water  in  these  meats  is  55.70  and  the  minimum  49.30,  while  the  maximum 
content  of  fat  is  .'54.92  and  the  minimum  26.03.  There  is  also  a  quite  uni- 
form agreement  in  the  content  of  nitrogenous  substances  as  a  whole  and 
in  each  particular  class,  the  variations  being  only  nominal.  The  ash  is 
also  uniform  in  amount  and  the  summation  of  the  analyses  satisfactory. 
The  meat  from  the  neck  bones,  therefore,  shows  the  most  uniform  agree- 
ment in  composition  of  different  animals  of  any  of  the  cuts  yet  studied. 

Bavkboiies. — Table  8  I  contains  a  comparison  of  the  composition  of 
the  meat  from  the  backbones.  There  is  aLso  here  a  quite  uniform 
agreement  in  the  content  of  water  and  fat,  the  maximum  content  of 
water  being  53.09  and  the  minimum  47.54,  while  in  the  case  of  the  fat 
the  maximum  content  is  35.9()  and  the  minimum  27,22.  The  whole 
of  the  nitrogenous  substances  show  also  a  greater  uniformity,  the  only 
variation  being  in  the  case  of  Duroc  Jersey,  No.  5,  where  the  total  of 
the  nitrogenous  bodies  is  considerably  liigher  than  the  mean  of  the 
other  animals.  Most  of  the  nitrogenous  matter  in  the  meat  of  the  back- 
bones is  protein,  although  the  quantity  of  flesh  bases  is  in  every  case 
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more  than  1  per  cent.  The  ash  is  also  quite  high,  showing  a  large  pro- 
portion of  nutritive  mineral  matters.  The  summation  of  the  analyses 
is  satisfactory. 

Trhnmingft, — Table  S  J  shows  the  composition  of  the  trimmings  from 
the  different  animals.  These  trimmings,  as  will  be  seen,  consist  chiefly 
of  the  fatty  portions  which  are  rejected  in  preparing  the  cuts  for 
market.  They  are  used  principally  for  the  manufacture  of  lard.  They 
therefore  show  an  excessively  high  content  of  fat  and  a  comparatively 
low  content  of  water  and  of  nitrogenous  bodies  and  ash.  The  summa- 
tion of  the  analyses  of  these  materials  is  therefore  eminently  satisfac- 
tory. The  analytical  data  show  that  the  trimmings  from  the  different 
animals  are  quite  uniform  in  composition. 

Tails. — Table  8  K  shows  the  composition  of  the  meat  cut  from  the 
tails  of  the  animals.  Here  also  we  see  a  large  excess  of  fat,  a  corre- 
spondingly small  proportion  of  water  and  of  nitrogenous  bodies  and  of 
ash.  The  tail  meats  are  not  very  concordant  in  their  composition, 
there  being  large  extremes  shown  in  the  proportions  of  the  various 
constituents.  This  is  in  a  large  measure  due  to  the  carelessness  of  the 
cutters,  as  in  some  cases  large  quantities  of  fatty  tissue  were  left  con- 
nected with  the  cut  designated  as  **tail,-'  while  in  other  cases  the  same 
portions  of  the  animals  were  placed  with  the  *'  trimmings."  The  largest 
amount  of  water  in  the  tail  meats  is  in  the  Tamworth,  and  the  smallest 
in  the  Duroc  Jersey,  No.  5.  The  largest  quantity  of  fat  is  found  in  the 
Duroc  Jersey,  No,  o,  and  the  smallest  in  the  Tamworth.  The  sum- 
mation of  the  analyses  here  is  also  very  satisfactory. 

Averat/e  of  all  cutft, — Table  9  contains  the  average  analyses  of  the 
meats  of  all  of  the  cuts  from  each  of  the  animals.  These  analyses 
were  calculated  from  the  preceding  data,  combining  all  of  the  meats 
into  one  expression  for  each  animal.  These  data  are  true  averages; 
that  is,  each  part  making  up  the  mean  in  each  case  was  given  a 
weight  according  to  the  actual  amount  of  matter  which  it  represented. 
The  data  therefore  show  in  a  condensed  form  the  variations  between 
the  composition  of  the  meats  of  the  different  animals.  It  would  not 
be  fair  to  ascribe  the  differences  which  are  noticed  in  the  composition 
of  the  meats  solely  to  the  iuiiuence  of  the  breed,  because  with  the 
exception  of  one  instance,  where  there  are  three  animals  of  one  breed, 
each  breed  is  represented  only  by  a  single  animal.  Tn  the  case  men- 
tioned, however,  where  there  are  three  animals  representing  the  Duroc 
Jersey,  it  is  seen  that  there  is  a  marked  agreement  in  the  meat  from 
each  one.  It  is,  therefore,  fair  to  presume  that  the  single  animal  for 
the  other  breeds  represents  fairly  well  types  of  that  breed.  With  this 
statement  the  data  have  a  greater  value  as  showing  the  comparison 
between  the  meat  of  breeds  than  they  would  have  had  had  there  been 
only  a  single  Duroc  Jersey  in  the  list.  A  study  of  the  data  shows  that 
the  Berkshire  pig  leads  all  others  in  having  the  maximum  percentage  of 
water  and  the  minimum  percentage  of  fat.    The  Berkshire,  therefore. 
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pound  for  pouud,  represents  the  least  nutritive  value  of  any  of  the 
breeds  examined.  Notwithstanding  this  fact,  the  Berkshire  heads  the 
list  of  all  in  its  percentage  of  nitrogenous  substances,  and  this  com- 
pensates in  a  large  degree  for  its  increased  percentage  of  water. 
There  is  quite  a  satisfactory  agreement  between  the  nitrogenous  sub- 
stances in  the  distribution  thereof  in  the  three  classes  named.  The 
percentage  of  gelatinoid  nitrogenous  matters  is  fairly  constant,  only 
in  one  instance,  namely,  that  of  the  Yorkshire,  rising  much  above  the 
average.    All  the  other  percentages  are  very  near  that  of  the  mean. 

In  regard  to  the  flesh  bases,  only  one  falls  considerably  below  the 
average,  namely,  the  Duroc  Jersey,  No.  7,  the  others  being  very  close 
to  the  mean.  In  total  nitrogen  there  is  a  marked  deficit  in  the  case  of 
tho.  Duroc  Jersey,  No.  7,  but  this  is  due  not  to  the  influence  of  breed 
alone  upon  the  composition,  but  to  the  large  excess  of  fat  in  the  meat 
of  this  animal. 

The  ash  shows  a  fairly  constant  number  throughout,  varying  very 
little  from  the  mean. 

The  summation  of  the  analyses  is  fairly  satisfactory.  In  no  case  is 
there  as  much  as  2  per  cent  unaccounted  for,  the  largest  deficit  being 
in  the  case  of  the  Poland  China,  where  it  amounts  to  1.65  per  cent. 
When  the  nature  of  the  material  upon  which  the  work  was  done  is 
considered,  the  figures  are  eminently  satisfactory.  These  data  aflfbrd, 
it  is  believed,  a  better  basis  for  nutritive  studies  of  the  meat^  of  pigs 
than  has  heretofore  been  supplied  from  any  chemical  laboratory. 

Average  of  hones, — Table  10  contains  the  average  composition  of  all 
the  bones  of  each  animal.  No  separate  analyses  of  the  bones  from  each 
cut  were  made.  For  each  pig  one  composite  sample  was  ;nade,  includ- 
ing all  the  bones  of  the  animal.  As  is  to  be  expected  in  a  case  of  this 
kind,  it  was  found  that  the  composition  of  the  bones  is  reasonably  uni- 
form in  the  diflferent  animals.  In  regard  to  water,  the  largest  quantity 
was  found  in  the  bones  of  the  Poland  China,  namely,  42.70,  and  the 
smallest  in  the  bones  of  the  Duroc  Jersey,  No.  6,  namely,  33.78  per 
cent.  In  regard  to  the  content  of  fat,  the  largest  quantity  was  found 
in  the  bones  of  the  Duroc  Jersey,  No.  6,  namely,  17.64  per  cent,  and  the 
smallest  in  the  bones  of  the  Poland  China,  namely,  9.87  per  cent.  The 
bones  are  extremely  rich  in  nitrogenous  substances,  and  these  consist 
mostly  of  the  proteid  matter  insoluble  in  hot  water.  The  quantity  of 
gelatinous  matter  in  bones  is  not  so  great  as  would  be  expected,  being 
but  little  more,  as  a  rule,  than  in  the  meats.  On  the  other  hand,  the 
quantity  of  flesh  bases  is  larger  than  would  be  expected,  being  consider- 
ably in  excess  of  the  quantity  of  gelatinous  matter.  The  total  quantity 
of  nitrogenous  matter  iu  the  different  animals  is  remarkably  near  the 
mean,  the  mean  quantity  being  19.05  per  cent  and  the  variation  not 
being  quite  2  per  cent  in  any  case  from  the  mean.  The  a«h,  naturally, 
is  very  high.  The  summation  of  the  analyses  is  not  as  uniform  as  e^uld 
be  wished,  ranging  from  100.90  per  cent  as  the  niaximum  to  95.86  per 
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cent  as  the  miniinara,  a  difference  of  little  over  5  per  cen t.  The  diflSculty 
of  comminuting  the  bones  into  a  homogeneous  mass,  and  thus  securing 
an  average  sample,  probably  accounts  for  a  great  deal  of  the  discrepancy 
seen  in  the  summations  of  the  analyses.  It  is  evident  that  the  bones 
contain  a  very  large  amount  of  nutrient  matter  which  would  be  avail- 
able for  digestion  if  they  were  sufficiently  comminuted;  since  the  ash 
consists  almost  exclusively  of  tricalcium  phosphate,  which  is  insoluble, 
and  thus  would  not  interfere  greatly  with  the  i)roce8s  of  digestion. 
The  bones  of  animals,  however,  are  so  valuable  for  fertilizing  purposes 
that  they  have  not  been  used  to  any  extent  for  feeding,  except  for 
poultry. 

Arerage  of  marroic. — Table  11  contains  the  average  analyses  of  the 
samples  of  marrow  from  all  the  bones  from  each  cut  of  each  animal, 
except  in  the  case  of  Duroc  Jerseys,  Nos.  C  and  7,  where  the  samples  of 
marrow  were  destroyed  by  mice.  On  account  of  the  small  amount  of 
material  at  our  disposal,  the  ash  in  the  samples  was  not  determined. 
The  summation,  therefore,  represents  only  partially  the  total  ingre- 
dients, since  it  does  not  include  the  ash  nor  the  lecithin,  which  are 
very  important  components  of  the  marrow  substance.  The  marrow,  as 
will  be  seen  by  the  data,  is  essentially  a  fat  product,  more  than  95  per 
cent  of  the  whole  weight  of  the  material  being  composed  of  fat  and 
water,  the  mean  percentage  of  fat  in  the  whole  sample  being  81.13,  and 
of  water,  14.57.  The  nitrogenous  constituents  of  the  marrow,  while 
being  extremely  important  from  a  physiological  point  of  view,  have  not 
much  value  from  a  nutritive  point.  They  constitute  only  2.29  per  cent 
of  the  whole.  There  is  a  fairly  good  concordance  seen  in  the  composi- 
tion of  the  marrow  from  the  different  animals.  In  point  of  fat,  the. 
greatest  variations  are  found  in  case  of  the  Tarn  worth,  with  a  maxi- 
mum percentage  of  fat,  and  the  Poland  China,  with  a  minimum  per- 
centage, the  difference  being,  in  round  numbers,  10  per  cent.  The 
variations  in  water  are  less  marked,  while  in  the  total  nitrogenous 
matters  only  one,  namely,  the  Tamworth,  falls  far  below  the  others  in 
the  percentage  contained.  The  sumniation  is  as  good  as  could  be 
expected,  considering  the  fa<».t  that  ingredients  of  considerable  magni- 
tude are  omitted. 

Average  of  skin. — Table  12  contains  the  average  analytical  data  for 
the  skin  of  all  of  the  cuts  of  each  animal.  All  the  skin  from  each  ani- 
mal was  mixed  together  and  carefully  comminuted  by  passing  several 
times  through  a  meat  cho])per  until  a  homogeneous  mass  was  obtained. 
From  this  mass  a  suitable  sample  was  taken,  representing  as  nearly  as 
possible  the  average  composition  of  the  whole.  On  this  were  performed 
the  analytical  operations  from  which  the  data  rei)resented  in  Table  12 
were  secured.  The  table  contains  the  analytical  data  for  all  the  ani- 
mals except  No.  8,  the  Yorkshire,  of  which  the  sample  was  lost.  The 
most  remarkable  fact  in  connection  with  a  general  view  of  the  data  is 
that  the  skins  have  a  high  rank  among  the  nitrogenous  substances  of 
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the  animal.  The  mean  perc'^ntaj>:e  of  uitrogenous  matters  in  the  skin 
is  2G.35,  and  as  the  skin  consists  of  almost  half  its  weight  of  water,  it  is 
seen  that  the  dry  skin  would  contain  50  per  cent  of  its  weight  of  nitrog- 
enous materials.  The  next  most  important  ingredient  is  of  course  the 
fat,  of  which  the  average  is  22.89.  In  the  nitrogenous  substances  the 
proteids  comprise  about  half  of  the  whole.  Of  the  other  half  two-thirds 
belong  to  the  gelatinoids  and  one  third  to  the  flesh  bases.  The  skin, 
therefore,  is  preeminently  a  gelatinous  body.  About  one-half  of  the 
total  (juantity  of  nitrogenous  substances  it  contains  is  soluble  in  hot 
water,  and  one-third  of  the  half  whii'h  is  soluble  is  not  precipitated  by 
bromin.  If  the  gelatinous  matters  of  the  skin  could  be  easily  separat«*d, 
they  would  be  the  most  valuable  parts  of  the  animal  for  the  prepara- 
tion-of  the  tiesli  bases.  Skins  of  animals,  however,  are  usually  more 
valuable  for  the  raanufaetuie  of  leather  than  for  any  other  x)urposes. 

To  go  a  little  more  into  the  detail  of  the  data  representing  the  com- 
]iosition  of  the  skin,  we  find  that  the  skin  which  had  the  largest  per- 
centage of  water  belonged  to  the  Tamworth  pig,  and  the  one  w^ith  the 
smallest  to  the  Duroc  Jersey,  No.  5.  Of  fat  the  largest  amount  was 
found  in  the  Duroc  Jersey,  No.  5,  thus  showing  again  the  general  rela- 
tion of  the  proportions  of  water  and  fat  to  which  attention  has  already 
been  called.  The  smallest  percentage  of  fat  was  found  also  in  the  case 
of  the  skin  of  the  Tamworth,  where  the  pen^entage  of  water  was 
largest.  In  regard  to  nitrogenous  substances  the  most  remarkable 
variations  are  seen.  In  the  Berkshire,  which  contained  the  largest 
proportion  of  nitrogenous  substances,  the  true  proteids  comprise  by 
far  the  larger  portion,  followe<l  by  the  gelatinoids,  while  the  flesh  bases 
form  a  very  small  percentage  of  the  whole.  On  the  other  hand,  in  the 
skin  of  the  Duroc  Jersey,  No.  5  the  quantity  of  proteids  is  compara- 
tively small,  while  both  the  gelatinoids  and  flesh  bases  are  high. 
Whether  this  marked  peculiarity  in  the  composition  of  the  skin  is  due 
to  the  influence  of  the  breed  or  to  accidental  causes  can  not  be  stated. 
Probably,  however,  it  is  due  to  accidental  causes;  as,  for  instance,  the 
Chester  White  and  the  Duroc  »lersey,  No.  5  show  similar  composition 
of  skins,  but  this  is  cpiite  different  from  the  composition  of  the  skin  of 
Duroc  Jerseys,  Nos.  (»  and  7.  It  is  possible,  further,  that  owing  to  the 
peculiar  structure  of  the  skin  and  the  difficulty  of  securing  a  homoge 
neons  mixture  of  it,  portions  of  the  skin  from  difterent  cuts  vary 
relatively  in  the  saini)le  which  was  taken  for  analysis.  Thus,  for 
instance,  if  a  ])ortion  of  the  skin  very  rich  in  gelatinous  matter  and 
flesh  bases  should  form  an  excessive  portion  of  the  whole  sample  taken 
for  analysis,  the  efl'ect  would  be  the  same  as  is  seen  in  the  data  recorded. 
The  summation  of  the  analyses  is  generally  satisfactory,  yet  in  one 
case  there  is  a  deficit  of  9  per  cent,  while  in  another  there  is  an  excess 
of  1.70  per  cent.  These  variations  are  doubtless  due  to  the  difficulty 
of  securing  a  homogeneous  sam[)le  for  analytical  i)urposes.  Another 
source  of  unreliability  in  the  samples  of  skin  is  found  in  the  diffioulty 
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of  avoiding  variations  in  the  amount  of  the  underlying  fatty  tissue 
included  in  the  sample.  It  is  practically  impossible  to  remove  all  of 
the  tissue  properly  belonging  with  the  skin  without  including  a  small 
quantity  of  the  adjacent  fatty  tissue. 

A  verage  of  spinal  cord. — Table  13  contains  the  analytical  data  obtained 
in  regard  to  the  spinal  cords  of  the  diflerent  animals.  Besides  the  spinal 
cords  i>roper,  these  samples  included  the  layer  of  fatty  matter  which 
surrounds  the  spinal  (^ord  in  the  spinal  canal.  In  some  instances  the 
quantity  of  material  was  not  suflBcient  to  make  a  determination  of 
the  ash,  and  in  three  instances  the  whole  of  the  material  was  lost.  The 
data  show  great  variations  in  the  composition  of  the  spinal  cords  of 
different  animals,  especially  in  the  content  of  fat  and  water.  The 
Berkshire  had  a  spinal  cord  in  which  the  water  predominated,  while  in 
Duroc  Jersey,  No.  7,  the  fat  was  the  predominant  constituent.  The 
nitrogenous  substances  are  not  so  large  as  would  be  expected  in  nerve 
tissue,  and  those  which  are  present  consist  chiefly  of  the  proteids  and 
gelatiuoids,  the  flesh  bases  being  only  in  relatively  small  quantity. 

Average  of  tendons. — Table  14  contains  the  analytical  data  for  the  ten- 
dons of  the  animals,  with  the  exception  of  two  cases  where  the  samples 
were  lost.  Considerably  more  than  half  of  the  tendons  in  the  fresh  state 
is  water,  while  the  fat,  as  is  to  be  expected,  is  quite  low.  The  nitrog- 
enous substances,  next  to  the  water,  constitute  the  chief  material  in 
the  tendons,  showing  the  largest  percentage  of  nitrogenous  matters  of 
any  part  of  the  animal,  with  the  exce[)tion  of  the  hoofs.  The  true 
l^roteids  and  gelatinoids  constitute  by  far  the  largest  portion  of  the 
nitrogenous  substances,  the  flesh  bases  being  in  relatively  smaller  pro- 
portion. The  ash  in  the  tendons  is  higher  than  in  the  meats.  The 
sumauition  of  the  analyses  shows  uniformly  more  than  100  per  cent, 
which  is  probably  due  to  the  use  of  too  large  a  factor  in  comi)utiiig 
the  proteids  of  the  different  classes  from  the  percentage  of  nitrogen. 
Variations  in  the  composition  of  the  tendons  are  sufficiently  well 
shown  in  the  footings  of  maxima  and  minima.  The  variation  in  the 
content  of  water  is  not  great,  while  in  fat  the  range  is  a  very  consid- 
erable one,  as  indicated  by  the  percentages.  The  agreement  in  the 
percentage  of  nitrogenous  substances  is  quite  close,  the  tendons  sliow- 
ing  very  little  variation  from  a  mean  composition.  The  ash  is  also 
quite  constant,  the  range  of  variation  not  being  very  great,  except  in 
the  case  of  the  Poland  China. 

Average  of  hoofs. — Table  l.*!  contains  the  analytical  data  relating  to  the 
hoofs  of  the  animals.  The  fat  content  of  the  hoof  is  extremely  small, 
while  water  constitutes  almost  half  the  entir*^  weight  of  this  substance. 
The  nitrogenous  substances  were  not  separated  into  three  portions,  but 
were  all  estimated  as  proteids  by  multiplying  the  nitrogen  content  by 
the  factor  6.25.  Considerably  more  than  half  of  the  total  weight  of  the 
hoofs  in  the  fresh  state  consists  of  nitrogenous  material.  The  ash  is  not 
very  high,  only  in  one  instance  exceeding  1  per  cent.    The  summation 
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of  the  analyses  shows  in  every  case  more  than  100,  except  in  the  instance 
of  the  Duroc  Jersey,  and  this  is  doubtless  due  to  using  the  factor  6.25 
in  (u>niputing  the  total  amount  of  nitrogenous  substances,  inasmuch  as 
tlie  factor  for  the  flesh  bases,  which  were  not  determined  in  this  case, 
is  considerably  lower  than  the  one  just  mentioned. 

LOSS   OF   WKIGHT   IN   TRANSrORTATION. 

Table  10  shows  a  comparison  of  the  weights  of  the  entire  animal  and 
the  various  cuts,  as  determined  in  Chicago  and  in  Washington,  showing 
the  percentage  of  gain  or  loss  in  transit.  The  weights  in  Chicago  pre 
sumably  were  made  with  great  care,  but  were  not  controlled  by  any 
employee  of  the  Division  of  Chemistry.  The  weights  in  Washington 
were  made  directly  by  the  Division  of  Chemistry,  and  can  be  certified 
as  absolutely  correct.  In  five  instances  the  weights  ascertained  in 
Washington  were  less  than  those  ascertained  in  Chicago,  and  in  three 
instances  greater.  The  largest  variation  between  the  two  weights  was 
shown  in  the  case  of  the  Chester  White,  where  the  loss  was  8.07  per 
cent  ot  the  whole  weight.  The  smallest  variation  was  found  in  the  case 
of  the  Duroc  Jersey,  No.  6,  with  a  loss  of  0.27  per  cent.  The  largest 
gain  in  weight  was  in  Duroc  Jersey,  No.  o,  namely,  1.18  per  cent,  and 
the  smallest  gain  in  weight  was  found  in  the  Yorkshire,  namely,  0.40 
per  cent.  The  table  contains  not  only  the  total  weight  of  the  animal 
in  pounds  and  grams,  but  also  the  weight  of  each  cut. 

KATIOS    OF    MEAT,  BONKS,  KTC,  TO    TOTAL    WEIGHT. 

Table  17  contains  the  relative  percentages  of  the  different  parts  of 
the  animals,  excluding  the  head,  leaf  lard,  and  kidneys,  which  had  been 
removed  before  shipping  from  Chicago.  This  table  is  of  great  practical 
and  economical  interest,  showing  the  relative  i)ercentages  of  each  con- 
stituent of  the  animal,  based  upon  its  entire  weight.  In  the  animals 
dressed  as  received  by  us  it  is  seen  that  nearly  89  per  cent  of  the  total 
weight  of  the  animal  is  meat  (fat  and  lean),  a  little  over  6,25  per  cent 
bones,  nearly  4.75  per  cent  skin,  0.16  per  cent  tendons,  0.12  per  cent 
marrow,  0.08  per  cent  spinal  cord,  and  0.08  per  cent  hoofs.  There  is 
quite  a  remarkable  agreement  in  the  relative  proportions  of  these  dif- 
ferent constituents  in  the  ditterent  animals.  For  instance,  the  widest 
variation  from  the  mean  in  the  percentages  of  meat  in  the  animals 
examined  was,  in  round  numbers,  only  2  per  cent,  while  in  the  case  of 
the  bones  it  was  numerically  no  larger,  although  relatively  the  varia- 
tion was  very  much  greater.  In  the  case  of  the  skin  also  the  variation 
was  not  very  marked.  In  the  minor  constituents  the  percentage  of 
variation  is  great,  but  the  actual  variation  in  the  different  animals 
small.  In  regard  to  bones,  the  largest  percentage  was  found  in  the 
Tamworth,  and  the  smallest  in  the  Duroc  Jersey,  No.  6.  These  show 
the  extreme  variations,  and  indicate  that  the  Tamworth  has  a  much 
stronger  skeleton,  so  far  as  shown  by  weight  alone,  than  the  Duroc 
Jersey,  No.  6. 
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PERCENTAGES  OF  THE  SEVERAL  CONSTITUENTS. 

Table  18  contains  the  percentages  of  the  different  constituents  of  the 
entire  dressed  animal,  excluding  the  head,  leaf  lard,  and  kidneys.  The 
data  are  most  interesting  from  a  practical  point  of  view.  It  is  seen 
that  of  the  entire  animals  36.43  per  cent  was  comiK)sed  of  water,  49.67 
per  cent  of  fat,  10.46  per  cent  of  nitrogenous  matter,  and  2.11  per  cent 
of  ash.  It  may  excite  remark  that  the  percentage  of  ash  in  the  animal 
is  so  small  Avhen  it  is  remembered  that  the  whole  of  the  mineral  matter 
of  the  bones  is  included  with  the  ash,  but  by  referring  to  the  table  of 
the  analyses  of  the  bones  it  is  seen  that  only  about  25  per  cent  of  their 
total  weight  is  mineral  matter,  the  rest  being  composed  of  water  and 
organic  substances.  The  water  and  the  organic  substances  are  included 
in  the  other  data,  and  the  ash  therefore  expresses  only  the  mineral 
matters  of  the  animal,  including  not  only  the  bones,  but  also  the  min- 
eral matters  of  the  other  tissues.  In  regard  to  the  nitrogenous  sub- 
stances, their  proportionate  division  into  three  classes  is  of  interest. 
It  is  seen  that  of  the  whole  amount  8.12  per  cent  belong  to  the  proteids 
insoluble  in  hot  water,  and  1.10  per  cent  to  the  proteids  of  a  gelatinoid 
nature,  while  1.14  per  cent  belongs  to  the  nitrogenous  bodies  represent- 
ing the  flesh  bases.  From  a  nutritive  point  of  view,  the  true  proteids 
are  the  most  valuable.  The  gelatinoids  are  highly  nutritious,  but  on 
account  of  their  smaller  quantity  do  not  have  so  high  an  economic 
importance  from  a  nutritive  point  of  view  as  the  otlier  proteids.  The 
flesh  bases  have  a  lower  nutritive  value,  but  are  prized  in  many  cavses  on 
account  of  their  ready  absorption  and  their  stimulating  properties, 
being  already  in  a  state  suitable  for  x>artial  assimilation.  The  summa- 
tion of  the  analyses  as  a  whole  is  extremely  satisfactory,  only  a  little 
over  1  per  cent  of  the  total  weight  of  the  animal  being  unaccounted 
for  in  the  actual  data  obtained. 

ComparMon  of  breeds. — In  regard  to  the  details  of  the  various  con- 
stituents, it  is  seen  that  the  Berkshire  leads  all  the  others  in  the  per- 
centage of  water,  namely,  43.10.  The  smallest  percentage  of  water  is 
in  the  Duroc  Jersey,  No.  6,  namely,  30.31.  The  largest  percentage  of 
fat  is  found  in  Duroc  Jersey,  No.  7,  namely,  57.68,  and  the  smallest  in 
the  Berkshire,  namely,  40.46.  Of  the  total  nitrogenous  substances,  the 
largest  quantity  is  found  in  the  Berkshire,  namely,  13.02,  and  the 
smallest  in  the  Duroc  Jersey,  No.  7,  namely,  8.06.  It  is  evident  from  an 
inspection  of  the  table  that  the  meat  of  the  Berkshire  is  better  for  the 
production  of  muscular  strength,  while  that  of  the  Duroc  Jersey,  No.  7  is 
best  suited  for  the  production  of  animal  heat.  The  Berkshire  meat  would 
be  best  suited  for  the  use  of  our  army  in  Cuba,  while  the  meat  of  the 
Duroc  Jersey,  No.  7  would  be  best  suited  for  the  miners  of  the  Klondike. 
These  remarks  are  made  without  any  expression  of  opinion  concerning 
the  type  as  a  whole,  but  only  on  the  data  obtained  from  the  two  animals. 
The  examination  of  a  large  number  of  typical  animals  of  each  of  the 
breeds  would  be  necessary  to  establish  a  definite  rule  of  that  kind.    It 
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is  fair  to  presume,  however,  that  the  single  animal  is  to  a  certain  extent 
typical,  and  therefore  represents  to  that  extent  racial  characteristics. 

LE(^ITHIN. 

The  determination  of  lecithin  in  meat  products  is  accomplished,  as 
has  been  already  described,  by  an  indirect  method;  namfely,  by  the 
extraction  of  the  lecithin  with  a  mixture  of  ether  and  alcohol  and  the 
determination  of  the  phosphorus  in  the  extract.  From  the  quantity 
of  phosphorus  determined  tlje  percentage  of  lecithin  is  calculated  by 
factors  based  upon  the  percentage  composition  of  the  lecithin  itself. 
The  data  given  for  the  lecithin  should  be  accepted  with  certain  restric- 
tions, based  upon  the  difficulty  of  applying  the  analytical  processes. 
In  the  extraction  of  the  fat  by  ether  a  certain  quantity  of  the  lecithin 
is  removed.  If,  now,  the  residual  lecithin  be  determined  in  the  undis- 
solved matters,  namely,  the  dry  Hesh,  the  quantity  obtained  does  not 
represent  fully  the  whole  amount  originally  present,  but  rather  the 
quantity  present  in  the  muscular  tissue  itself.  Therefore,  in  case  of 
the  meats  especially,  the  data  must  be  accepted  as  showing  the  quan- 
tity of  lecithin  in  the  fleshy  portions  of  the  meat,  and  not  the  quantity 
originally  present  in  the  fleshy  portions  plus  the  fat.  In  the  case  of 
the  marrow  and  spinal  cord,  another  difficulty  presents  itself;  namely, 
that  there  was  not  a  sufficient  (juantity  of  the  material  on  which  to 
perform  the  whole  of  the  analytical  operations.  Inasmuch  as  the  ether 
extract  comprises  a  large  percentage  of  the  whole  weight  of  these 
bodies,  it  is  evident  that  the  determination  of  the  lecithin  in  this 
extract  represents  approximately  the  quantity  present  in  the  original 
material.  On  -account  of  the  i)aucity  of  this  material,  therefore,  the 
lecithin  was  determined  in  these  cases  in  the  etlier  extract  alone.  If, 
however,  the  quantity  be  desired  Ibr  the  whole  material,  it  is  evident 
that  the  data  given  are  not  sufficiently  large. 

rHYSIOLO(iICAL  IMPORTANCE. 

From  a  physiological  point  of  view  lecithin  is  of  prime  importance. 
It  is  quite  certain  that  this  body  forms  the  transition  state  between  the 
phosphates  of  the  animal  body  on  the  one  hand  and  the  mineral  phos- 
phates absorbed  by  plants  on  the  other.  In  the  growth  of  plants  the 
mineral  phosphates  are  converted,  to  a  certain  extent,  into  lecithin, 
which  is  found  especially  in  the  seeds,  those  of  an  oily  nature  predomi- 
nating in  lecithin  bodies.  In  the  consumption  of  vegetable  foods  by 
animals  the  lecithin  doubtless  plays  an  important  function  in  being 
transformed  a^ain  into  a  mineral  compound,  namely,  the  tricalcium 
phosphate  of  the  bones.  Other  portions  of  the  lecitliin  become  assimi- 
lated in  the  tissues  of  the  body,  and  especially  in  the  brain,  spinal 
cord,  and  marrow.  In  the  consumption  of  animal  products  by  other 
animals  lecithin  again  plays  an  important  role  in  nutrition,  forming  on 
the  one  hand  the  bony  structure  of  the  animal  eating  the  flesh,  and  on 
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the  other  being  again  stored  as  lecithin  in  the  tissues  above  mentioned. 
The  data  given,  therefore,  in  the  foregoing  analyses  are  of  great  impor- 
tance not  only  from  their  scientific  interest,  but  also  in  representing  in 
a  general  way  the  distribution  of  the  lecithin  in  the  various  tissues  of 
the  body. 

DlSCUftSIOX  OP  THE   LECITHIN  IN  PARTICI'LAK   SAMPLE^. 

Lecithin  in  the  meat. — In  Table  9  it  is  seen  that  the  mean  percentage 
of  lecithin  in  the  residue  after  extracting  the  fat  from  the  meats  is  0.23. 
Inasmuch  as  almost  the  whole  of  the  lecithin  of  the  meats  is  found  in 
the  muscular  tissues,  this  represents  pretty  fully  the  whole  amount 
present  in  the  original  sample.  The  quantity,  however,  of  lecithin  in 
the  fat  extracted  by  the  ether  must  not  be  neglected  if  we  are  to  con- 
sider the  total  amount  present  in  the  original  samples.  It  is  noticed 
that  there  is  a  considerable  degree  of  variation  in  the  percentage  of 
lecithin  in  the  different  animals,  the  minimum  quantity  being  found  in 
the  Duroc  Jersey,  No.  5,  and  the  maximum  in  the  Duroc  Jersey,  No.  7. 
It  is  evident,  therefore,  that  this  variation  is  not  to  be  ascribed  to  the 
influence  of  breed  alone. 

Lecithin  in  the  bones. — The  quantity  of  lecithin  in  the  bones  is  con- 
siderably greater  than  that  found  in  the  meats,  the  mean  being  0.31  per 
cont.  In  one  instance,  namely,  the  Duroc  Jersey,  No.  7,  the  lecithin 
was  determined  both  in  the  residual  bony  matter  and  in  the  fat  which 
was  extracted.  A  great  diti'erence  is  noticed  in  the  distribution  of  the 
lecithin  among  the  various  animals,  the  maximum  quantity  being  found 
in  the  Poland  China  and  the  minimum  in  the  Tamworth. 

Lecithin  in  the  marrow, — The  quantity  of  marrow  was  so  small  that 
the  only  possibility  of  determining  the  lecithin  was  in  the  original  ether 
extract.  The  data,  therefore,  are  not  as  reliable  as  those  ascertained 
by  determining  the  lecithin  in  the  extract  after  removal  of  the  fat.  In 
each  instance  the  amount  of  lecithin  was  very  small,  except  in  the  case 
of  the  Berkshire,  where  it  was  quite  high. 

Ijecithin  in  the  skins. — The  mean  (juantity  of  lecithin  in  the  skin  was 
found  to  be  0.19;  the  maximum  being  0.41  and  the  minimum  0.06.  In 
three  instances  the  lecithin  was  determined  in  the  samples  both  after 
extracting  with  ether  and  in  the  ether  extract.  These  cases  are  appro- 
priately marked  in  the  analytical  tables. 

Lecithin  in  the  spinal  cord. — Lecithin  in  the  spinal  cord  was  deter- 
mined only  in  the  materials  extracted  by  ether.  As  was  to  be  expected, 
the  (juantity  is  very  high;  the  mean  percentage  being  Lot,  the  maxi- 
mum 2.95,  and  the  minimum  0.70.  On  account  of  the  small  quantity 
of  the  material  it  was  not  possible  to  determine  the  lecithin  in  the 
residue  after  the  removal  of  tlie  fat.  If  this  could  have  been  deter- 
mined it  is  evident  that  the  quantity  of  lecithin  would  liave  been  very 
materially  increased. 

Lecithin  in  the  tendons. — In  one  instance,  namely,  the  Berkshire,  the 
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determiTiation  was  made  both  in  the  extracted  fat  aud  the  residue.  In 
this  case  the  quantity  of  lecithins  is  quite  high.  The  mean  for  all  the 
tendons,  as  determined,  was  0.19,  with  a  maximum  of  0.45  and  a  mini- 
mum of  0.08. 

In  Table  18  the  total  percentages  of  lecithin  in  the  whole  animal,  with 
the  exceptions  noted  in  several  of  the  tables,  are  found.  The  mean 
percentage  is  0.23,  the  maximum  0.42,  and  the  minimum  0.11. 

In  submitting  the  above  discussion  it  is  but  just  to  state  that  at  the 
commencement  of  the  analytical  examination  it  was  not  our  purpose  to 
determine  the  lecithin  at  all.  Had  it  been  so,  the  determinations  would 
have  been  made  in  a  somewhat  more  satisfactory  manner.  The  data, 
however,  as  submitted  are,  nevertheless,  valuable,  and  with  the  restric- 
tions noted  in  the  dift'erent  tables  may  be  relied  upon  as  a  basis  for 
economic  studies. 

GOKGLXTDIK G  OBSEBVATIOK S. 

In  conclusion  it  may  be  stated  that  althouigh  work  of  the  kind  which 
has  just  been  discussed  is  extremely  onerous  and  time-consuming,  yet 
it  appears  from  a  study  of  the  results  obtained  to  be  a  further  contri- 
bution to  our  knowledge  of  dietetic  science.  All  systems  of  true  die- 
tetic studies  must  rest  first  of  all  upon  well-established  chemical  data. 
l^o  valuable  conclusions  in  regard  to  the  dietetic  value  of  any  food  can 
be  obtained  without  first  having  ascertained  its  exact  chemical  compo- 
sition. This  having  been  done,  the  further  study  of  its  dietetic  value 
rests  also  upon  its  chemical  x>roperties,  as,  for  instance,  the  coefficients 
of  digestibility.  It  appears  advisable,  therefore,  considering  the  char- 
acter of  the  data  which  have  been  presented,  to  recommend  that  studies 
of  this  kind  be  continued  with  all  the  classes  of  animals  used  as  foods 
in  this  country.  It  would  be  advisable,  if  possible,  that  in  studies  of 
this  kind,  the  animals  be  slaughtered  at  or  near  the  point  where  the 
chemical  examination  is  to  be  made;  or,  if  this  be  not  convenient,  that 
a  representative  of  the  Chemical  Division  be  present  at  the  time  of  the 
slaughtering  for  the  purpose  of  ascertaining  the  quantities  of  blood, 
hair,  and  excreta  from  the  different  animals  and  obtaining  representa- 
tive samples  thereof  for  chemical  examination. 

Our  systems  of  feeding  and  our  environment  develop  types  of  animals 
which  are  quite  distinct  from  those  grown  in  other  lands,  and  therefore 
the  data  which  are  obtained  on  animals  in  other  countries  are  not 
strictly  applicable  to  studies  of  the  economic  science  of  food  production 
and  food  composition  in  this  country. 
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APPENDIX. 


For  fall  particulars  relative  to  tlie  general  principles  of  the  separa- 
tion of  the  different  forms  of  nitrogenous  bodies  the  reader  is  referred 
to  the  Principles  and  Practice  of  Agricultural  Analysis,  volume  3, 
and  to  Bulletin  No.  54  of  this  Division.  An  abstract  of  the  literature 
relating  to  the  separation  of  tiesh  bases  from  other  nitrogenous  bodies 
is  given  here. 

PRECIPITATION  OF  PBOTEIDS  SOLUBLE  IN  WATER  BY  CHLORIN  AND 

BROMIN.' 

Ricleal  und  Stewart  recall  some  of  the  experiments  made  in  1876,  in  which  it  was 
shown  that  a  current  of  chloriu  gas  conducted  through  an  uqueous  solution  of  pro- 
teid  matters  produces  a  precipitate  which  is  of  a  quite  constant  composition,  and 
one  which  can  be  collected,  dried  in  vacuo,  and  weighed.  They  describe  particularly 
the  use  of  this  reagent  in  precipitating  gelatin  prepared  from  the  high  grade  com- 
mercial article.  They  show  that  the  total  quantity  of  gelatin  can  be  accounted  for 
from  the  Aveight  of  the  precipitate  by  multiplying  the  weight  of  the  precipitate 
obtained  by  the  factor  0.78.  The  authors  also  point  out  the  possibility  of  using 
broiuin  in  place  of  chloriu  for  the  precipitation,  and  state  that  the  studies  of  the  use 
of  bromiu  are  under  way.  They  call  attention  also  to  the  fact  that  as  early  as  1840 
ohlorin  had  been  used  by  Mulder  for  the  precipitation  of  soluble  proteids,  and  refer 
to  a  paper  of  his  published  in  Berzelius's  Jahresbericht,  volnme  19,  page  734,  in 
which  he  obtained  results  on  precipitation  quite  similar  to  those  secured  by  Rideal 
and  Stewart. 

Other  references  to  the  literature  on  the  subject  are  also  given,  viz:  De  Vrij, 
Ann.  Phann.,  Ixi,  248;  Th(^nard,  M(^m.  d'Arcudil,  ii,  38;  Mulder,  Bulletin  en  Neer- 
lande,  1839,  153;  and  Berzelius'  Jahresbericht,  xix,  729. 

Allen  and  Searle,  acting  on  the  snggt^stion  of  Rideal  and  Stewart,  worked  out  the 
bromin  method  by  applying  it  to  various  soluble  proteids,  including  the  whole 
range  from  albumin  to  peptone.  In  the  application  of  this  test  to  commercial  gela- 
tin 50  grams  of  commercial  gelatin  are  dissolved  in  waim  water  and  the  solution 
diluted  to  half  a  liter.  In  10  c.  c.  of  this  solution,  corresponding  to  1  gram  of  the 
gelatin,  the  nitrogen  is  determined  directly  by  the  Gunning-Kjeldahl  process. 

Another  portion  of  10  o.  c.  is  treated  with  an  excess  of  bromiu.  The  solution  is 
first  brought  to  a  volume  of  100  c.  c.  with  water  and  placed  in  a  conical  beaker  with 
a  sufficient  quantity  of  hydrochloric  acid  to  produce  distinct  acidity.  A  saturated 
solution  of  bromin  water  is  added  in  considerable  excess  and  the  li(iuid  stirred  vig- 
orously for  some  time.  The  precipitate  which  separates  is  tlocculent  when  first 
formed,  but  becomes  more  viscous  after  stirring  and  adheres  for  the  most  part  to  the 
sides  of  the  beaker,  which,  with  its  contents,  is  allowed  to  stand  for  about  half  an 
hour,  or  until  all  the  precipitate  is  settled.  The  supernatant  liquor  is  decautcd 
through  an  asbestos  filter.  The  precipitate  adhering  to  the  beaker  is  washed  several 
times  with  cold  distilleil  water  and  the  washings  poured  through  the  filter.  Occa- 
sionally, when  most  of  the  free  bromin  is  washed  out  of  the  precipitat-e,  the  liquid 


^The  Analyst,  22,  pp.  228  and  following;  also  pp.  255  and  following. 
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does  not  filter  clear.  It  is  therefore  advisable  to  keep  the  washing  separated  from 
the  filtrate^  and,  if  necessary,  wash  with  sodium  sulphate  solution  or  with  bromin 
water.  The  nitrogen  in  the  precipitate  is  determined  by  the  Guuning-Kjeldahl 
process  as  follows : — 

The  precipitate  which  has  been  collected  on  the  asbestos  filter,  together  with  the 
asbestos,  is  returned  to  the  beaker  in  which  the  precipitation  took  place.  Twenty 
cubic  centimeters  of  strong  sulphuric  acid  are  added,  the  lieaker  covered  witii  a 
watch  glass  and  placed  on  a  wir«  gauze  over  a  lamp.  When  frothing  has  ceased 
about  10  grams  of  powdered  potassinm  sulphate  are  added  and  the  liquid  boiled 
until  colorless.  After  cooling  it  is  diluted  with  water  and  the  ammonia  distilled  off 
and  determined  in  the  usual  way.  The  percentage  of  nitrogen  found,  when  multi- 
plied by  the  factor  6.33,  or,  in  the  case  of  gelatin,  by  5.5,  gives  the  amount  of  pro- 
teid  matter  precipitated  by  bromin.  In  the  commercial  gelatin  above  mentioned 
the  nitrogen  content  was  found  to  be  1-i.l  and  14  per  cent,  respectively,  on  two 
defermiuations.  Solutions  of  creatinin,  asparagin,  and  aspartic  acid  were  found  to 
yield  no  precipitates  with  bromin,  but  bromin  was  found  to  precipitate  all  albumin, 
acid  albumin,  and  all  peptones  formed  by  the  digestion  of  albumin  with  pepsin. 

NITROGEN  IN  MEAT  EXTRACTS. 

On  applying  the  bromin  method  to  commercial  meat  extracts  the  following  results 
were  obtained.  The  solutions  of  the  Bovril  preparations  were  not  previously  tiltered 
and  therefore  the  figures  contain  the  nitrogen  in  the  fiber  present: 

Relative  amounts  of  nitroyen  in  meat  ej-tracta. 


'Nitrogen  in'  xrvft  i^  - 
I  by  bromin.  I   P^teKls. 


I  Per  cent.  Per  cetil. 

Liebig  Conipanv's  extract 1. 41  8. 92 

Seasoned  bovri]'. '  1.94  I  12.2^ 

Bovril  for  invalids 2.64  |  16.71 

Koenig  and  Boemer  have  shown  that  the  proteid  nitrogen  in  meat  extracts  is 
generally  much  overestimated.  They  found  a  total  of  1.17  per  cent  of  proteid 
nitrogen  in  the  Liebig  ('ompany^s  extract,  which  is  equivalent  to  7.41  per  cent  of 
total  proteids,  mostly  albumose. 

PROBLEMS   SOLVED  BY   THE   BKOMIN   METHOD. 

The  fact  that  bromin  completely  precipitates  all  proteid  and  gelatinoid  matters 
in  solution  affords  a  convenient  means  of  solving  certain  jtroblems  which  have 
hitherto  presented  considerable  difficulty.  For  instauce,  in  a  solution  which  has 
been  subjected  to  digestion  it  may  be  possible  to  preci])itato  all  the  unchanged 
X)roteids  by  saturation  with  zinc  sulphate.  The  peptones  which  have  been  formed 
during  digestion  remain  in  solution  and  can  bo  separated  by  filtration.  In  the  fil- 
trate the  peptones  can  be  completely  precipitated  by  bromin,  and  thus  the  total 
(juantity  of  these  bodies  formed  during  digestion  can  be  accurately  determined. 

Allen  and  Searle  applied  this  method  to  an  examination  of  the  Liebig  Company's 
extract,  5  grams  of  which  were  dissolved  in  100  c.  c.  of  water  and  the  solution  satu- 
rated with  zinc  sulphate.  After  filtering,  bromin  water  was  added  to  the  filtrate 
and  a  precipitate  produced  which  rcdissolved  on  diluting  with  water  and  the  addi- 
tion of  hydrochloric  acid.  When  the  filtrate  from  the  saturated  zinc  sulphate  was 
previously  diluted  with  water  and  acidulated  no  precipitate  was  formed  on  the 
addition  of  bromin.  This  reaction  shows  that  no  considerable  qnantities  of  real 
peptones  exist  in  I-iebig's  extract. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Division  of  Chemistry, 

Washington,  J).  C,  July  .9, 1898. 

Sir:  In  accordance  with  your  request  of  April  15,  I  bave  carefully 
read  the  manuscript  submitted  by  Prof.  J.  W.  Mallet,  being  a  result  of 
the  iuvestigation  of  analytical  methodn  for  distinguishing  between  the 
nitrogen  of  proteids  and  that  of  the  simpler  amids  or  aniido-acids. 

This  investigation  was  undertaken  by  Professor  Mallet  at  the  sug- 
gestion of  the  Office  of  Experiment  Stations,  and  under  the  immediate 
direction  of  the  director  of  that  office  and  of  Prof.  \V.  O.  Atwater, 
special  agent.  The  work  being  purely  of  a  chemical  character,  it  was, 
at  youi  suggestion,  and  with  the  assent  of  Drs.  True  and  Atwater,  sub- 
mitted to  this  office  for  inspection.  The  investigation  consists  in  a 
chemical  study  of  the  methods  of  quantitative  analysis  employed  in 
tlie  separation  of  proteid  and  amid  bodies,  especially  in  animal  prod- 
ucts. The  results  are  similar  in  their  scoi>e  to  the  chapter  on  this  sub- 
ject contained  in  my  work  on  the  Principles  and  Practice  of  Agricultural 
Analysis,  vol.  3. 

Professor  Mallet  has  stated  in  an  admirable  manner  the  different 
methods  which  have  been  proposed  for  the  separation  of  proteid  mat- 
ters in  animal  products.  By  a  happy  modification  of  the  phospho- 
tungstic  acid  method  he  has  greatly  improved  this  process,  and  shown 
how  a  practical  separation  of  the  iiesh  bases  from  the  other  nitroge- 
nous substances  can  be  effected  by  this  reagent.  The  flesh  bases  are  to 
some  extent  precipitated  by  the  new  form  of  the  reagent  proposed  by 
Professor  Mallet,  but  they  are  brought  into  a  soluble  state  by  the  addi- 
tion of  water  and  heat,  so  that  a  practically  complete  separation  of 
them  IS  effected.  This  process,  together  with  the  use  of  tannic  acid  for 
the  separation  of  peptones,  leaves  little  to  be  desired  in  securing  a 
practically  complete  separation  of  the  nitrogenous  matters.  The  ana- 
lytical processes  proposed  have  been  thoroughly  worked  out  by  experi- 
ment upon  products  of  known  composition,  so  that  their  reliability  has 
been  by  this  means  more  firmly  established. 

One  of  the  most  useful  and  simple  methods  of  separating  proteid 
matters  into  insoluble  and  gelatiuoid  proteids,  and  of  separating  these 
two  classes  from  the  flesh  bases,  is  by  the  use  of  hot  water,  followed  by 
the  use  of  chlorin  or  bromin — a  method  not  mentioned  either  in  the 
Principles  and  Practice  of  Agricultural  Analysis,  above  referred  to, 
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nor  in  Professor  Mallet's  paper.  Tliis  method,  whicli  has  lately  come 
into  use,  has  been  thoroughly  worked  out  iu  this  laboratory  and  applied 
in  a  long  series  of  analyses  of  flesh  products.  It  is  so  superior  in  every 
respect  to  the  methods  in  ordinary  use  that  it  appears  destined  to 
entirely  replace  them.  I  have  therefore  added  an  outline  of  this  method 
as  an  appendix  to  Professor  Mallet's  report. 

I  submit  this  manuscript  with  the  request  that  it  be  published  as 
Bulletin  No.  54  of  the  Division  of  Chemistry. 
I  am,  respectfully, 

H.  W.  Wiley, 

Chief  of  Division. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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ANALYTICAL  METHODS  FOR  DISTINGUISHING  BETWEEN 
NITROGEN  OF  PROTEIDS  AND  NITROGEN  OF  SIM- 
PLER AMIDS  OR  AMIDO-ACIDS. 


DISCUSSION  OF  MATERIALS  AND  GOHDITIOHS. 

It  is  admitted  by  all  who  have  had  experience  in  the  chemical  analy- 
sis of  materials  used  as  food  that  the  common  practice  of  determining 
the  total  nitrogen  in  such  materials  by  multiplying  the  result  by  6.25 
and  calling  the  product  so  obtained  '^protein,"  is  but  a  crude  and 
clumsy  way  of  approximately  representing  the  value  of  the  material 
under  examination  as  respects  its  nitrogenous  constituents.  Besides 
the  substances  which  are  properly  designated  a;^  proteids  there  are 
other  nitrogenous  constituents  of  food  materials  which  differ  widely 
from  these  in  nutritive  value  and  some  of  which  also  differ  greatly 
from  these  and  from  each  other  in  the  proportion  of  nitrogen  which 
they  contain. 

OLA.SSES  OF  NITROGENOUS  CONSTITUENTS  IN  FOODS. 

The  following  classes  of  the  nitrogenous  constituents  of  food  are 
commonly  recognized  as  requiring  separate  consideration. 

(1)  Proteids  proper  (by  some  called  albuminoids),  and  their  closely 
related  derivatives,  the  proteoses  and  peptones, 

(2)  Gelatinoids  or  collagens,  and  allied  substances  immediately 
derived  from  them,  such  as  gelatin,  chondrin,  etc. 

(3)  Simpler  amids,  amido-acids,  and  allied  substances,  such  as  the 
asparagin,  glutamin,  etc.,  of  vegetable  materials,  and  the  '<  flesh 
bases"  (kreatin,  kreatinin,  etc.)  of  animal  origin. 

(4)  Alkaloids,  or  amine-like  compounds  of  well-determined  basic 
character. 

(5)  Ammonia  and  its  salts. 

(6)  Nitrates. 

To  these,  no  doubt,  sliould  be  added  lecithin  and  analogous  sub- 
stances containing  nitrogen  but  closely  allied  to  the  fats. 

The  known  and  commonly  used  methods  for  determining  nitrogen  in 
the  forms  of  ammonia  and  nitrates,  which  occur  but  sparingly  in  food 
materials,  may  be  considered  fairly  satisfactory.  Alkaloids  in  the 
commonly  accepted  sense  of  the  term  demand  attention  only  in  con- 
nection with  such  special  accessories  of  food  as  tea,  coffee,  and  similar 
nervous  stimulants,  and  the  chief  substances  of  alkaloidal  character 
admit  of  being  separately  dealt  with  in  these  special  cases  without 
serious  trouble  and  with  a  fair  degree  of  accuracy. 
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It  is  with  the  first  three  of  the  above-Danied  classes  of  food  constit- 
uents that  difficulty  is  encountered,  and  for  which  further  study  of 
methods  is  desirable.  The  object  of  the  work  which  the  writer  has 
undertaken,  and  to  which  he  has  devoted  a  good  deal  of  time  for 
several  months  past,  has  been  to  study  the  means  of  distinguishing 
between  the  first  and  third  of  these  classes  of  constituents,  the  pro- 
teids  and  related  bodies  on  the  one  hand  and  the  simpler  amids  and 
amido-acids — sometimes  grouped  together  as  ^'nitrogenous  extract- 
ives"— on  the  other.  Incidentally  only,  some  experiments  have  been 
made  with  representatives  of  the  gelatinoid  class. 

NUTRITIVE   VALUES   OF   TIIKEK   CLASSES. 

It  is  commonly  assumed  that  proteids,  gelatinoids,  and  the  simpler 
amids  have  very  different  nutritive  values,  and  while  all  authorities 
would  agree  in  assigning  the  highest  value  to  the  first  of  these  there 
is  probably  no  small  difterence  of  opinion  as  to  the  order  in  which  the 
second  and  third  should  be  rated.  In  considering  such  a  question, 
there  should  be  separately  taken  into  account  relative  digestibility  or 
solubility,  capability  of  undergoing  osmotic  absorption,  and  oxidiza- 
bility in  order  to  the  production  of  energy.  At  present  no  definite 
numerical  statement  of  the  relative  nutritive  values  of  nitrogenous 
bodies  of  these  three  classes  can  be  made^  It  seems  much  to  bo  desired 
that  more  extended  experiments  than  have  so  far  been  recorded  should 
be  made  upon  living  animals — as  far  as  possible  upon  human  beings — 
in  regard  to  the  utilization  of  both  the  gelatinoids  and  the  simpler 
amids.  The  latter  no  doubt  undergo  oxidation  to  some  extent  in  the 
animal  body,  and  produce  some  energy  in  consequence.  It  is  probably 
true  of  these  simpler  amidic  substances  that  much  larger  quantities 
than  analysis  exhibits  as  constituents  of  the  food  consumed  or  than 
analysis  detects  among  the  residua  of  food  rejected  from  the  body  with- 
out having  undergone  complete  oxidation,  may  be  constantly  formed 
among  the  earlier  products  of  the  metabolism  of  the  proteids,  and 
afterwards  themselves  undergo  further  change  into  the  simpler  and 
more  stable  forms  of  carbon  dioxid,  water,  and  urea. 

IJiCK  OF   PRECISION  IX   CHEMICAL  CONSTITUTION. 

It  must  be  admitted  that  to  a  chemist  the  question  of  distinguishing 
between  the  proteids  and  the  simpler  amids  is  not  one  of  a  scientifically 
precise  character.  The  proteids  doubtless  contain  at  least  a  part  of  the 
nitrogen  in  the  amidic  relation,  and  where  the  line  is  to  be  drawn 
between  more  complex  and  more  simple  amids  is,  of  course,  more  or  less  a 
matter  to  be  arbitrarily  decided.  But,  of  greater  imi)ortauce  still  is  the 
doubt  whether  any  of  the  so  called  proteids  are  entitled  to  recognition 
as  definite  chemical  substances.  We  usually  nnderstand  by  the  term 
<^a  definite  chemical  substance''  a  substance  of  which  all  the  molecules 
are  exactly  alike  in  constitution.    Thus  to  the  chemist  the  identity  of 
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sncb  a  substance  as  pure  common  salt  or  cane  sugar  or  caffeine  depends 
on  the  absolute  identity  in  cbaracter  of  all  tbe  myriad  molecules  of 
wlucb  even  tlie  smallest  sensible  mass  is  made  up.  But  in  regard  to 
such  materials  as  these  we  are  able  to  determine  the  relative  and  abso- 
lute number  of  atoms  of  the  elements  of  which  each  molecule  is  com- 
posed, and  in  many  cases  their  order  of  attachment  to  each  other,  or 
the  "structure"  of  the  molecule.  On  the  other  hand,  we  have  reason 
to  believe  that  the  so-called  proteids  are  made  up  of  molecules  of  such 
extreme  complexity,  assemblages  of  such  large  numbers — hundreds- 
of  atoms  of  carbon,  hydrogen,  oxygen,  and  nitrogen,  that  we  can  make 
but  random  guesses  at  their  arrangement,  and  can  not  even  determine 
with  any  certainty  their  number,  relative  or  absolute.  We  talk  of  albu- 
min, myosin,  syntonin,  as  if  these  terms  stood  for  pure  chemical  sub- 
stances  in  the  same  sense  that  attaches  to  ammonia,  benzene,  or  urea. 
But  it  is  by  no  means  certain  that  in  a  specimen  of  the  most  carefully 
prepared  albumin  from  blood  or  white  of  egg  any  hundred,  or  any  ten, 
molecules  are  absolutely  alike.  It  may  well  be  that  a  minute  specimen 
of  such  a  material  consists  in  reality  of  numerous  more  or  less  similar 
but  yet  in  some  respects  different  molecules,  which  we  lump  together 
under  a  single  name  merely  because  they  have  a  general  resemblance, 
with  certain  properties  in  common.  Furthermore,  in  nutrition  investi- 
gations we  have  to  deal  with  articles  of  food  representing  complex 
mixtures  of  substances  referable  to  the  two  classes  of  the  proteids  and 
nitrogenous  extractives,  with  many  other  things  besides.  Hence,  an 
answer  to  the  question  to  be  examined  must  be  a  limited  one,  and  such 
only  as  may  serve  tbe  limited  purpose  of  practical  application  in  con- 
nection with  nutrition  investigations.  Any  process  of  separation,  to  be 
of  value  in  such  application,  nnist  be  reasonably  simple,  and  capable 
of  being  carried  out  without  too  great  consumption  of  time. 

LIST   OF   SUBSTANCES  EXAMINED. 

A  good  deal  of  work  was  necessary  at  the  outset  in  procuring  satis- 
factory specimens  of  the  several  substances  to  be  examined.  Some  of 
these  have  been  prepared  out  and  out  in  this  laboratory  from  natural 
animal  or  vegetable  sources.  Some  have  been  purchased  in  a  more  or 
less  crude  state  and  carefully  purified.  Some  have  been  purchased, 
and  their  purity  ascertained  by  testing. 

The  following  representatives  of  the  simpler  amidic  and  imidic  com- 
pounds were  experimented  with : 

AmidO'acid$  of  the  fatty  Beries: 

Glyt'ocin  (glycocoU  or  amido-acetio  acid). 

Alauiu  (o-amido-propionic  acid). 

Leucin  (amido-caproic  acid). 
Amido-acids  of  the  succinic  acid  and  allied  series: 

Aspartic  acid  (anndo-succiDic  acid). 

Asparaii^iD. 

Glutamic  acid  (a-amido-oxyglutaric  acid). 

Glutamin. 
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Jmido-acid,  including  a  benzene  nucleus: 

Tyrosiu  (oxy-phenyl-o-amido-propiouic  acid). 
Betaiiie  bases: 

Betaine. 
Guanidine  basf  s : 

Kreatin. 

Kreatiniu. 
Biuee  and  neutral  amids  related  to  uric  acid: 

Hypoxau thine  (sarkiiie). 

Carnine. 

Allautoine. 

As  representatives  of  the  protekls  and  allied  sabstauces  tlie  following 
were  used : 

Albumin,  from  white  of  egg. 

Albumin,  from  blood. 

Fibrin,  from  blood. 

Casein,  from  milk. 

Legumin,  from  peaa. 

Globulin  (para-globulin),  from  Herum  of  blood. 

Vitellin,  from  yolk  of  e^g. 

Myosin,  from  muscular  tissue. 

Syutonin  (acid-albumin),  from  muscular  tissue. 

Haemoglobin  (mainly  oxy-hii*moglobiu),  from  blood  corpuscles. 

Albumose,  from  egg  albumin. 

Peptone,  from  fibrin  of  blood. 

Gelatiu,  from  skin. 

Chondrin,  from  cartilage. 

SOLUTIONS  USED   IN  EXPEBniENTS. 

These  were,  for  the  experiments  by  precipitation,  bronght  into  solu- 
tion as  follows,  involving,  as  will  be  seen,  change  of  chemical  constitution 
in  some  cases : 

Albumin,         )  ,. 

Haemoglobin,  \  «^i«««l^e^l  "»  ««ld  ^at«^- 
Gelatin,      i    .      ,      ,  .    ,    . 
Chondrin,  \  d»«s«l^-««^  '^  ^^>^  ^*»ter. 

Fibrin,  brought  sparingly  into  solution  by  prolonged  action  of  a  10  per  cent 
solution  of  sodium  chloride  in  water. 

Fibrin,  digested  with  a  4  per  cent  solution  of  caustic  sod)i,  and  the  solution 
afterwards  acidified  with  acetic  acid. 

Casein,  dissolved  in  1  )>er  cent  solution  of  caustic  soda,  and  the  solution 
cautiously  treated  with  dilute  acetic  acid  to  an  extent  just  shortof  coagu- 
lation. 

Globulin,  dissolved  in  5  per  cent  solution  of  sodium  chlorid. 

,,       .     '  >  dissolved  in  10  per  cent  solution  of  sodium  chlorid. 

Syntonin,  dissolved  in  0.1  per  cent  solution  of  hydrochloric  acid. 
Albumose,  fronx  the  early  stage  of  digestion  of  eg)r  albumin  by  means  of 

pepsin  and  0.2  per  cent  solution  of  hydrochloric  acid. 
Peptone,  from  advanced  stage  of  digestion  of  blood  fibrin  by  means  of  trypsin 

and  0.25  per  cent  solution  of  sodium  carbonate. 


Digitized  by 


Google 


11 

FOODS  INVOLVED  IN  THE  INVESTIGATION. 

While  it  was  especially  desirable  to  ascertain  the  behavior  of  these 
several  substances,  of  both  classes,  in  their  separate  condition,  it  was 
borne  in  mind  that  in  connection  with  nutrition  investigations  they 
have  to  be  dealt  with  as  constituents  of  ordinary  food  materials,  prin- 
cipally the  following: 

Meats,  includiugponltry  aud  fish  (raw  and  cooked)^  soups  and  stewB,  meat  extracts, 
eggS;  milk  and  cheese,  bread  and  other  farinaceous  preparations  such  as  cakes  aud 
pastry,  fruits  and  raw  table  vegetables,  cooked  fruits  and  table  vegetables,  fruit 
conserves,  undigested  and  unabsorbed  residues  of  food. 

It  was  assumed  as  probable  that  the  same  method  (in  detail)  would 
not  be  best  adapted  to  all  cases,  but  would  be  likely  to  need  modifica- 
tion iu  application  under  ditferent  conditions. 

Of  course,  the  investigation  undertaken  has  gone  over  ground  already 
well  trodden,  and  the  results  recorded  by  Schnlze,  Barbieri,  Sachsse, 
Kormann,  Boemer,  Huefner,  Allen,  Tankard,  Chittenden,  Osborne, 
Wiley,  and  others  have  been  carefully  examined. 

The  experimental  work  of  the  present  investigation  is  reported,  not 
altogether  in  the  order  in  which  it  was  done,  but  rather  in  logical  suc- 
cession, taking  account  first  of  physical  difierenees  between  the  classes 
of  substances  to  be  distinguished,  then  of  the  effects  of  chemical  agents 
of  decomposition,  and,  lastly,  of  relations  to  solution  and  precipitation. 

KETHODS  OF  SEPASATIHG  N ITBOGEH. 

A  brief  notice  of  several  methods  of  separating  nitrogen  will  afford 
means  of  comparison.  The  phospho  tungstic  method  which  was  espe- 
cially investigated  is  treated  more  fully  than  the  others. 

DIALYSIS. 

The  attempt  to  separate  such  proteids  as  are  soluble  in  water  from 
the  simpler  amids  intentionally  mixed  with  them  by  applying  Graham's 
method  of  dialysis  was  made  with  no  great  hope  of  success.  It  is,  of 
course,  well  known  that  the  amorphous  proteids  in  solution  exhibit  as  a 
class  a  very  small  degree  of  diffusive  mobility,  while  the  crystallizable, 
simpler  amids  diffuse  through  a  porous  septum,  as  of  parchment  paper, 
with  much  greater  rapidity.  But  separation  based  on  this  difference 
can  never  be  complete.  Only  a  part  of  the  more  diffusible  material 
can  be  obtained  in  the  water  on  the  opposite  side  of  the  diaphragm 
from  the  mixed  solution,  and  that  a  large  part  shall  be  so  obtained 
requires  that  the  volume  of  water  used  shall  be  large  as  compared 
with  the  volume  of  the  solution.  Moreover,  the  absolute  volume  of  the 
solution  itself  must  be  large  where  amids  of  but  slight  solubility, 
such  as  tyrosin,  are  present,  in  order  that  they  may  not  be  left  behind 
in  the  undissolved  state.    But  the  time  required  for  dialytic  se[)aration 
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extends  to  many  hours,  or  even  several  days,  and  during  sueli  i^ro- 
tracted  ex|)osnre  to  the  air  and  to  common  atmospheric  temperature 
weak  solutions  of  the  proteids  readily  undergo  chemical  cliange.  Again, 
it  is  to  be  rememberetl  that  the  peptones,  classed  with  the  proteids,  are 
<liffusible  in  much  higher  degree  than  natural  proteid  material  prior  to 
its  exposure  to  the  action  of  the  digestive  liuids.  This  fact  has  well- 
known  physiological  importance  in  its  bearing  on  the  preparation  of 
proteid  food  for  absorption  from  the  alimentary  canal,  but  in  analysis 
it  tends  to  confound  the  particular  group  of  the  peptones  with  the 
simpler  amids.  In  the  recovering  from  weak  solutions  of  small  quan- 
tities of  dissolved  substances  by  the  evaporation  of  large  amoants  of 
water,  further  chemical  change  of  the  substance  recovered  is  likely  to 
vitiate  the  results. 

Nevertheless,  some  twenty  or  more  experiments  were  carried  out 
with  dialysers  made  from  the  tubes  of  parchment  pai)er  which  can  now 
be  bought  in  Germany.  Cylinders  of  about  6  inches  long  were  cut 
from  tliCvse  tubes,  and  closed  at  one  end  by  thin  glass,  carefully  tested 
as  to  freedom  from  holes,  and  immersed  in  water  contained  in  ordinary 
glass  beakers.  A  fairly  clean  separation  was  obtained  of  leucin,  aspar- 
tic  acid,  and  kreatin  from  solutions  to  which  had  been  added  egg  or 
serum  albumin,  the  dili'nsate  being  in  each  case  evajwrated  at  a  mod- 
erate temperature  over  the  water  bath,  and  the  residue  weighed.  But 
the  process  of  diffusion  was  inconveniently  slow,  and  less  satisfactory 
results  were  obtained  when  the  dialyzed  solution  was  made  more  com- 
plex by  the  addition  of  other  substances. 

Subsequently  the  writer's  attention  was  attracted  by  the  paper  of 
Charles  J.  Martin  ^  on  the  use  for  a  like  separation  of  a  Pasteur  filter 
in  the  pores  of  which  a  film  of  silicic  acid  has  been  deposited,  the  fil- 
tration being  brought  about  under  pressure.  It  has  been  practicable 
to  make  only  two  or  three  exi>eriments  in  this  way.  The  method  is 
decidedly  promising,  but  it  seems  more  likely  to  be  useful  in  the 
purification  of  substances  in  quantity  than  as  a  process  of  analysis. 
With  small  quantities  of  material  it  can  hardly  be  made  available  for 
regular  laboratory  work  in  connection  with  nutrition  investigations. 
It  involves  the  same  difficulty  as  any  other  form  of  dialysis  in  cases  in 
which  the  proteoses  and  peptones  are  present. 

INTERACTION  WITH   NITROUS  ACID. 

It  was  hoped  that  by  varying  the  conditions  of  experiment  with  this 
reagent  some  characteristic  ditiferences  of  behavior  might  be  observed 
as  regards  the  evolution  of  elementary  nitrogen. 

The  most  advantageous  mode  of  producing  nitrous  acid  in  definite 
amount  was  found  to  consist  in  bringing  together,  along  with  the  mate- 
rial to  be  acted  upon,  pure  silver  nitrite  and  a  hydrochloric-acid  solu- 
tion of  known  strength.    The  action  took  place  in  a  glass  flask  of 
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about  100  c.  c.  capacity,  closed  by  a  stopper  through  which  passed  the 
long  neck  of  a  cylindrical  funnel  holding  about  60  c.  c,  the  neck  hav- 
ing an  interior  diameter  of  but  1  mm.  and  separated  from  the  wider 
cylindrical  reservoir  by  a  well  ground  glass  stopcock.  There  also 
passed  through  the  same  stopper  the  stem  of  a  thermometer  reading 
to  one-tenth  of  1  degree  with  accuracy,  a  small  tube  with  stopcock  for 
the  introduction  of  gas  to  displace  the  air  of  the  apparatus,  and  a  sec- 
ond small  tube  to  carry  oft*  the  nitrogen  evolved.  The  capacity  of  the 
flask  was  carefully  gauged  with  the  tubes  and  thermometer  in  position 
and  the  stopper  inserted  to  a  marked  depth  in  the  neck,  so  that  after 
the  introduction  of  any  known  volume  of  solid  or  liquid  material  a 
simple  subtraction  would  give  the  volume  of  gaseous  matter  remaining 
included.  A  gas  measuring  cylinder,  connected  with  the  flask  by  a 
tube  of  very  small  bore  and  immersed  in  water  in  a  larger  cylinder 
which  could  be  raised  or  lowered,  provided  for  collecting  and  measur- 
ing the  evolved  nitrogen.  The  flask  was  supported  in  a  water  bath, 
so  that  it  could  be  heated  or  cooled  at  ple^isure. 

In  order  to  give  time  for  action  upon  the  organic  material  under 
experiment,  and  to  keep  down  to  conveniently  small  limits  the  evo- 
lution of  nitrogen  dioxid,  it  was  found  important  to  work  with  the 
nitrous  acid  in  a  sufficiently  diluted  condition.  With  the  same  object 
in  view  it  was  found  desirable  to  raise  the  temperature  of  the  flask 
very  gradually.  In  carrying  out  an  experiment  the  particular  amidic 
or  proteid  material  was  finely  pulverized,  weighed  oft',  and  introduced 
into  the  flask,  either  in  the  dry  state  or  with  as  little  recently  boiled 
water  as  possible,  and  with  tbe  necessary  amount  of  silver  nitrite,  as 
a  fine  crystalline  powder.  This  powder  was  contained  in  a  small,  thin 
glass  cylinder  which  could  be  easily  upset  in  order  to  mix  its  contents 
with  the  other  materials  in  the  flask.  A  current  of  nitrogen  gas  was 
next  run  through  the  flask  until  all  air  was  exi)elled.  In  the  case  of 
substances  dissolving  in  water  with  difficulty  the  flask  was  now  allowed 
to  stand  closed  for  some  time  to  permit  of  solution  taking  place.  Com- 
munication was  established  with  the  gas-measuring  cylinder  and  the 
proper  quantity  of  standard  hydrochloric  acid  made  by  diluting  very 
strong  aqueous  acid  with  boiled  water  and  kept  in  small  well-closed 
bottles,  was  gradually  introduced  through  a  funnel  with  ca])illary  bore. 
Care  was  taken  that  no  air  was  admitted.  After  all  action  in  the  cold 
had  ceased  the  temperature  of  the  flask  was  gradually  raised  by  means 
of  the  water  bath  up  to  a  maximum  of  about  96°  or  97°  C.  As  soon  as 
all  action  was  over  and  the  apparatus  had  cooled  down  to  atmospheric 
temperature  the  flask  was  nearly  filled  up  with  recently  boiled  water, 
introduced  tbrough  the  capillary  funnel,  and  a  small  measured  volume 
of  nitrogen  was  run  in  to  displace  any  remaining  nitrogen  dioxid. 
The  gas  in  the  measuring  cylinder  was  then  treated  with  oxygen  in 
sufficient  excess  to  dispose  of  all  nitrogen  dioxid  and  with  caustic 
potash  and  pyrogallol  to  remove  excess  of  oxygen.    Alter  standing  at 
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rest  for  some  time  the  gas  was  measured,  due  allowance  beiug  made  for 
the  nitrogen  x^resent  in  the  flask  at  first  and  for  the  small  additional 
amount  afterwards  introduced.  Of  course,  the  proper  corrections  for 
])ressure,  temperature,  and  tension  of  aqueous  vapor  were  made  in  con- 
nection with  all  the  measurements  of  gas,  and  the  quantity  of  nitrogen 
obtained  was  divided  by  2,  one  half  being  yielded  by  the  organic  sub- 
stance and  the  other  by  the  nitrous  acid. 

With  a  view  to  guard  against  the  retention  of  any  nitrogen  in  the 
form  of  di-azo  derivatives  from  amids,  a  moderate  excess  of  hydro- 
chloric acnd  was  used.  In  the  case  of  kreatinin  the  results  are  com- 
plicated by  the  formation  of  the  supposed  nitroso  compounds  observed 
by  Dessaignes.  With  several  of  the  proteids  the  bright  yellow  color 
of  the  so  called  xanthoproteic  acid  was  well  marked,  as  the  conse- 
quence, doubtless^  of  the  action  in  the  flask  of  nitric  acid  produced  by 
the  breaking  np  of  nitrous  acid  into  nitric  acid,  nitrogen  dioxid  and 
water.  Too  little  is  known  of  the  yellow  substance  formed,  Mulder's 
xantho-])roteic  acid,  to  indicate  how  far  its  ]iitrogeu  comes  from  the 
proteid  and  how  far  from  tl»e  nitric  acid,  or  in  what  direction  or  to 
what  extent  its  formation  may  influence  the  amount  of  elenoientary 
nitrogen  given  off.  In  the  case  of  proteid  solutions  coagulable  by  heat 
it  was  manifestly  important  to  allow  the  action  of  the  hydrochloric  acid 
on  the  silver  nitrite  to  become  complete  below  the  t.emperature  of 
coagulation,  as  otherwise  silver  nitrite  was  entangled  in  clots  of  the 
coagulating  proteid.  In  some,  at  least,  of  these  experiments,  it  seemed 
probable  that  a  part  of  the  nitrogen  dioxid  given  off,  and  perhaps  of 
the  free  nitrogen,  was  due  to  the  reducing  action  of  the  carbon  or 
hydrogen  of  the  organic  substance  upon  nitrous  or  nitric  acid,  and  not 
solely  to  the  normal  interaction  of  nitrous  acid  and  the  amidogen  radi- 
cle present. 

The  process  was  varied,  not  only  in  respect  to  the  temperature 
applied,  but  also,  within  moderate  limits,  in  respect  to  the  x)i'essure  on 
raising  or  lowering  the  gas-measuring  tube  in  the  water.  It  was  further 
varied  by  increasing  the  proportion  of  nitrous  acid  to  different  extents 
in  excess  of  the  theoretically  necessary  amount. 

In  all  some  flfty  or  sixty  experiments  were  made.  In  a  number  of 
cases  the  simpler  amidic  compounds  gave  a  fair  approximation  to  the 
quantity  of  nitrogen  theoietically  to  be  exi)ected  from  them,  though 
even  with  such  substances  as  leucin,  asparagin,  and  aspartic  acid  the 
results  were  not  as  sharp  as  the  claims  of  Sachsse  and  Kormann  would 
lead  one  to  suspect.  One  of  the  best  experiments  yielded  for  aspartic 
acid  9.57  per  cent  of  nitrogen,  instead  of  the  10.53  per  cent  actually 
present.  Kreatin  did  not  give  one-half  of  its  nitrogen,  as  has  been 
heretofore  recorded  as  the  fact,  but  a  somewhat  nearer  approach  to 
one-third — 10.19  per  cent  as  against  32.06  per  cent — the  probability  of 
which  result  is  indicated  by  the  accepted  structure  of  the  molecule. 
In  all  cases  the  proteids  gave  some  nitrogen,  but  the  proportion  was 
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much  smaller  than  from  the  simpler  amjds,  and  varied  much  more  with 
the  precise  couditious  of  temperature,  pressure,  and  strength  of  solu- 
tion used.  In  one  experiment  serum  albumen  gave  but  2.G8  per  cent, 
and  in  another  but  2.92  i^er  cent  was  obtained  from  haemoglobin. 

On  the  whole,  the  indications  pointed  to  the  simpler  amids  and 
amido-acids  being  most  easily  decomposed  by  nitrous  acid,  the  proteoses 
and  peptones  perhaps  next,  and  the  proteids  proper  least.  But  no 
differences  were  observed  upon  which  any  useful  analytical  process  ot 
separation  or  distinction  could  be  based.  Experiments  ma<le  in  this 
way  are,  moreover,  troublesome,  and  require  strict  observance  of  the 
necessary  precautions  to  avoid  error  from  introduction  of  air  into  the 
apparatus  and  its  action  on  nitrogen  dioxid. 

INTERACTION  WITH   POTASSIUM  PERMANGANATE   IN  PRESENCE   OF 
FREE  ACID   OR   ALKALI. 

The  writer  had  not  much  hope  of  obtaining  useful  results  by  this 
method,  in  view  of  former  experience  gained  in  connection  with  the 
extended  research  upon  the  determination  of  organic  matter  in  drink- 
ing water  carried  out  many  years  ago  for  the  U.  S.  National  Board  of 
Health,  of  which  the  results  were  published  in  the  annual  report  of 
that  board  for  1882.  Still,  as  the  work  then  done  was  upon  extremely 
dilate  solutions,  comparable  in  respect  to  the  amount  of  organic  mat- 
ter present  with  natural  potable  waters,  it  seemed  ])ossible  that  results 
not  altogether  of  the  same  sort  might  be  obtained  with  solutions  of 
greater  concentration.  Hence  some  thirty  or  forty  experiments  were 
made  with  permanganate  strongly  acidified  with  sulphuric  acid,  and  a 
rather  larger  number  with  the  same  salt  after  potassium  hydroxid 
had  been  added  in  about  the  same  proportion  as  is  usual  for  the  Wank- 
lyn.  Chapman,  and  Smith  so-called  albuminoid-ammonia  process.  In 
the  former  set  of  experiments  the  amount  of  oxygen  withdrawn  from 
the  permanganate,  and  in  the  latter  set  the  amount  of  ammonia  pro- 
duced, were  determined.  In  both  cases  the  reactions  were  carried  out 
at  various  temperatures  up  to  the  boiling  points  of  the  several  liquids. 

Some  difference  was  observable  in  the  results  obtained  with  the  com- 
paratively strong  solutions  used,  such  difference  being  more  notable 
for  alkaline  than  for  acid  permanganate.  But  in  the  main  these  results 
only  confirmed  the  conclusions  arrived  at  in  the  earlier  research  The 
effect  of  the  reagent  employed  is  imperfect,  and  varies  much  with 
the  nature  of  the  individual  organic  materials  tested;  much,  also, 
with  the  conditions  of  the  experiment  and  with  the  rate  at  which 
the  action  proceeds.  No  valid  evidence  is  obtained  in  support  of 
Wanklyn's  view  that  simple  and  definite  fractions  of  the  total  nitrogen 
present  are  evolved  as  ammonia  on  treatment  with  alkaline  perman- 
ganate. 

Some  special  difficulties  and  sources  of  error  already  known  were 
reobserved;  as,  for  instance,  the  continuous  evolution  of  ammonia  by 
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boiling  many  organic  substances  with  alkaline  permanganate  until  dis- 
tillation has  practically  brought  the  contents  of  the  retort  to  dryness, 
without  all  of  the  nitrogen  present  having  been  given  off.  And  some 
other  causes  of  trouble  were  noticed ;  as,  for  instance,  the  loss  of  oxygen 
given  off  as  such  from  a  strong  and  acid  solution  of  permanganate  on 
standing  in  a  heated  condition  irrespective  of  action  on  the  organic 
matter  present. 

The  general  tenor  of  the  results  in  the  case  of  the  nitrogenous  sub- 
stances treated  pointed  to  more  energetic  and  extensive  action  of  per- 
manganate in  alkaline  than  in  acid  solution ;  also  to  more  extensive 
action  on  the  simpler  amidic  compounds  than  on  the  proteids.  But 
notwithstanding  sundry  variations  of  method  as  to  strength  of  the 
reagent  solutions,  proportion  of  reagent  to  organic  material  acted  on, 
temperature  and  time  of  action,  no  indication  was  obtained  of  any 
valid  basis  for  distinction  in  analysis  between  the  two  classes  of 
nitrogenous  material  studied. 

INTERACTION  WITH  SODIUM  HYPOBBOMITE. 

This  reaction  is  so  frequently  used  for  the  approximate  determina- 
tion of  urea  (carbamid),  while  its  results  with  other  amids  have  been 
so  scantily  examined  and  almost  no  facts  bearing  on  its  relation  to  the 
proteids  have  been  recorded  that  a  good  deal  of  interest  was  felt  in 
examining  it  somewhat  extensively  with  the  two  classes  of  materials 
which  were  studied. 

The  solution  of  bromin  was  prepiired  with  240  grams  of  x^otassium 
bromid,  200  grams  of  free  bromin,  and  enough  water  to  make  ui)  a 
liter.  The  solution  of  caustic  soda  was  made  with  340  grams  of  pure 
sodium  hydroxid  to  the  liter.  These  solutions  were  preserved  in  sep- 
arate bottles  and  equal  volumes  of  the  two  were  mixed  just  before 
using.  When  undiluted  the  mixture  represented  0.1  gram  of  originally 
free  bromin  to  each  cubic  centini(»ter  and  was  in  most  of  the  experi- 
ments used  of  this  strength;  but  various  dilutions  were  also  employed, 
being  made  by  additions  of  water  in  definite  amount. 

The  apparatus  with  which  the  reaction  was  carried  out  was  essen- 
tially the  same  as  that  adopted  for  the  experiments  with  nitrous  acid, 
save  that  the  small  tube  was  omitted  which  was  intended  to  introduce 
an  inert  gas  to  displace  air  from  the  apparatus,  this  precaution  being 
unnecessary  in  the  hypobromite  experiments. 

Nearly  80  experiments  were  made,  varying  the  conditions  as  to  tem- 
perature from  that  of  the  atmosphere,  usually  1 5^  to  20°,  up  to  06^  to 
980  C,  as  to  pressure  within  the  limits  allowed  by  the  immersion  of  the 
gas-measuring  cylinder,  and  as  to  time  from  fifteen  or  twenty  minutes 
up  to  five  or  six  hours. 

In  some  cases  the  results  obtainid  were  in  agreement  with  those  of 
the  few  hitherto  recorded  experiments — as,  for  instance,  aspartic  acid 
gave  no  nitrogen,  as  was  found  to  be  the  fact  by  Allen  and  Tankaixl. 
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In  other  cases  there  was  disagreement  with  some  of  the  published 
statements  and  confirmation  of  others.  Thus,  Allen  and  Tankard 
obtained  no  nitrogen  from  glycoein/aud  Tankard  none  from  asparagin,^ 
while  Oechsner  de  Ooninck  reported  both  these  substances  as  acted  on 
(by  sodium  hypochlorite)  when  gently  hccated,  nitrogen  gas  being 
evolved.^  The  writer  obtained  from  glycocin  4.2  per  cent  of  nitrogen 
instead  of  18.67  per  cent  as  required  by  the  formula,^  and  from  aspar- 
agin  11.12  per  cent  instead  of  18.67  per  cent,  the  amount  calculated, 
taking  account  of  the  presence  of  a  molecule  of  water  of  crystallization. 

In  a  number  of  cases  the  quantity  of  nitrogen  evolved  from  an  amid 
or  amido-acid  of  known  constitution  seemed  to  represent  a  simple  frac- 
tion of  the  total  quantity  contained  in  the  material  operated  on,  and  it 
might  not  unnaturally  be  suspected,  as  in  some  of  the  cases  reported 
by  Allen  and  Tankard,  that  one-fourth  or  one-half  to  two-thirds  of  the 
whole  quantity  was  liberated.  Thus  in  one  experiment  leucin  gave  2.58 
per  cent  of  nitrogen  instead  of  10.69  (calculatetl),  or  about  one-fourth ;  in 
another,  kreatin  gave  21.96  per  cent  instead  of  32.06  (calculated),  about 
two-thirds;  and  in  another,  hypoxan thine  gave  18.80  per  cent  instead  of 
41.18  (calculated),  which  might  mean  one-half — two  atoms  out  of  four. 
But  it  is  not  believed  there  is  any  more  real  significance  in  tliese  approxi- 
mations to  definite  fractional  parts  of  the  nitrogen  being  evolved  than 
in  the  similar  approximations  to  which  Wanklyn  drew  attention  in  con- 
nection with  his  so-called  albuminoid-ammonia  process.  His  conclu- 
sions have  been  shown  to  be  entirely  erroneous.  Different  figures  could 
be  obtained  from  the  same  materials  acted  on  by  varying  the  conditions 
of  the  experiment,  and  in  some  cases  there  was  no  really  sharp  ending  to 
the  reaction,  traces  of  gas  continuing  to  be  slowly  given  oft'  for  hours 
alter  the  main  portion  had  been  collected.  Moreover,  while  our  knowl- 
edge of  the  constitution  of  kreatin  would  make  it  not  improbable  that 
two  atoms  of  nitrogen  out  of  three  should  be  liberatetl,  or  two  out  of  tour 
in  the  case  of  hypoxauthin,  there  is  no  similar  ground  for  any  expec^ta- 
tiou  that  leucin,  containing  but  one  atom  of  nitrogen  in  the  molecule, 
should  yield  one-fourth;  or  glutamic  acid,  also  with  but  one  atom,  should 
yield  something  like  one-fourth  (2.56  per  cent  instead  of  9.52  calculated). 

The  researches  of  S.  Hoogewerff*  and  W.  A.,  van  Dorp  have  shown 
that  numerous  definite  products  other  than  elementary  nitrogen  may 
be  formed  by  the  action  of  alkalin  hypobromites  upon  amids  and  amido- 
acids,  especially  those  containing  cyclic  nuclei.  In  several  of  the 
writer's  experiments — as,  for  instance,  with  alanin  among  the  simpler 


'A.  H.  Allen,  Commercial  Organic  Analysis,  1896,  Vol.  Ill,  Part  III,  p.  275.  Pos- 
sibly the  solutions  were  not  heated. 

^Comptes  rendus,  1895,  121,  893-894.  Jour.  Cheni.  Soc.  (London),  (1896), 
Abstracts,  org.  chem.,  p.  282. 

^In  Watt's  Dicti:inary  of  Chemistry,  revised  edition  by  M.  M.  Pattison  Muir  and 
H.  F.  Morley,  Vol.  II,  p.  627,  it  is  stated,  on  the  authority  of  Denig^s  (Comptes  ren- 
dus, 107,  662),  that  with  sodium  hypobromite  nitrogen  is  evolved  from  glycocin. 
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amido-acids,  and  with  a  sample  of  globulin  among  the  proteids — a  crys- 
talline residue  separated  out  in  the  flask  on  cooling.  This  residue  was 
not  examined  further  than  to  determine  qualitatively  that  it  contained 
nitrogen.  The  proportion  borne  by  the  nitrogen  left  in  such  fixed 
residual  products  to  that  collected  as  gas  evidently  varied  with  the 
conditions  of  the  particular  experiment,  as  well  as  with  the  nature  of 
the  substance  acted  on. 

All  the  proteids  and  analogous  materials  treated  gave  some  gaseous 
nitrogen.  For  the  most  part  tlie  amount  was  about  two-fifths  of  the 
whole  amount  present;  but  occasionally  a  larger  proportion,  as  in  one 
experiment  with  globulin  just  about  one-half,  and  in  another  with 
myosin  about  three  fourths.  In  this  last  case  the  action  was  allowed 
to  go  on  at  a  high  temi)erature  for  a  time  much  longer  than  usual. 
The  remarks  alread}'^  made  in  regard  to  the  simpler  amidic  substances, 
as  to  modification  of  results  by  variation  of  the  conditions  of  experi- 
ments, fully  apply  also  to  the  experiments  with  proteids  and  their 
congeners.  Tbe  lack  of  sharpness  of  ending  to  the  reaction  was  r^ore 
noticeable  with  the  latter  class  of  materials  than  with  the  former. 

Although  these  experiments  with  alkaline  hypobromite  were  interest- 
ing, and  occasionally  oftered  points  which  might  repay  further  investi- 
gation, they  did  not,  taken  altogether,  afford  any  satisfactory  basis  for 
distinguishing  in  analysis  between  the  classes  of  materials  to  be  studied 
in  contrast  with  each  other. 

BEHAVIOR  WITH   CITPEIC   HYDROXID   (STUTZEE'S  KEAGENT). 

The  formation  of  insoluble  compounds  of  the  proteids  with  cupric 
hydroxid,  while  leaving  the  simpler  amids  soluble  in  the  presence  of  an 
excess  of  this  reagent,  has  been  extensively  adopted  as  the  means  of 
separation,  but  experiments  made  in  this  way  have  not  given  the  writer 
much  confidence  in  the  method  as  a  general  one.  In  some  cases,  working 
with  a  proteid  alone,  the  copper  compound  underwent  partial  solution, 
a  blue  liquid  being  formed,  although  care  had  been  taken  to  avoid  the 
presence  of  free  alkali.  Possibly  this  result  was  due  to  incipient 
decomposition  of  the  proteid  material.  As  StutztT  himself  has  pointed 
out,  peptones  are  very  incompletely  ])recipitated  by  cupric  hydroxid. 
A  further  objection  is  to  be  found  in  the  very  slight  solubility  of  the 
copper  salts  of  some  of  the  simpler  amido-acids,  especially  leucin  and 
glutamic  acid;  in  a  less  degree  the  same  statement  applies  to  aspartic 
acid.  Even  at  the  temperature  of  boiling  water  the  copper  compounds 
of  these  substances  are  but  very  sparingly  soluble,  and  if  the  liquid, 
after  digestion  with  cupric  hydroxid,  be  filtered  cold,'  the  comiK)uuds 
in  question  will,  if  present,  be  almost  certainly  left  on  the  filter  along 
with  the  proteid  material. 


'  As  directed  by  the  Association  of  Official  A^rioultiiral  Chemists,  Bulletin  Xo.  46 
of  the  U.  S.  Department  of  Agriculture,  Division  of  Chemistry  (1895),  p.  25. 
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RELATIONS  TO  ALCOHOL  AS  A  SOLVENT. 

It  has  been  repeatedly  proposed  to  use  strong  alcohol  for  the  precip- 
itation of  the  proteids,  with  a  view  to  their  quantitative  determination, 
and  this  even  in  cases  involvin*r  the  simultaneous  presence  of  some  of 
the  amidic  compounds  under  discussion,  such  as  the  flesh  bases.^  But 
not  only  do  the  character  and  amount  of  the  ])roteids  so  precipitated 
or  left  insoluble  vary  with  the  strength  of  the  alcohol  and  the  quantity 
of  it  used,  but  the  further  serious  objection  presents  itself  that  nearly 
all  the  simpler  amids  and  amido  acids  are  either  insoluble  in  alcohol  or 
so  slightly  soluble  that  it  is  practically  impossible  to  wash  them  out 
satisfactorily  from  the  precipitated  or  coagulated  proteids.  A  method 
which  18  not  properly  applicable  to  sucli  important  substances  as 
asparagin  among  vegetable  food  materials,  and  kreatin  among  those 
of  animal  origin,  manifestly  deserves  but  little  consideration. 

BEHAVIOR  WITH   SEVERAL  NEW   OR  LITTLE   USED   REAGENTS. 

A  number  of  miscellaneous  experiments  were  tried  with  reagents 
which  have  either  been  but  occasionally  applied  to  materials  of  the 
kind  under  examination,  or  have  not  been  so  applied  at  all,  so  far  as 
published  records  show. 

A  weak  solution  of  pure  phenol  (carbolic  acid),  trichloracetic  acid, 
formic  aldehyde  in  aqueous  solution,  and  hydrazoic  acid  (azoimide) 
were  thus  tried,  but  from  none  of  these  reagents  were  results  obtained 
which  furnished  any  ground  for  a  general  method  of  distinguishing 
the  two  classes  of  nitrogenous  materials  which  were  being  studied. 

BEHAVIOR  WITH  PHOSPIIO-TUNGSTIC  ACID. 

This  reagent,  the  discussion  of  which  I  have  left  to  the  last,  has 
proved  of  much  more  value  than  any  other  I  have  tried,  and  its  appli- 
cation under  proper  conditions  affords,  I  believe,  a  fairly  satisfactory 
practical  solution  of  the  question  I  have  undertaken  to  examine.  The 
use  of  phospho-tungstic  acid  for  tlie  precipitation  in  general  of  nitrog- 
enous compounds,  alkaloidal,  amidic,  and  proteid,  is,  of  course,  well 
known  and  often  practiced,  but  some  of  the  special  facts  on  which  may 
be  founded  its  application  to  the  purpose  now  under  discussion  are 
believed  to  be  new,  and  the  particular  use  made  of  these  ])oints  of 
behavior  has  not  been  before  described.  In  connection  with  the  experi- 
ments made  with  phospho-tungstic  acid,  the  results  obtainable  from  a 
parallel  series  of  experiments  with  a  strong  solution  of  tannic  acid  were 
compared,  one  of  these  two  reagents  being  found  under  special  circum- 
stances to  replace  the  other  with  advantage. 

The  precipitant  was  employed  not  as  a  sodium  or  other  salt,  but  as 
the  phospho-duodeci-tungstic  acid,  crystallized  in  small  cubes  and  dis 


^See  Watts's  Dictionary  of  Chemistry,  revised  edition.  Vol.  IV,  p.  330,  and  H   W 
Wiley's  Principles  and  Practice  of  Agrioultural  Analysis;  Vol.  Ill,  p.  453. 
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solved  iu  dilute  hydrochloric  acid,  25  grains  of  real  HCl  to  the  liter. 
Solutions  of  two  degrees  of  strength  were  prepared,  the  one  containing  50 
grams  of  the  solid  reagent  to  the  liter,  tlie  other  100  grams.  In  the 
experiments  with  tannic  acid,  solutions  in  like  manner  containing  50 
and  100  grams,  respectively,  of  a  remarkably  good  sample  of  the 
reagent,  dissolving  readily  to  a  perfet^tly  clear  liquid,  were  made  use  of. 

It  has  been  assumed  by  Stutzer  and  others  that  the  protei<l  and 
allied  substances  are  precipitated  by  phospho  tungstic  acid,  while  the 
simpler  amids  and  amido  acids  are  not  so  precipitated.  As  qualifying 
this  general  assumption,  it  has  been  stated  that  some  of  the  proteid 
derivatives,  as  the  peptones,^  are  incompletely  precipitated,  and  on  the 
other  hand  that  the  flesh  bases,  kreatin,  kreatinin,  etc.,  are  fully  pre- 
cipitated. The  reagent  in  question  has  been  recommended  as  the 
means  of  separating  and  determining  them.* 

Account  does  not  seem  to  have  been  taken  hitherto  of  the  fact  that 
some  of  the  precipitates  formed  by  substances  of  amidic  character  with 
phospho-tungstic  acid  are  to  a  small  extent  soluble  in  water,  and  that 
their  solubility  is  much  increased  by  rise  of  temperature. 

CLASSIFICATION   OF   SUBSTANCKS  EXAMINEI>. 

It  has  been  found  that  the  various  substances  on  which  these  experi- 
ments have  been  made  fall  into  three  classes,  as  follows: 

(a)  Those  which,  even  in  pretty  strong  solutions,  give  no  precipitate 
with  phospho-tungstic  acid. 

(h)  Those  which  are  precipitated  at  any  rate  in  strong  solutions,  the 
precipitate  redissolving  with  more  or  less  ease  on  heat  being  applied  to 
the  liquid  or  on  treating  the  precipitate  with  hot  water,  and  reappear- 
ing on  cooling. 

(c)  Those  which  are  precipitated,  the  precipitate  not  being  sensibly 
soluble  and  the  supernatant  liquid  remaining  clear  on  being  heated 
along  with  the  precipitate  and  subse(iuently  cooled. 

Under  the  first  head  fall  glycocin,  alanin,  leucin,  aspartic  acid,  aspar- 
agin,  glutamic  acid,  tyrosin,  and  allantoin.  In  the  case  of  alauiu  there 
was  a  very  slight  turbidity,  not  increased  by  using  a  saturated  solution, 
suggesting  the  probability  of  a  trace  of  some  impurity  being  present. 

Under  the  second  head  were  observed  glutamin,  a  slight  precipitate, 
the  solution  easily  cleared  by  heating,  the  turbidity  reap]>earing  on 
cooling;  betaine  in  strong  solution,  a  copious  white  precipitate,  dis- 
solving gradually  on  addition  of  more  water  and  heating,  the  precipi- 
tate   reappearing  on  cooling;    kreatin,   strong    precipitate,   solution 


'Dr.  W.  D.  Haniburton  in  the  article  ^'Proteids''  in  Watts's  Dictionary  of  Chem- 
istry, revised  edition,  Vol.  IV,  p.  331.  In  Gamgee's  Text-book  of  Physiological 
Chemistry,  Vol.  II,  p.  139,  it  is  stated  that  peptones  arc  precipitated  by  phospho- 
tungstic  and  phospho-niolybdic  acids,  and  that  these  two  reagents  famish  the  means 
of  separating  them.  A  similar  nnqiialiiied  statement  is  to  be  found  in  the  Appendix 
(by  A.  Sheridan  Lea)  to  Michael  Foster's  Text-book  of  Physiology,  p.  45. 

'Koeiiig  and  Boenier— Zeitschrift  fiir analy t.  Chemie.,  34, 560,  adopted  in  Prof.  H.W. 
Wiley's  Principles  and  Practice  of  Agricultural  Analysis,  3,  454. 
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cleared  by  heatiug,  becoming  turbid  again  on  cooling;  kreatinin,  large 
precii)itate,  disappearing  on  free  addition  of  water  and  heating,  reap- 
pearing on  cooling;  bypoxanthine,  strong  precipitate,  cleared  up  on 
beating,  reappearing  on  cooling;  and  carnine,  well-marked  precipitate, 
cleared  by  moderate  addition  of  water  and  heating,  reappearing  on 
cooling.  Urea  also,  which  is  not  likely  to  occur  among  food  materials, 
but  povssibly  needs  to  be  considered  in  connection  with  undigested 
residua,  gave  a  copious  white  precipitate  of  crystalline  character,  cleared 
by  heating,  and  the  precipitate  forming  anew  on  cooling.  A  peptone 
solution  gave  an  abundant  precipitate,  becoming  clotted  by  heating 
and  dissolving  to  a  considerable  extent,  reprecipitating  on  cooling. 

Under  the  third  head  were  found  egg  albumin,  fibrin,  casein,  legumin, 
globulin,  vitellin,  myosin,  syntonin,  hjcmoglobin,  albumose,  gelatin,  and 
chondrin.  In  nearly  all  these  cases  the  precijntate  formed  was  bulky, 
taking  into  account  the  strength  of  the  solution  used,  and  became  clot- 
ted on  heating,  shrinking  very  considerably.  •  In  the  case  of  myosin 
only  (in  10  per  cent  sodium  chlorid  solution)  was  there  a  very  slight 
appearance  of  turbidity  on  cooling  the  solution  which  had  been  heated 
with  the  precipitate. 

USE   OF   HOT   WATKR. 

As  it  was  evidently  imix^rtant  to  ascertain  with  some  degree  of  defi- 
niteness  how  far  the  precijntates  formed  by  amidic  substances  of  the 
second  of  these  classes  would  dissolve  in  hot  water,  quantitative  experi- 
ments were  made  with  those  which  seemed  to  be  least  soluble.  In  each 
case  the  precij)itate  formed  by  phospho-tungstic  acid  in  the  cold  was 
filtered  ofit",  washed  with  cold  water,  and  dried  at  ordinary  temperature 
(15^  to  20^)  over  suli)huric  acid.  Stutzer  advises  that  the  phosi)ho- 
tungstic  acid  precipitates  be  washed  with  dilute  sulphuric  acid,  and 
Wiley  recommends  for  the  same  purpose  a  solution  of  the  i)recipitates. 
Of  the  precipitate  formed  by  betaine,  1  part  dissolved  in  71  ])art3of 
water  at  98.2^;  of  that  produced  by  kreatin,*  1  part  dissolved  in  107 
of  water  at  98.1^;  of  that  produced  by  kreatinin,  1  i)art  dissolved  in 
222  of  water  at  97.9^;  of  that  produced  by  hypoxanthin,  1  part  dis- 
solved in  98  of  water  at  97.6^;  and  of  that  produced  by  carnin,  1  part 
required  for  solution  h'32  of  water  at  98.4^. 

By  the  use  of  phospho-tungstic  acid  as  a  precipitant,  therefore,  fol- 
lowed by  washing  of  the  precipitate  with  hot  water,  it  seems  possible 
to  effect  a  sei)aration  of  all  the  simpler  amidic  substances  from  all  the 
proteids  and  proteid-like  bodies,  except  only  the  peptones.  As  regards 
this  last  group  it  is  stated  unreservedly  by  A.  S.  Lea,^  A.  Gamgee,* 


'The  phoBpho-tungstic  acid  precipitale  formed  by  kre<atin,  whit«»  at  tirMt,  dark- 
ened notably  on  exposure  to  liglit,  looking  after  a  wbile  like  silver  chloride  which 
had  been  in  like  manner  exposed.  The  experiment  on  nolubility  'vvas  made  with  a 
sample  which  had  been  Hcreened  from  light  and  was  unaltered. 

3  The  Chemical  Basis  of  the  Animal  Body,  an  appendix  to  M.  Foster's  Text-book  of 
Physiology  (1893),  p.  45. 

»A  Text-book  of  the  Physiologiral  Chemistry  of  the  Animal  Body  (1893),  2,  139. 
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and  W.  D.  Halliburton^  that  the  peptones  are  precipitated  by  tannic 
acid.  The  last-named  writer  says  "  completely  precipitated."  In  one  or 
two  of  the  writer's  own  experiments,  asing  tannic  acid,  an  abundant  pre- 
cipitate was  formed.  This  became  clotted  on  heating  and  the  clear 
supernatant  liquid  showed  some  little  return  of  turbidity  on  cooling. 
The  writer  is  inclined,  however,  to  attribute  this  apparent  partial  re  so- 
lution of  the  precipitate  merely  to  the  presence  of  a  little  of  a  proteose 
formed  in  the  earlier  stages  of  digestion  and  not  afterwards  completely 
removed.  Assuming  this  view  to  be  correct,  tannic  acid  furnishes  the 
reagent  needed  to  dispose  of  the  one  case  unprovided  for  by  phospho- 
tuugstic  acid. 

DKTAILS  OF  THE  METHOD  WITH  PHOSPHO-TUXGSTir  ACID. 

The  method  proposed  is  as  given  iu  the  following  paragrai)hs.  It  is 
stated,  for  the  sake  of  simplicity,  first,  as  applicable  to  meat,  raw  or 
cooked.  The  variations  required  in  the  examination  of  other  clas.sesof 
food  materials  are  reserved  for  notice  afterwards. 

A  carefully  selected  and  accurately  weighed  sample  is  to  be  ground 
in  a  glazed  xiorcelain  mortar  with  as  much  sharp  edged  siliceous  sand, 
previously  heated  to  redness  with  free  exposure  to  air,  or  with  as  much 
hard  glass  in  small,  sharp  splinters  similarly  ignited,  as  shall  suffice  to 
thoroughly  subdivide  the  tissue  and  reduce  it  to  the  <;oiidition  of  a 
smooth  pulp.  Of  this  pulp,  very  carefully  mixed,  so  as  to  insure  uni- 
formity, two  aliquot  parts  are  to  be  taken.  In  one  the  total  nitrogen  is 
to  be  determined  by  the  well-known  Kjeldahl  process  with  addition  of 
potassium  sulphate,  as  recommended  by  Gunning,  using  a  rather  large 
proportion  of  sulphuric  acid,  so  that  no  previous  drying  of  the  sample 
is  needed.  The  other  part  is  to  be  digested  with  cold  water,  filtered  on 
a  nitrogen-free  filter,'  and  the  residue  washed  on  the  filter  with  water 
at  the  same  low  temperature  as  long  as  it  gives  up  soluble  matter  in 
sensible  amount.  Cold  water  is  used  to  avoid  action  on  and  extraction 
of  the  gelatinoids.  Kreatiuin  is  quite  easily  dissolved,  as  is  also  sarco- 
sine;  kreatin  with  a  very  fair  degree  of  ease.  Xanthin,  hypoxanthin, 
and  carnin  are  less  soluble.^ 

The  filtrate  is  then  to  be  slightly  acidified  with  acetic  acid,  heated 
to  about  90^  C,  and  again  filtered  from  any  coaguluni  produced.  A 
little  more  sand  or  pulverized  glass  may  with  advantage  be  stirred  in 
before  bringing  it  onto  the  filter  the  second  time. 

To  this  second  filtrate  is  to  be  added  an  acidified  solution  of  phospho- 
tungstic  acid  as  long  as  a  precipitate  continues  to  form,  avoiding  any 
very  large  excess  of  the  reagent  solution.     With  a  moderate  amount  of 


'  Watt's  Dictionary  of  Chemistry,  revised  edition,  1894,  4,  331. 

•The  case  with  which  filtration  may  be  eft'ected  is  much  increased  by  the  presence 
of  the  sand  or  crushed  glass. 

^Hypoxanthine,  1  part  m  300  of  water.  The  solubility  of  cnmine  does  not  seem 
to  have  been  r«'corded  till  now.  The  writer  has  found  it  to  be  1  part  in  312  of  water 
at  15.3-  C. 
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sand  or  pulverized  glass  added,  to  prevent  the  formation  of  a  dense  clot, 
the  liquid  and  precipitate  are  to  be  heated  to  about  90^  O  ,  filtered,  and 
the  precipitate  washed  thoroughly  on  the  filter  with  water  at  about  the 
same  temperature.  This  third  filtration  may  be  carried  out  on  the 
same  filter  already  used  for  the  second,  but  as  a  general  rule  it  will  be 
found  better  to  use  a  new  filter,  thus  avoiding  i>ossible  delay  due  to 
partial  drying  of  the  previously  used  one  and  subsequent  clogging  of 
its  pores. 

Assuming  now  that  nitrogen  is  present  in  the  sample  under  exami- 
nation only  in  the  two  forms  of  proteids  and  simpler  amidic  compounds, 
the  three  (or  two)  filters  used  and  their  contents  are  to  be  submitted 
to  the  Gunning- Kjeldahl  process  for  the  determination  of  proteid  nitro- 
gen. By  subtraction  of  this  from  the  total  nitrogen  previously  deter- 
mined the  amount  of  this  element  present  in  the  simpler  amidic 
compounds  will  be  obtained. 

In  cases  involving  the  presence  of  ammonia  or  its  salts,  nitrates,  or 
alkaloids,  the  nitrogen  occurring  in  these  forms  must,of  course,  also  be 
deducted  from  the  total  nitrogen  before  recording  the  residue  as  nitro- 
gen of  the  simpler  amids  and  amido-acids.  In  like  manner  a  separa- 
tion of  lecithin,  when  present,  may  be  effected  by  the  use  of  ether  as  a 
solvent,*  a  determination  of  phosphorus  made  the  basis  of  a  calcula- 
tion of  lecithin  nitrogen,  and  this  in  turn  subtracted  from  the  total 
nitrogen  found. 

When  peptones  are  present,  these  are  to  be  precipitated  by  tannic 
acid  from  the  solution  which  has  been  acidified  with  acetic  acid  and 
heated.  After  this  has  completely  cooled  down,  and  before  adding 
X)hospho  tungstic  acid,  the  filter  on  which  the  tannic- acid  precipitate 
is  collected  and  washed  with  cold  water  is,  with  its  contents,  to  be 
submitted  to  the  modified  Kjeldahl  process,  and  the  nitrogen  obtained 
counted  as  part  of  the  proteid  nitrogen. 

The  several  filters  and  precipitates  from  which  the  proteid  nitrogen 
is  obtained  may  either  be  treated  separately  by  the  Kjeldahl  i)roces8 
or,  preferably,  may  all  be  brought  together  and  submitted  to  this  pro- 
cess in  a  single  operation.  If  tlie  latter  course  be  pursued,  it  will  be 
well  to  introduce  each  filter  with  its  contents  as  soon  as  washed  into 
the  strong  sulphuric  acid,  so  as  to  avoid  any  possible  decomposition 
and  loss  of  nitrogen  as  ammonia  until  all  the  filters  have  been  brought 
together  and  the  moist  combustion  process  can  be  proceeded  with. 

When  proteoses  are  present  it  may  be  well  to  make  a  check  determi- 
nation of  their  amount  by  saturation  of  the  a(iueous  solution,  after 
acidification  with  aceti<t  acid,  heating  and  subseriueut  cooling,  with  zinc 
sulphate,'^  and  determining  nitrogen  in  the  precipitate  so  formed  by 
means  of  the  Kjeldahl  process. 


1  Extraction  with  the  ether  alone  wUl  remove  only  a  portion  of  the  lecithins.  A 
mixture  of  ether  and  alcohol  should  foUow  the  ether  in  order  to  secure  a  complete 
extraction. 

^As  saggested  by  Boemer,  Zeitschrifi  fiir  analyt.  Chemio,  1895,  34,562. 
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When  gelatinoids  are  preseiit,  as  may  be  tlie  case  with  soups,  stews, 
and  meat  extracts,  hot  water  maj'  be  used  at  once  for  solution  or  wash- 
iug  the  original  niaterial,  and  this  with  tlie  advantage  of  facilitating 
tlie  extraction  of  the  less  soluble  simpler  amids  and  amidoacids. 
These  are,  as  a  rule,  more  easily  dissolved  in  the  presence  of  a  little 
free  acid;  hence  acidification  at  an  early  stage  of  the  treatment  is 
advantageous.  In  a  case  in  which  tyrosin  might  be  present,  as  in  some 
vegetable  materials,  and  possibly  aujong  unabsorbed  residua  of  food, 
the  use  of  hot  water  and  the  presence  of  free  acid  would  greatly 
increase  the  solubility  of  this  substance. 

In  food  of  vegetable  origin  wliere  much  starch  is  present  it  will  be 
better  to  avoid  the  use  of  hot  water  at  first,  so  that  the  solution  may 
not  be  loaded  with  viscid  material,  rendering  filtration  difficult. 

In  all  cases  in  which  the  food  material  to  be  examined  is  already 
fluid  from  the  presence  of  water — as,  for  instance,  soup,  milk,  and  the 
like — filtration  will  of  course  at  once  be  resorted  to,  being  almost  always 
mnch  facilitated  by  the  addition  of  sand  or  pulverized  glass,  and  only 
such  further  quantity  of  water  will  be  used  as  is  required  for  washing 
the  undissolved  matter  left  upon  the  filter. 

In  the  presence  of  fat  in  large  quantity,  it  may  be  well  first  to 
remove  this,  or  most  of  it,  by  extraction  with  ether.  The  simpler 
amidic  substances  are,  as  a  rule,  insoluble  in  ether,  but  by  way  of  pre- 
caution the  ethereal  solution  of  fats  nnght  be  shaken  up  two  or  three 
times  with  acidified  water,  and  the  watery  fluid  evaporated  and  tested 
for  nitrogen. 

In  regard  to  the  method  of  reporting  results,  the  most  important 
l)oint  is  the  separate  statement  of  the  amount  of  nitrogen  i)resent  in 
the  form  of  proteids  and  their  more  closely  related  congeners  and  in 
the  form  of  tlie  simpler  amids  and  amido-acids.  But  in  attempting  to 
calculate  from  the  nitrogen  found  under  these  heads  the  actual  amount 
of  the  proximate  nitrogenous  coistitnents  of  the  footl  material  ex- 
amined, the  question  arises,  What  factor  should  be  used  by  which  to 
multiply  the  nitrogen  found  in  each  case? 

FACTORS  FOR   CALCULATION   OF   TOTAL   NITROGEN. 

The  error  noticed  by  Professor  Wiley'  as  involved  in  the  multiplica- 
tion of  the  total  nitrogen  of  a  samjde  of  meat  by  6.25,  and  the  assump- 
tion that  the  i)roduct  represents  the  true  quantity  of  nitrogenous  matter, 
is  not  restricted  to  the  use  of  the  same  factor  for  the  proteids  and  flesh 
bases.  While  the  multiplier  should  be  a  much  smaller  one  for  the  lat- 
ter, it  also  confounds  under  a  single  head  these  two  cl.asses  of  material, 
unquestionably  possessing  very  difterent  nutritive  values. 

It  is  evident  that  for  each  substance  examined,  or  at  any  rate  for 
each  class  of  generally  similar  food  materials,  there  should  be  made  a 
qualitative  investigation  of  the  simpler  amidic  constituents  present, 


'Principles  and  Practice  of  AgTicultiiral  Analysis  (1897),  3,  6&1.-^ 
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and  if  possible  a  roughly  approximate  estimate  of  the  proportions  in 
which  they  severally  occur;  also  it  is  clear  that  the  factor  to  be  used 
in  calculating  the  nitrogenous  constituents  to  be  reported  under  each 
analysis  should  be  decided  by  such  preliminary  investigation.  In  the 
light  of  present  knowledge  of  this  kind  the  writer  is  inclined  to  sug- 
gest the  following  numbers: 

For  i)roteids  and  allied  substances,  multiply  nitrogen  found  by  6.25, 
as  usual  at  present. 

For  flesh  bases  and  simpler  amids  of  animal  origin  in  food  mate- 
rials, multiply  by  3.05. 

For  simpler  amids  and  amido-acids  of  vegetable  origin  in  food  mate- 
rials, multiply  by  5.15. 

For  mixed  amidic  constituents  of  unabsorbed  solid  residua  in  diges- 
tion experiments,  multiply  by  9.45. 

As  a  matter  of  general  practice,  in  all  statements  of  the  results  of 
nutrition  experiments  the  rule  should  be  invariably  observed  to  give 
the  actual  amounts  of  nitrogen  obtained  by  analysis,  whatever  calcu- 
lated conclusions  be  afterwards  deduced  therefrom;  so  that,  with  fur- 
ther knowledge  of  the  nature  of  the  proximate  nitrogenous  constitu- 
ents present,  the  factor  used  in  calculation  may  be  changed,  if  such 
change  seems  to  be  called  for,  while  the  original  experimental  work 
still  retains  its  value. 

In  concluding  this  report  the  writer  wishes  to  express  the  hope  that 
the  method  suggested,  which  seems  to  carry  with  it  some  improvement 
upon  present  practice  and  in  a  fairly  simple  and  easily  applied  form, 
may  be  tried  with  yet  other  amids  and  proteids  than  those  experi- 
mented on  by  him,  and  that  any  special  difficulties  which  may  be  en- 
countered with  particular  articles  of  food  may  be  investigated.  Espe- 
cially is  it  desirable  that  the  variations  be  studied  which  may  prove  to 
be  necessary  in  dealing  with  vegetable  instead  of  animal  materials. 
The  latter  have  been  chiefly  kept  in  view,  in  accordance  with  the 
instructions  of  the  letter  of  authorization  under  which  this  investigation 
has  been  conducted. 
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8EFAEATI0N  OF  lEOTEID  BODIES  FEOM  THE  FLESH  BASES  B7 
MEANS  OF  GHLOEnr  AND  BEOMIN. 

By  H.  W.  WiLKY. 

In  dry,  tiuely-ground  animal  matters  from  which  the  fats  have  been 
thoroughly  extracted  with  ether,  it  is  possible  to  effect  au  easy  separa- 
tion of  the  nitrogenous  bodies  into  three  groups.  These  groups,  for 
purposes  of  dietetic  study,  are  sufficiently  distinct  to  afford  a  safe  basis 
of  valuation  of  the  different  nitrogenous  constituents.  The  process 
which  has  been  adopted  in  the  laboratory  of  the  Division  of  Chemistry, 
Department  of  Agriculture,  for  this  separation  is  gi^eu  in  detail  here. 

DETAILS   OF  METHOD. 

.n  the  dry,  fat-free,  finely-ground  animal  substance  the  nitrogenous 
bodies  soluble  in  water  may  be  separated  by  first  thoroughly  exhaust- 
ing the  material  with  cold  or  lukewarm  water,  and  afterwards  with 
water  near  the  boiling  temperature.  By  this  method  the  water-soluble 
constituents  of  the  nitrogenous  substances  are  thoroughly  removed. 
Having  determined  the  total  percentage  of  nitrogen  m  the  whole 
sample,  the  residual  insoluble  nitrogen  is  determined  in  the  residue  left 
after  extraction.  This  percentage  multiplied  by  6.25  gives  the  total 
quantity  of  insoluble  proteid  matter  contained  in  the  animal  material. 
In  the  filtrate  the  soluble  proteid  matter  which  has  been  dissolved  by 
the  water  may  be  completely  thrown  out  of  solution  by  treatment  with 
bromin  in  tlie  manner  about  to  be  described. 

About  one-gram  portions  of  the  dry  animal  material  are  washed  with 
ether  by  decautation,  using  from  50  to  100  cc  of  ether  for  eacli  sample, 
and  decanting  the  ether  through  filters  which  are  afterwards  used  to 
receive  the  portion  of  the  sample  insoluble  in  hot  water.  After  allow- 
ing the  ether  to  evaporate,  the  samples  are  treated  first  with  cold  and 
then  with  hot  water,  this  washing  also  being  by  decantation,  the  total 
amount  of  water  used  being  from  300  to  400  cc.  The  undissolved  resi- 
dues are  brought  on  to  the  filter  with  the  last  portions  of  water.  The 
nitrogen  in  the  residues  on  the  filters  is  determined  by  the  Gunning 
method. 

The  filti'ate  from  the  insoluble  portions  of  the  meat  is  received  in 
Ejeldahl  flasks  and  used  for  the  separation  of  the  soluble  proteid  nitro- 
gen by  bromin.  The  filtrate  is  first  acidulated  with  two  or  three  drops 
of  strong  hydrochloric  acid  and  then  about  2  cc  of  liquid  bromin  are 
added  and  the  contents  of  the  flask  vigorously  shaken.  If  the  bromin  be 
all  taken  up  more  is  added  until  finally  a  globule  of  J  re  of  liquid  bromin 
is  left  undissolved  and  the  supernatant  liquid  is  thoroughly  saturated 
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with  bromin.  Tlie  mixture  is  tbeu  allowed  to  stand  overnight,  by 
which  time  the  precipitate  will  have  settled.  The  supernatant  liquor 
is  passed  through  the  filter  and  the  precipitate  in  the  flask  washed  by 
decantation  with  water,  the  globule  of  undissolved  bromin  serving  to 
saturate  the  wash  water  so  that  it  is  unnecessary  to  use  additional 
bromin  water  for  the  washing.  The  filter  coiitaining  the  precipitate  is 
returned  to  the  same  flask  in  which  the  precipitation  has  taken  place 
and  the  nitrogen  therein  determined  by  the  Gunning  metbod.  The 
sum  of  the  nitrogen  in  the  part  insoluble  in  water  and  the  part  precipi- 
tated by  bromin  is  subtracted  from  the  total  nitrogen  determined  on 
the  original  sample,  and  the  difference  gives  the  total  nitrogen  in  the 
flesh  bases. 

FACTORS   FOR   CALCULATION   OF   TOTAL  NITROGEN. 

The  factc^rs  used  for  calculating  the  total  nitrogenous  bodies  are  as 
follows : 

For  the  part  insoluble  in  water,  N  x  6.25. 

For  the  part  soluble  in  water  and  precipitated  by  bromin,  !N^  x  C.25. 

For  the  flesh  bases,  !N  x  3.12. 

This  method  is  based  upon  investigations  reported  by  Rideal  and 
Stewart'  last  year. 

These  writers  recall  some  of  the  experiments  made  in  1870,  in  which 
it  was  shown  that  a  current  of  chlorin  g«as,  conducted  through  an 
aqueous  solution  of  proteid  matters,  produces  a  precipitate  which  is 
of  a  quite  constant  composition,  and  one  which  can  be  collected,  dried 
in  vacuo,  and  weighed.  They  describe  particularly  the  use  of  this 
reagent  in  precipitating  gelatin  prepared  from  the  high-grade  com- 
mercial article.  They  show  that  the  total  quantity  of  gelatin  can  be 
accounted  for  from  the  weight  of  the  precipitate  by  multiplying  the 
weight  of  the  precipitate  obtained  by  the  factor  0.78.  The  authors 
also  point  out  the  possibility  of  using  bromin  for  chlorin  for  the  pre- 
cipitation, and  state  that  the  studies  of  the  use  of  bromin  are  under 
way.  They  call  attention  to  the  fact  that  as  early  as  1840  chlorin 
had  been  used  by  Mulder  for  the  precipitation  of  soluble  proteids,  and 
refer  to  a  paper  of  his  published  in  Berzelius'  Jahresbericht,  volume 
19,  page  734,  in  which  he  states  results  on  precipitation  quite  similar  to 
those  secured  by  Kideal  and  Stewart. 

At  the  close  of  their  pa])er  Rideal  and  Stewart  mention  the  work  in 
this  direction  of  De  Vrij,  Ann.  Pharm.  61,  248;  Thenard,  Mem. 
d'Arcueil,  2,  38;  Mulder,  Bulletin  en  Nt*erlande,  1839,  133,  and  Ber- 
zelius' Jahresbericht,  19,  729,  on  the  same  subject. 

Allen  and  Searle,^  acting  on  the  suggestion  of  Rideal  and  Stewart, 
worked  out  the  bromin  method  by  applying  it  to  various  soluble  i)ro- 
teids,  including  the  whole  range  from  albumin  to  peptone.     In  the 


I  The  Analyst,  1897,  22,  228  et  seq.  ^xhe  Analyst,  1897,  22,  258-263. 
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application  of  this  test  to  commercial  gelatin  the  following  process  was 
employed. 

Fifty  grams  of  commercial  gelatin  were  dissolved  in  warm  water  and 
the  solution  diluted  to  half  a  liter.  In  10  oc  of  this  solution,  corre- 
sponding to  1  gram  of  the  gelatin,  the  nitrogen  is  determined  directly 
by  the  Gunniug-Kjeldahl  process.  Another  portion  of  10  cc  is  treated 
with  an  excess  of  bromin  in  the  following  manner. 

The  solution  is  first  brought  to  a  volume  of  100  cc  with  water  and 
X^laced  in  a  conical  beaker  with  a  sufficient  quantity  of  hydrochloric 
acid  to  produce  distinct  acid  reaction.  A  saturated  solution  of  bromin 
water  is  added  in  considerable  excess,  and  the  liquid  stirred  vigorously 
for  some  time.  The  precipitate  which  separates  is  flocculeut  when  first 
formed,  but  becomes  more  viscous  after  stirring  and  adheres  for  the 
most  part  to  the  sides  of  the  beaker,  which,  with  its  contents,  is  allowed 
to  stand  for  about  half  an  hour,  or  until  all  the  precipitate  is  settled. 
The  supernatant  liquor  is  decanted  through  an  asbestus  filter.  The 
precii)itate  adhering  to  the  beaker  is  washed  several  times  with  cold, 
distilled  water  and  the  washings  poured  through  the  filter.  Occasion- 
ally, when  most  of  the  free  bromin  is  washed  out  of  the  precipitate,  the 
liquid  does  not  filter  clear.  It  is  therefore  advisable  to  keep  the  wasli- 
ings  separated  from  the  filtrate,  and,  if  necessary,  wash  with  sodium- 
sulphate  solution  or  with  bromin  water.  The  nitrogen  in  the  precipitate 
is  determined  by  the  Gunning- Kjeldahl  process  as  follows: 

The  precipitate  which  has  been  collected  on  the  asbestus  filter,  together 
with  the  asbestus,  is  returned  to  the  beaker  in  which  the  precipitation 
took  place.  Twenty  cubic  centimeters  of  strong  sulphuric  acid  are 
added,  the  beaker  covered  with  a  watch  glass  and  placed  on  a  wire 
gauze  over  a  lamp.  When  frothing  has  ceased,  about  10  grams  of  pow- 
dered potassium  sulphate  are  added  and  the  liquid  boiled  until  color- 
less. After  cooling  it  is  distilled  with  water  and  the  ammonia  distilled 
off  and  determined  in  the  usual  way.  The  percentage  of  nitrogen  found, 
when  multiplied  by  the  factor  6.3;5,  or  in  the  case  of  gelatin  by  5.5,  gives 
the  amount  of  proteid  matter  precipitated  by  bromin.  In  the  commer- 
cial gelatin  above  mentioned  the  nitrogen  content  was  found  to  be  14.1 
and  14  per  cent,  respectively,  on  two  determinativins.  Solutions  of 
kreatimn,  asparagin.  and  aspartic  acid  were  found  to  yield  no  precipi- 
tates with  bromin,  but  bromin  was  found  to  precipitate  all  albumin, 
acid  albumin,  and  all  peptones  formed  by  the  digestion  of  albumin  with 
pepsinT 

APPLICATION  TO   COTIMEBCIAL,  MEAT  EXTRACTS. 

On  applying  the  bromin  method  to  commercial  meat  extracts  the 
following  results  were  obtained.  The  solutions  of  the  Bovril  prepara- 
tions were  not  previously  filtered,  and  therefore  the  figures  contain  the 
nitrogen  and  the  fiber  present. 
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Nitrogen  in  commercial  meat  extracts. 


I  Nftro^en 
Substance.  |  ^^^^^  j,^  (Kx«.25). 

broniin. 


Per  cent.    Per  eetU. 

Liebig  Company's  extract 1.41  8.92 

Seiiaoued  bovril. 1.94  1  12.28 

Bovril  for  invalids 2.64  '         16.71 

Koeuig  and  Boemer  have  shown  that  the  proteid  nitrogen  in  meat 
extracts  is  f^enerally  much  overestimated.  They  found  a  total  of  1.17 
per  cent  of  proteid  nitrogen  in  the  Liebig  Company's  extract,  which  is 
equivalent  to  7.41  per  cent  of  total  proteids,  mostly  albumose.  The  fact 
that  bromin  completely  precipitates  all  proteid  and  gelatinoid  matters 
in  solution,  affords  a  convenient  means  of  solving  certain  problems  which 
have  hitherto  presented  considerable  difficulty.  For  instance,  in  a  solu- 
tion which  has  been  subjected  to  digestion  it  may  be  possible  to  precipi- 
tate all  the  unchauged  proteids  by  saturation  with  zinc  sulphate.  The 
peptones  which  have  been  formed  during  digestion  remain  in  solution 
and  can  be  separated  by  filtration.  In  the  filtrate  the  peptones  can  be 
completely  precipitated  by  bromin,  and  thus  the  total  quantity  of  these 
bodies  formed  during  digestion  can  be  accurately  determined. 

Allen  and  Searle  applied  this  method  to  an  examination  of  the  Lie- 
big  Company's  extract,  5  grams  of  which  were  dissolved  in  100  cc  of 
water  and  the  solution  saturated  with  zinc  sulphate.  After  filtering, 
bromin  water  was  added  to  the  filtrate  and  a  precipitate  produced  which 
redissolved  on  diluting  with  water  and  the  addition  of  hydrochloric 
acid.  When  the  filtrate  from  the  saturated  zinc  sulphate  was  previ- 
ously diluted  with  water  and  acidulated,  no  precipitate  was  formed 
on  the  addition  of  bromin.  This  reaction  shows  that  no  considerable 
quantities  of  real  peptones  exist  in  Liebig's  extract. 

Since  this  bulletin  was  prepared  for  the  press,  an  extensive  article 
on  the  halogen  derivatives  of  albumin  has  been  published  by  F.  Blum 
and  W.  VaubeP  of  Frankfurt,  Germany. 


1  Ueber  Halogeneiweiflsdorivato,  Journal  Tiir  praktische  Cbemie,  1897,  56,  393-6, 
and  1898,  57,  365-396. 
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LETfER  OF  TRANSMirrAL 


TJ.  S.  Department  of  Ageicultuhe, 

Division  of  Chemistry, 
Washington^  D.  C,  June  21, 1897. 
Sir:  I  have  the  liouorto  submit  for  your  inspection  and  approval 
tlie  accompanying  manuscript  of  the  report  of  the  investigation  of  the 
fertilizing  value  of  street  sweepings,  which  you  authorized  to  be  under- 
taken by  this  division  on  May  26, 1897.  It  is  believed  that  the  informa- 
tion resulting  from  this  investigation  will  be  of  assistance  to  city 
of&cials  who  are  seeking  to  extend  the  use  of  street  sweepings  in  agri- 
culture, and  also  be  of  benefit  to  farmers  and  gardeners  to  whom  such 
materials  may  be  available.  I  recommend  that  this  report  be  published 
as  a  bulletin  of  this  division,  and  that  it  be  circulated  as  an  aid  in 
improving  the  methods  employed  for  the  collection  of  street  sweepings 
and  in  extending  their  use  for  the  maintenance  of  the  productiveness 
of  American  farms  and  gardens. 

Respectfully,  Ervin  E.  Ewell, 

Acting  Chief  of  Division. 
Hon.  James  Wilson, 

Secretary. 
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THE  FERTILIZING  VALUE  OF  STREET  SWEEPINGS. 


DATA  IN  REaAED  TO  THE  QUANTITY  AND   METHODS  OF  DISPOSITION 
OF  STEEET  SWEEPINGS  IN  THE  UNITED  STATES. 

In  {iccordance  with  an  aathorizatiou  of  the  Secretary  of  Agriculture, 
dated  May  26, 1897,  the  Division  of  Chemistry  sent  circular  letters  of 
inquiry  to  the  ofQcials  in  charge  of  street-cleaning  departments  in  the 
354  cities  and  towns  of  the  United  States  having  10,000  or  more  inhab- 
itants. More  or  less  complete  data  in  regard  to  the  disposal  of  the 
street  sweepings  of  204  cities  and  towns  were  thus  obtained.  Esti- 
mates of  the  numl^cr  of  tons  of  sweepings  collected  annually  in  81 
of  these  cities  were  received.  In  compiling  the  data  in  regard  to  dis- 
X^osition,  the  methods  of  disposal  have  been  divided  into  three  classes: 
Utilization  for  fertilization,  utilization  for  filling  low  land,  and  dumping 
wherever  most  convenient  without  any  regard  to  the  possible  value  of 
the  materials. 

In  the  first  class  are  included  all  cities  which  succeed  in  disposing  of 
some  portion  of  their  street  sweepings  for  agricultural  purposes,  includ- 
ing many  cases  in  which  only  a  very  small  percentage  of  the  total 
amount  of  sweepings  is  so  used.  The  second  class  includes  all  cases 
in  which  no  attempt  is  made  to  turn  to  account  the  fertilizing  value 
of  the  material,  but  in  which  some  part  of  the  material  is  used  for  fill- 
ing in  low  land,  for  reclaiming  marsh  land,  etc.  The  third  class  includes 
those  cities  where  the  material  is  dumped  in  streams  or  other  bodies  vt 
water,  or  on  land,  without  any  systematic  attempt  at  utilization. 
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A  snmmary  of  the  data  obtained  is  presented  in  the  following  table, 
in  which  the  figures  for  population  are  taken  from  the  reports  of  the 
Eleventh  Census: 

Data  in  regard  to  iheamonnt  of  street  sweepings  collected  in  the  cities  of  the  United  States, 
and  the  methods  in  use  for  their  disposition. 


Cltiea  reporting— 

CHiee 
which  fur- 
nished no 

report. 

Total  for 
sll  cities 
to  which 
inquir- 
ies were 
sent. 

Use  of 
aireet 
awct'i)- 
)ii«;n  tor 
fertiliza- 
tion. 

15 
17 
13 
10 
5 

Use  of 
street 
swoep- 
ingA  lor 
filling. 

No  sys- 
tem of 
utiliza- 
tion. 

Total. 

Data  in  regard  to  method*  of  dispo- 
sition. 

If  amber  of  cltiea  haying— 

10,000  to  14,999  inhnbitenU 

15,000  to  24,999  inhabi^aiita 

25,000  to  40.009  lubabitaDta 

50,000  to  99,999  Inbabiranto 

100  000  or  more 

21 
20 
10 

4 
10 

32 

19 

6 

8 

0 

71 
5G 
34 
22 
21 

67 
36 
82 

8 

7 

138 
93 
66 
80 
28 

Totalnambor  of  cltiea 

60 

74 

70 

2&4 

ISO 

354 

Per  cent  of  total  number  of  cities  to 
which  ino uiriea  wore  aent. ......... 

16.95 

2,949.569 

16.02 

49.109 

26.90 

5.157,764 

29.58 

6i.7P0 

19.77 

3,887,183 

22.29 

55,531 

57.63 

11,994,515 

6&79 

58,796 

42.38 

5,442.882 

81.21 

86.289 

100 

Urban  population  repreaented: 

Knmber  of  inbabiUnta 

17,437,897 

Percent  of  total  population  of  the 
354citiea 

100 

Areraee  population  of  the  cltiea  of 
thiifliflbrentinrooDa 

49.2S8 

Data  in  refrd  to  tht  qwntitif  i^ strut 

Number  of  cltiea  reporting  tonnapre, 
dlTided  aoconllng  to  mothod  of  dia- 
position : 
17amber  of  cities  haring— 

10,000  to  14,999inbfLb{tanU... 
15,000  to  74,900  inhabitants. . . 
25,000  to  49,909  inhabitanta. .. 
50,000  to  00,999  inhabitants. . . 
100,000  or  more 

7 
11 
6 

4 
3 

8 

4 
1 
2 

4 

21 
29 
16 
9 
13 

117 
76 
50 
21 
15 

138 
92 
06 
30 
28 

Totalnnmber  of  cities 

31 

31 

19 

81 

273 

854 

Per  cent  of  the  total  number  of  cities 
to  which  inquiriea  were  aent 

Number  of  inhabitanta 

Per  cent  of  the  toUl  population 
of  the  354  cltiea 

8.76 

1, 672, 750 

9.50 

53,060 

174, 931 

104.6 

8.78 

3,459,028 

10.84 

111.581 

673,701 

194.8 

5.36 

1,173,542 

6.73 

61,765 

216,235 

184.3 

22.88 
6,305,320 

36.16 

77,843 

1,064,957 

168.9 

77.12 

11,132,077 

63.84 

40,777 

ICO 

17,437,397 
100 

Averaire  population  of  the  cltiea  of 
the  different  groups 

49.258 

Total  number  of  tone  collected  annu- 

Number  of  tons  collected  snnually. 
per  1,000  inhabitants 

From  an  examination  of  these  data  it  appears  that  G8.79  per  cent  of 
the  people  in  the  United  States  living  in  nrban  communities  having 
10,000  or  more  inhabitants  were  represented  in  the  reports  in  regard  to 
the  disposal  of  street  sweepings,  while  no  reports  were  received  from 
cities  representing  31.21  per  cent  of  our  urban  population.  Of  the  354 
cities  to  whom  inquiries  were  sent  57.62  per  cent  reported  methods  of 
disposition,  showing  that  among  the  cities  reporting  there  was  a  pre- 
ponderance of  those  above  the  average  size.    This  is  also  apparent 
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from  the  figares  given  in  tlio  table  for  tbe  average  population  of  tbe 
cities  in  tbe  different  groups. 

By  tbe  reports  received  it  is  sbown  tbat  tbe  cities  containing  16«Q2 
per  cent  of  our  urban  population  make  more  or  less  effort  to  utilize  tbe 
fertilizing  value  of  tbeir  sweepings.  If  tlie  same  proportion  prevails  in 
tbe  case  of  tbe  cities  from  wbicb  no  reports  were  received  tbis  figure 
should  be  increased  to  24.6  i>er  cent.  In  general  terms  it  may  be  stated 
tbat  tbe  cities  representing  onefourtb  of  tbe  urban  population  of  t}ie 
country  make  an  effort  to  utilize  the  fertilizing  value  of  some  portion 
of  tbeir  street  sweepings. 

Tbe  data  reported  in  regard  to  the  quantity  of  street  sweepings  col- 
lected annually  were  still  less  complete  than  the  data  in  regard  to 
methods  of  disposition ;  only  3G.1G  i>er  cent  of  our  urban  population  was 
^pi*esented  in  the  re]>orts  in  regard  to  tbe  quantity  of  street  sweepings 
eollected  annually.  For  the  cities  reporting,  tbe  average  quantity  col- 
lected annually  is  16S.0  tons  per  1,000  inhabitants.  Assuming  tbis  to 
be  a  true  average  for  all  of  the  cities  of  the  United  States,  the  total 
quantity  of  street  sweepings  annually  collected  may  be  estimated  at 
not  far  from  3,000,000  tons. 

The  data  eontained  in  the  reports  relating  to  the  cost  of  street  clean- 
ing in  tbe  vaiious  cities  of  the  country  were  not  sufficiently  complete 
and  satis&ctory  to  justify  their  tabulation.  In  many  cities  the  amount 
of  money  used  for  tbis  purpose  can  not  be  separated  from  amoanta 
used  for  other  purposes.  In  other  cases  mere  estimates  were  given  for 
the  cost  per  ton.  The  dearth  of  records  of  this  sort  in  many  cities 
senders  the  compiling  of  data  imx>ossible,  and  in  many  other  cases  it  is 
extremely  difficult  to  obtain  complete  statistical  data  without  sending 
an  ag«it  to  each  city.  While  tbis  would  be  very  expensive  in  connec- 
tion with  an  investigation  of  this  kind,  it  might  be  very  economically 
and  satisfactorily  done  in  connection  with  our  regular  census  enumera- 
tion. It  was  necessary  to  send  a  second  request  to  many  of  the  cities 
before  some  of  the  data  which  we  have  presented  were  obtained.  As 
appears  from  tbe  table  nearly  one  third  of  the  cities  did  not  resi>ond 
to  either  inquiry. 

CIRCUMSTANCES    WHICH    DSXERHINB   THE    FEBTILIZINO    VALUE    OP 

STREET  SWEEPINGS. 

The  fertilizing  value  of  street  sweepings  varies  greatly  with  the 
jnature  of  tbe  pavements^  being  practically  nothing  in  the  case  of 
material  taken  from  macadamized  roads,  and  approaching  that  of  good 
stable  manure  in  the  case  of  tbat  collected  on  the  hand-swept  and  well- 
paved  streets  of  crowded  cities.  The  regulations  in  different  cities 
governing  the  nature  of  substances  which  may  be  thrown  into  tbe 
alleys  and  streets,  and  thus  find  their  way  into  the  material  collected 
by  the  sweepers,  vary  so  greatly  that  there  is  consequently  a  corre- 
sponding difi'erence  in  the  cost  of  sorting  and  preiwiring  the  material 
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for  spreading  on  tlie  laud.  It  is  believed  tLat  the  rapidly  increasing 
sentiment  in  favor  of  the  carefal  separation  and  systematic  utilization 
of  all  forms  of  city  wastes  will  tend  to  remove  this  difficulty  and  thus 
increase  the  value  of  sweepings,  particularly  of  those  collected  in 
alleys,  where  the  percentage  of  miscellaneous  rubbish  is  now  often 
very  gi^eat. 

In  autumn  the  quantity  and,  in  many  cases,  the  quality  of  the  street 
cleaner's  product  is  greatly  increased  by  the  falling  leaves. 

ANALYSES  OF  STREET  AND  ALLEY  SWEEPINGS. 

The  range  of  composition  of  the  sweepings  collected  by  various 
methods  on  well  paved  streets  and  alleys  at  different  seasons  of  the 
year  is  quite  well  exhibited  in  the  following  table  of  analyses  of  typical 
samples  of  sweepings  collected  on  the  streets  of  Washington,  D.  C. 
The  analyses  were  made  in  the  laboratory  of  this  Division ;  the  nitrogen 
determinations,  by  Mr.  T.  0.  Trescot;  the  potash  determinations,  by  Mr. 
George  E.  Patrick;  and  the  determinations  of  moisture,  ash,  and  phos- 
phoric acid,  by  Mr.  C.  0.  Moore.  The  determination  of  the  phosphoric 
acid  and  potash  contained  in  the  organic  part  of  street  sweepings, 
without  including  that  contained  in  the  soil  which  is  mixed  with  them, 
is  not  a  simple  problem.  For  the  determination  of  phosplioric  acid 
the  method  of  the  Association  of  Official  Agricultural  Chemists  was 
used,  the  solution  being  prepared  according  to  method  A^  (see  p.  12  of 
Bulletin 40  of  this  Division);  for  the  potash  determinations  the  official 
method  was  followed,  with  the  exception  of  the  omission  of  the  sul- 
phuric acid  used  in  burning  off  the  organic  matter;  the  official 
Kjeldahl  method  was  used  for  the  determination  of  nitrogen. 


Analyses  of  street  and  alley  sweepings,  etc,  collected  in  Washington,  D.  C 
(Analytical  data  are  stated  in  porcenta^^es  of  the  original  material  in  ita  moiut  condition.) 


Serial 
No. 


Dates  on 
which 

samples 
were 
taken. 


Description  of  samples. 


faCg 


17014 


17015 


17010 
17019 


1898. 
Feb.     8 


Feb.     8 


Feb.     8 
Feb.  11 


Sweepings  collected  by  hand  on  Pennsyl- 
yaiiia  avenue  (asphalt  pavement)  and 
sold  to  a  Virginia  larraer  for  23  cents  per 
2-horse  load.  The  sample  was  taken  from 
a  pile  which  had  lain  on  the  damp  at 
Twenty-first  and  B  streets  SW.  for  not 
more  than  2  days 

Machine-collected  sweepings,  which  were 
practically  all  leaves,  taken  from  The 
streets  in  various  parts  of  the  city  in  the 
autumn  of  1897.  The  sample  was  taken 
from  the  undecayed,  dry  leaves  on  the  sur- 
face of  a  pile  on  the  dump  at  Twenty-first 
and  B  streets  S  W.  The  analysis  was  made 
of  the  air-dry  material 

The  same  as  No.  17015,  except  that  the  sample 
was  taken  from  the  wet,  interior,  decayed 
part  of  the  pile 

Street  sweeplngA  taken  from  stone-block 
pavement  on  Fourteenth  street,  hetwocn 
B  and  C  streeU  SW.  First  cleaning  aftx>r 
the  melting  of  the  snow.  Street  was  very 
dirty.....' 


P.et. 


P.et. 


P.et. 


P.et, 


0.38 


1.18 
.32 


.27 


P.et. 


P.et, 
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Analyses  of  street  and  alley  sweepings,  etc,  collected  in  Washington,  D,  C, — Continued. 


Serial 
No. 


Patefton 
which 

samples 
were 
taken. 


DiMoription  of  samples. 


5^ 


f 


17020 

now 

17214 
17215 

17216 

17218 

17210 
17280 

17221 
17222 

17223 

17224 

1722S 
17226 
17227 


1806. 
Feb.  li 


Feb.  23 

Mny  13 
May  13 

Hay  13 

May  14 

Hay  14 

Hay  14 

Hoy  14 
Hay  14 

Hay  14 
Hay  14 

Hay  14 

Hay  14 
Hay  14 


Street  SM'eepings  taken  IVom  aRphalt  paye- 
ment  on  B  street  S W..  between  Thlrteen- 
and-a-bair  and  Fourteenth  streets  SW. 
First  cleaning  after  the  melting  of  the 
snov.    Street  was  very  dirty 

Taken  from  stone-block  pavement  on  B 
Rtreet  NW.,  between  Fourteenth  and 
Fifteenth  streets  NW.,  where  snow,  taken 
from  other  parts  of  the  city,  had  been 
damped  and  allowed  to  melt 

Street  sweepings  from  the  dump  at  Fif- 
teenth and  C  streets  SW.  The  sample 
was  a  composite  one,  made  from  several 
piles,  which  were  6  to  8  months  old 

Street  sweepings  from  the  dump  at  Fif- 
teenth and  C  streets  SW.  The  sample 
was  taken  fcom  a  pile  which  was  largely 
composed  of  leaves,  which  had  lain  on  the 
dumpfor6to8montli8 

Street  sweepings  from  the  dump  at  Fif- 
teenth and  C  streets  SW.  The  sample 
was  taken  ttom  a  pile  which  waa  mostly 
manure,  and  which  had  lain  on  the  dump 
for  6  to  8  months 

Hachine-coUected  sweepings,  taken  from 
the  dump  at  Twenty -nrst  and  B  streets 
S  W.  The  material  had  lain  on  the  damp 
but  a  few  days.  It  contained  a  very  large 
proportion  of  sand 

The  same  as  Ko.  17218,  except  that  the  ma- 
terial appeared  to  consist  principally  of 
manare 

Fresh,  hand-swept  sweepings  (from  asphalt 
pavement)  taken  from  the  dump  at 
Twenty-first  and  B  streets  SW.  The  ma- 
terial was  largely  composed  of  manure  . . . . 

Haterial  firom^' sewer  drops,"  taken  from 
the  dump  at  Twenty -first  andBstrcetsSW. 

Of  the  same  oriffln  as  No.  17221,  bot  the  ma- 
terial had  a  decidedly  difi^rent  appear- 
ance (nearly  all  sand) 

Alley  sweepings.  3  to  4  weeks  old,  taken  at 
the  dump  at  Ualf  street  S£.,  between  N 
and  O  streets.  A  large  percentage  of 
coarse  rubbish  was  separated  from  tho 
sample  before  it  was  prepared  for  analysis . . 

Doca3*ed  street  sweepings,  taken  from  the 
face  of  the  bln»T  at  the  dump  at  Twenty- 
fourth  and  N  streets  NW.  A  composite 
cample  made  up  of  portions  taken  from 
several  parts  of  the  anmp 

The  same  as  No.  17224,  except  tliat  the  sam- 
ple was  taken  from  a  single  place,  which 
appeared  to  be  especially  lirh 

Tlie  same  as  No.  1722U,  except  Ihnt  the  ma- 
terial had  lain  on  the  dump  for  2  to  4 
weeks 

A  aarople  of  fish  refuse,  taken  from  the  dump 
atHalf  streetSK.,bet\veenNand  Ostrcets. . 
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There  seems  to  be  a  dearth  of  recent  literature  on  the  subject  of  the 
fertilizing  value  of  street  sweepings,  J.  n.  Yogel  published  two  short 
papers^  on  this  subject,  in  which  ho  included  an  analysis  of  sweepings 

iMitteilaogen  dor  deutsohen  Laudwirtscbafts-Gcsellschaft,  1892,  7,  8^90,  and 
Deutsche  land wirtscbaitliche  Presso,  1892,  19,  105G;  Kxperimout  Station  Kecord,  4, 
222  and  518. 
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taken  from  tlie  aspb alt-paved  streets  of  Berlin.    This  material  had  the 
following  composition: 

Per  cent. 

MoiBtnro.... 39.89 

Aali 37.67 

Organic  matter 22.44 

Total  nitrogen --.      .479 

Ammoniaoal  nitrogen 004 

Total  phosplioric  acid  (PaOe) 452 

Potash  (K2O) 370 

Lime(CaO) 1.891 

Magnesia 347 

A  sample  representing  the  accamnlation  for  foar  weeks  of  the 
sweepings  from  one  of  the  streets  of  Trenton,  K  J.,  was  analyzed  in 
the  laboratory  of  the  Agricaltural  Experiment  Station  of  that  State, 
with  the  following  results :  ^ 

Per  cent 

Nitrogen 0.18 

Phosphoric  acid  (PaOt) SO 

Potash  (K2O) 19 

The  station  valued  this  material  at  90  cents  per  ton. 

FIELD  TESTS  OF  THE    FERTILIZING  VALUE    OF  STEEET  SWEEPINGS. 

Wo  have  endeavored  to  supplement  the  analytical  data  just  pre- 
sented with  the  results  of  practical  tests  made  by  farmers  to  determine 
the  value  of  street  sweepings  as  a  source  of  plant  food  for  field  and 
garden  crops,  and  as  a  source  of  the  humus  which  is  so  necessary  to  a 
good  mechanical  condition  of  many  soils.  Inquiries  sent  to  farmers  and 
gardeners,  whose  addresses  were  furnished  by  the  officials  in  charge  of 
the  street-cleaning  departments  in  various  parts  of  the  country,  brought 
a  number  of  letters  containing  much  information  on  the  subject,  and, 
as  the  following  quotations  will  show,  convincing  evidence  that  well- 
selected  and  judiciously  used  street  sweepings  possess  considerable 
manurial  value.  The  letters  describe  some  of  the  more  successful 
methods  in  use  for  the  treatment  of  street  sweepings  and  for  applying- 
them  to  the  soil.  It  will  be  noted  that  of  sixteen  letters  only  four  report 
unfavorable  results. 

XXTRACTS  FROM  LETTERS  FROM  FARMERS  AXD  GARDENERS  WHO  HAVE  USED  Sl'RKET 
SWEEPINGS  FOR  TUB  FERTILIZATION  OF  FIELD  AND  GARDEN  CROPS. 

Atlanta,  Ga.,  September  7,  ISO?, 
I  have  used  street  sweepings  from  Atlanta  on  my  little  farm  with  very  good  resalta. 
I  find  a  ton  of  tliese  sweepings  equal  to  about  half  ton  of  housed  stable  manure  of 
about  two-thirds  cow  and  one-third  horse  manuroi  provided  the  sweepings  are  gath- 
ered in  the  spring,  faU,  and  winter  months  from  clean  pavements.  The  sweepings 
gathered  in  the  hot  summer  months,  talcen  from  hot  pavements  with  a  hot  sun,  lose 
their  fertile  qualities  in  a  great  degree.  As  to  garbage  and  sewage,  I  never  used  any 
as  fertilizer,  except  when  small  quantities  of  garbage  would  got  mixed  with  the 

*  Report  of  the  New  Jersey  Agricultural  Experiment  Station  for  1895|  page  92; 
Experiment  Station  Record^  8,  877. 
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Bweeplxigs.  I  Iiavo  used  the  8 weepings  for  three  years,  for  corD,  oats,  wheat,  rye, 
and  potatoes,  broadcasting  ahont  twenty  tons  to  the  acre  on  semiclay  and  sandy 
lands.  My  lands  have  been  greatly  improved,  more  than  doubling  their  yield.  On 
a  large  proportion  of  my  land  I  follow  the  wheat,  rye,  and  oats  with  a  second  crop 
(of  com)  the  same  season,  without  additional  fertilizer.     *     •     • 

The  cost  will  approximate  about  75  cents  per  ton.    I  have  no  trouble  with  tin 
cans,  and  not  much  with  paper  or  other  rubbish. 

J.  L.  McCOLLUM. 


New  Haven,  Coxn.,  Sejytember  7,  IS07. 
ITave  nscd  street  swcopings,  with  fair  results,  as  a  fertilizer. 

A.  N.  Farniiam. 


Atlanta,  Ga.,  Scjytember  8, 1807, 

I  have  had  experience  only  with  istrcot  sweepings  which  comprise  almost  exclu- 
sively the  droppings  of  horses  on  the  streets  of  Atlanta  paved  with  asphalt  and 
Belgian  blocks.  I  first  used  a  half  carload,  or,  in  other  words,  twelve  2-hor8e  wagon 
loads  of  street  sweepings,  on  about  an  acre  and  a  third  (nine  loads  per  acre),  at  my 
place  near  Marietta,  20  miles  above  this  city.  The  remainder  of  the  5-acre  tract, 
-with  this  acre  and  a  third,  was  planted  in  corn.  In  October  I  gathered  four  and  a 
half  2-horBe  loads  of  com— in  other  words,  about  45  bushels  on  the  acre  and  a 
third;  and  the  other  three  and'  two-thirds  acres  only  produced  three  and  a  half 
wagon  loads — in  other  words,  the  very  small  yield  of  35  bushels.  It  is  fair  to  state, 
however,  that  the  acre  and  a  third  had  been  planted  in  pease  the  year  before, 
whereas  the  three  and  two-thirds  acres  had  been  left  in  Bermuda  grass,  which  had 
been  its  condition  for  some  years.  There  was  nothing  more  than  a  general  lesson 
taught  by  that  experience. 

Last  fall,  however,  I  broadcast  the  street  sweepings  at  the  rate  of  about  thirty  or 
more  2-horse  wagon  loads  to  the  acre  and  planted  the  laud  in  winter  grazing  oats. 
On  a  portion  of  the  same  tract  immediately  adjoining  this  I  placed  no  street  sweep- 
ings at  all,  although  I  had  pease  planted  on  the  land  lost  year.  When  I  thrashed  my 
oats,  early  in  June,  the  tract  upon  which  the  street  sweepings  had  been  broadcast 
produced  within  a  slight  fraction  of  50  bushels  per  acre,  whereas  on  that  which  had 
no  street  sweepings  I  produced  only  7  bushels  per  acre — on  overwhelming  proof  of 
tli6  value  of  street  sweepings  as  a  fertilizer. 

I  also  liave  a  lot  of  corn  this  year,  fertilized  with  street  sweepings,  which  has 
llfCii  described  by  a  number  of  competent  witnesses  as  the  finest  upland  com  they 
lu^yc  over  seen.  It  is  proper,  however,  to  say  that,  in  addition  to  broadcasting  50  or 
more  loads  of  street  sweepings  ]>er  acre  on  this  com  land,  I  also  last  December 
plowed  the  land  with  a  turning  plow,  which  went  down  about  11  inches,  and  fol- 
lowed this  with  a  scooter  6  inches  broad  as  ik  subsoil  plow,  which  went  an  average 
of  7  inches  deeper,  thus  making  the  average  depth  of  the  plowing  18  inches.  I 
believe  that  this  very  deep  plowing  helped  the  corn  as  much  as  any  other  factor  by 
reason  of  the  storing  up  of  moisture  during  the  winter,  upon  which  the  corn  plant 
fed  during  the  spring  drought  of  forty -three  days,  within  which  x>eriod  the  corn  of 
avery  neighbor  I  have  turned  yellow,  while  mine  maintained  a  dark,  green,  healthy 
color. 

I  also  fertilized  a  piece  of  ground  liberally  with  street  sweepings  and  planted  it 
in  sorghum  millet,  and  have  what  is  estimated  a  phenomenal  yield. 

Furthermore,  I  broadcast  the  street  sweepings  heavily,  and  after  plowing  in  I 
broadcast  pease,  and  have  the  statement  of  the  State  commissioner  of  agriculture, 
Col.  R.  T.  Nesbitt,  that  it  is  the  finest  crop  of  pease  he  has  ever  seen  in  Georgia.  They 
are  very  thick,  and  will  average  30  inches  or  more  in  height. 

The  fairest  test,  however,  was  that  of  the  oats  shown  in  the  early  part  of  this  letter. 

These  materials  cost  me  no  more  than  40  cents  per  ton. 
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I  IiaTo  had  but  littlo  trouble  with  tin  cans  and  other  rnbbieh  mixed  with  the  mate- 
rial. Paper  I  regard  as  an  advantage,  because,  like  oak  leaves,  it  serves  to  retain 
the  moisture  in  the  ground.    I  have  never  used  garbage  ashes  or  garbage  tankage. 

Jos.  M.  Brown. 


MUNCIE,  IND,  September  10,  1897. 

I  have  used  the  street  scrapings  from  the  paved  streets  of  Muncie  for  two  years. 
There  are  47  squares,  or  about  15,000  feet  (linear),  of  paved  (sheet  asphalt)  streets, 
and  we  collected  from  1^  to  2  tons  per  day  of  scrapings.  About  one-half  of  the 
scrapings  was  scattered  direct  upon  the  land ;  the  other  dumped  off  in  a  large  pile — ^it 
docs  not  heat  or  fire-fang.  Most  of  that  scattered  direct  was  upon  an  old  timothy 
sod,  thin  clay  land,  and  shows  no  decided  results  on  the  present  crop  of  corn,  owing 
to  the  extremely  dry  season.  That  portion  that  was  dumped  into  a  heap  I  found 
rotted  much  quicker  and  more  thoroughly  than  stable  manure  with  bedding  in  it. 
I  have  used  the  rotted  sweepings  upon  clay  ground  for  late  cabbage  and  sweet  cofti, 
and  upon  black  loam  (no  sand)  for  onions  and  melons. 

We  put  on  a  heavy  coat  (3  to  6  inches)  before  plowing,  then  thoroughly  worked  it 
through  with  a  spring-tooth  harrow. 

The  result  was  a  rank  growth  of  both  cabbage  and  com.  Many  a  head  of  cab- 
bage was  as  large  as  a  half-bushel  measure,  but  soft.  None  of  the  cabbage  hardened 
up  as  it  should.  The  com  did  not  oar  well.  For  (Tnions  and  melons  it  did  better 
than  for  the  other  crops. 

I  used  no  other  fertilizer. 

The  cost  of  the  manure  was  the  expense  of  keeping  the  team  and  wagons.  The 
city  paid  for  driver.    Paper  and  anything  that  would  rot  we  put  on  the  ground. 

Tin  cans,  stones,  brickbats,  wire,  and  barrel  staves  were  our  worst  nuisances,  and 
were  separated  as  loaded  and  unloaded. 

Stanley  Hathaway. 


Sedalia,  Mo.,  September  9, 1897. 
I  h<ave  had  some  experience  in  regard  to  the  value  of  the  various  kinds  of  offal 
that  accumulate  and  have  to  be  taken  from  cities.  I  have  been  in  the  business  for 
about  fourteen  years,  and  own  a  small  piece  of  ground  about  4  miles  from  the  city. 
Street  sweepings  I  regard  as  worth  nothing,  from  the  fact  that  it  is  tramped  and 
ground  until  it  is  lifeless  before  it  is  put  upon  the  ground  where  it  can  be  plowedt 
under.  It  will  do  to  fill  holes  or  ditches,  the  same  as  straw,  and  that  is  all.  Tie 
garbage  from  alleys  is  worth  a  great  deal  more,  such  as  falls  behind  restaurants, 
hotels,  saloons,  stables;  all  are  good  fertilizers.  Tin  cans  or  old  bone  are  goo<l  for 
orchards  or  grapevines  or  other  fruits,  such  as  berries.  Dead  animals,  no  matter 
what  kind,  should  be  buried  just  a  few  inches  deep,  so  they  do  not  dry  up  too 
quickly  and  give  the  earth  a  chance  to  absorb  the  fertilizing  substances  of  the  car- 
cass. Horses,  mules,  cows,  or  any  large  animal  should  be  cut  in  pieces  and  not 
placed  in  one  pit.  These  are  good  for  land  that  is  not  yet  worn  out.  Bat  if  I 
wanted  to  redeem  a  piece  of  ground  that  is  considered  worn  entirely  out  and  make 
a  garden  of  it,  give  me  that  which  comes  from  cleaning  privies.  Cover  the  ground 
with  the  material  and  then  subsoil  it;  then  repeat  the  same  next  year.  By  the 
third  year  your  ground  will  raise  potatoes,  onions,  beets,  radishes,  beans  of  any  kind, 
tomatoes,  com,  and  such,  as  any  huckster  or  farmer  would  wish  to  raise.  It  should 
be  remembered  that  subsoiling  is  one  of  the  main  things  in  all  cases  where  fertilizers 
of  this  kind  arc  used.  The  offal  from  chioken  houses  where  chickens  are  dressed  or 
from  slaughterhouses  is  excellent,  but  the  ground  must  be  subsoiled. 

W.  L.  Mitchell.  ., 
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BiDDEFORD,  Mk.,  September  S9, 1897, 
As  to  tho  fertilizing  valae  of  street  eweepingB,  I  have  to  saj  that  I  have  used  sach 
materials  bat  one  season  on  old  groimd,  with  small  results.    Cost  of  material,  that 
of  hanling  aad  applying,  as  the  city  has  famished  same  free  to  all  who  wish. 

jKRE^iLH  G.  Shaw. 


Arnolds  Mills,  R.  I.,  September  16, 1897, 
I  nm  at  the  Binmond  Jlill  Reservoir  farm  of  the  Paw  tucket  Waterworks,  consist- 
ing of  about  500  acres  of  land.  I  have  used  street  sweepings  for  four  years  and  find 
them  better  than  stable  or  horse  manure,  for  the  reason  that  they  coutain  no  straw 
and  axe  ready  for  use  at  any  time.  The  sweepings  I  get  cost  uothiug  except  cartage 
from  Pawtuckct.  When  the  city  sells  any  the  price  is  $2  per  cord.  I  have  used 
sweepings  for  corn  and  raised  90  bushels  per  acre.  The  first  year  I  put  on  8  cords 
to  the  acre^  scattered  broadcast  and  plowed  in.  The  yield  was  60  bushels  per  acre. 
Th^  aeasoa  was  not  a  good  one  for  corn.  I  have  used  sweepings  for  oats  for  fodder 
and  obtained  4  tons  per  acre. 

I  nae  20  oords  a  year  for  grass.  The  material  should  be  plowed  in,  as  it  dries  when 
spread  on  the  surface.  The  yield  of  grass  was  2  to  3  tons  per  acre.  This  manure  is 
swept  up  with  a  hand  broom,  so  there  are  no  tin  cans  or  rubbish  iu  it.  I  do  not  use 
any  other  fertilizer  besides  the  sweepings,  and  have  no  trouble  in  raising  any  crop 
I  wish. 

6am  UKL  Darling. 


<{20  K  Strket,  Sacramrxto,  Cal.,  October  1, 1897, 
I  am  now  putting  on  my  land  thd  sweepings  of  the  asphalt  streets  of  Sacramento, 
which  gives  me  about  three  large  2-hor6e  loads  per  day.  The  contractor  dumps 
it  in  a  certain  place,  and  I  give  him  ^  per  month  for  it.  There  is  no  straw  in  it, 
very  little  paper,  and  no  tin  cans  or  rubbish,  as  another  contraetor  picks  up  the  rub- 
bish, ashes,  cans,  straw,  weeds,  bottles,  shoes,  etc.,  and  deposits  them  in  another 
place.  I  have  a  good  deal  of  faith  in  sweepings,  as  they  seem  to  be  in  a  proper  con- 
dition for  the  roots  to  take  hold  of.  I  put  the  sweepings  direct  on  the  hop  hills, 
wUhout  Airther  pulverizing  or  working  over.  Some  tell  me  I  should  compost  them 
byi  working  over  and  wotting  them,  as  we  have  no  summer  showers  in  this  section, 
oQ^c  rainy  season  beginning  iu  October.  As  wo  have,  off  and  on,  four  or  five  mouths 
of 'rainy  weather,  and  in  January  and  February  I  begin  to  plow  the  hops,  I  thought 
iftrsrould'get  in  good  condition  for  plant  use  without  working  aud  wetting. 

Our  white  labor  costs  about  $1  a  day  and  board.    Japanese  or  Chinese,  80  or  90 
cents,  without  board.    I  put  4  and  5  large  shovelfuls  to  each  hill,  and  after  going 
over  all  the  hills,  if  there  is  a  surplus,  I  shall  put  some  between  the  hills. 
As  this  is  my  first  year  with  the  sweepings,  I  can  not  re]>ort  any  results. 

Daniel  Flint. 


FiNDijiY,  Ohio,  October  33, 1897, 
Street  sweepings  cost  mo  15  cents  per  load.    I  use  them  without  preliminary  treat- 
ment for  garden  crops,  and  cousidcr  thorn  very  valuable. 

M.  M.  Lowx,  M.  D, 


Savannah,  Ga.,  November  9, 1897, 

Street  sweepings,  if  put  together  and  allowod  to  ferment  and  ripen,  form  a  capital 

top  dressing  for  truck  gardens,  etc. 

J.  C.  Le  Hardy. 
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Highland  Park,  Pittsburg,  Pa.,  Xovemlfer  2S,  1897. 

I  have  been  using  street  sweepings  in  the  park  for  a  period  of  three  years  and  I 
find  it  an  excellent  fertilizer.  It  has  given  good  satisfaction  so  far  as  we  have  tried 
it.  The  soil  in  the  pork  is  of  a  clayey  nature,  and  I  get  the  best  results  from  apply- 
ing about  4  to  6  inches,  owing  to  the  quality  of  the  soil,  then  cultivating,  rolling, 
etc.,  before  sowing  the  lawn  seed.  With  the  above  treatment  our  lawns  stand  the 
drought,  give  a  rich,  green  color,  and  are  very  pretty.  I  have  not  used  the  street 
dirt  in  connection  with  any  crop  other  than  the  making  of  lawns.  As  to  the  cost, 
the  hauling  from  the  freight  station  is  the  only  expense  we  have.  It  costs  us  about 
50  cents  per  cubic  yard. 

As  to  the  rubbish,  there  are  some  tin  cans  and  other  materials  mixed  through  it, 
but  it  is  a  small  percentage. 

Geo.  W.  Burke. 


Box  463,  Pullman,  III.,  November  £9, 1S97. 
1  had  some  experience  thirty-five  years  since  in  using  street  sweepings  'for  a  ferti- 
lizer from  the  city  of  New  York,  35  miles  distant,  brought  to  the  farm  by  sailboat, 
bat  found  the  material  too  bulky  for  the  amount  of  fertilizing  matter  contained  to 
pay  for  transportation  and  handling  for  use  in  growing  vegetables  and  the  ordinary 
farm  crops  and  nursery'stock. 

U.  B.  Hamcb. 


Marshalsea,  Pa.,  December  6, 1897, 
We  have  used  street  sweepings  for  four  years  and  find  it  a  fine  fertilizer.  In  fact, 
we  use  no  other  kind.  We  have  one  22-acre  field,  high  ground;  this  field  was  only 
a  briar  patch ;  would  raise  nothing.  After  giving  it  a  coat  of  street  sweepings  it 
produced  a  fine  crop  of  oats,  45  bushels  per  acre,  and  a  very  heavy  crop  of  English 
clover.  A  part  of  this  field  was  not  fertilized  with  street  sweepings.  The  part  not 
fertilized  produced  two-thirds  less  than  that  part  of  the  field  fertilized.  Cost  of 
street  sweepings,  $6  per  car  freight,  the  street  department  of  the  city  loading  car 
and  the  insane  labor  at  the  farm  unloadi ng.  We  find  some  tin  cans  and  other  rubbish, 
but  this  is  taken  out  when  unloading  car,  at  a  trifling  cost. 

Geo.  Likdermajk. 


Lynchburg,  Va.,  December  IS,  189% 

I  have  used  street  sweepings,  and  I  think  they  are  worth  to  a  farmer  about  iftf^" 

thirds  as  much  as  any  stable  or  cow-pen  manure  where  straw  bedding  is  need.    Yhe 

cost  of  the  same  depends  on  how  far  they  are  to  be  hauled.    I  never  investigated 

the  cost,  and  used  them  in  top  dressing  for  grapes,  which  I  think  gave  fine  results. 

L.  P.  LUCADO. 


Norfolk,  Va.,  December  18, 1897, 
I  have  been  using  street  sweepings  for  several  years  with  much  satisfaction  ttid 
profit  on  spinach,  cabbage  [compare  with  letter  from  Mr.  Hathaway,  of  Mnncie, 
Ind.,  given  above. — £.  E.  E.],  kale  and  potatoes.  I  haul  the  material  on  my  farm 
near  where  I  purpose  using  it,  putting  300  or  400  loads  in  a  heap.  I  then  fork  or 
shovel  it  over,  separating  the  bricks,  tin  cans,  paper,  and  other  rubbish  as  thor- 
oughly as  I  can  (a  coarse  screen  would  be  better).  For  spinach,  I  use  it  broadcast 
at  the  rate  of  700  bushels  per  acre;  for  cabbage,  I  drill  it  at  the  rate  of  500  bushels 
per  acre,  and  ridge  the  land;  for  potatoes,  I  think  it  better  to  broadcast,  as  for 
spinach  and  kale.    I  use  from  2,500  to  3,500  carloads  of  25  bushels  each,  and  have 
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been  using  it  for  tlio  last  ten  or  twelve  years.  I  use,  in  addition,  about  1,000  car- 
loads of  stable  manure,  and  as  a  rule  300  tons  of  commercial  fertilizer.  The  street 
sweepings  cost  me  20  cents  a  carload  at  the  dump.  The  effect  on  the  land  where 
street  sweepings  are  used  is  much  more  lasting  than  where  stable  manure  is  used. 
On  "gaily"  places,  that  will  not  grow  crops,  such  a  dressing  as  I  have  named  makes 
them  produce  good  crops. 

Tiios.  R.  Bai.lentixe. 


Pittsburg,  Pa.,  Dccemher  IS,  1S97, 
Wo  use  street  sweepings  very  largely  in  our  parks  and  with  excellent  results. 
We  get  the  sweepings  and  dump  them  in  a  pile,  like  a  manure  heap,  3  to  5  feet  deep, 
driving  over  it  with  the  wagons,  then  squaring  it  up,  leaving  it  sagging  a  little  on 
top  to  catch  water.  It  is  left  in  this  way  for  at  least  a  year,  or  maybe  two  years, 
turned  once  if  we  have  time,  and  then  used  as  a  top  dressing  on  lawns,  say  one-fourth 
inch  thick,  or  to  mix  in  with  soil  in  breaking  up  land,  when  we  use  it  1  to  2}  inches 
deep.  It  is  powerful  and  quick  in  its  action,  and  gives  a  capital  growth  of  grass, 
and  its  effect  is  more  lasting  than  that  of  artificial  manures. 

To  use  it  fresh  is  dangerous,  that  is,  if  a  heavy  dressing  is  given,  and  a  thin 
dressing  is  of  little  use.  To  bo  of  any  practical  benefit,  it  should  be  well  rotted  and 
well  wetted,  either  by  rain  or  artificial  watering  from  the  first f  if  stacked  dry,  it 
'^  burns.''    When  well  rotted,  it  forms  a  black  mass  of  humus. 

We  have  195  carloads  of  street  sweepings  in  one  pile  now,  all  unloaded  there  this 
summer;  while  we  were  getting  them  we  got  in  two  to  three  carloads  a  day.  They 
were  emptied  and  the  dumpings  piled  close  by  the  railroad  in  a  big  heap,  too  big 
for  their  good,  but  we  had  no  time  then  to  take  care  of  them;  we  left  that  Job  till 
frosty  weather,  when  we  could  haul  them  to  a  more  convenient  place.  In  unloading 
them  we  throw  all  big  sticks,  stones,  tin  cans,  leather  straps,  iron  scrap,  etc.,  aside. 

Wm.  Falconer. 

PUKTUEB  COOPERATION  WITH  THE  DIVISION  IN  THE  STUDY  OF  THE 
FERTILIZING  VALUE  OF  STREET  SWEEPINGS  INVITED. 

It  is  hoped  that  the  informatioii  contained  in  the  quotations  from 
letters  given  above  will  serve  as  an  inducement  for  the  extension  of 
the  use  of  street  sweepings  for  fertilization,  and  also  aid  in  developing 
the  best  methods  for  collecting,  preparing,  and  applying  the  material 
to  the  soil.  Correspondence  is  invited  with  persons  interested  in  the 
subject,  or  with  farmers  or  gardeners  who  have  made  careful  experi- 
ments in  the  use  of  street  sweepings  or  other  forms  of  city  wastes  for 
purposes  of  fertilization.  A  knowledge  of  their  methods  and  results 
will  be  of  value  to  others,  whether  their  experiments  are  successful  or 
unsuccessful.  Beports  of  experiments  of  this  kind  possess  their  maxi- 
mum value  only  when  the  purchase  price  and  cost  of  hauling,  preparing, 
and  applying  the  fertilizer  to  the  land  are  stated;  when  a  part  of  the 
land  is  left  unfertilized  and  the  crops  on  fertilized  and  unfertilized 
portions  of  the  field  are  harvested  and  measured  separately;  and  when 
the  net  profit  per  acre  in  each  case  is  accurately  stated. 

MONEY  VALUE  OF  STREET  SWEEPINGS. 

Without  a  knowledge  of  the  results  of  a  large  number  of  carefully 
conducted  experiments,  it  would  be  hard  to  determine  from  the  results 
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of  an  analysis  just  wliat  price  per  ton  farmers  can  afford  to  pay  for  street 
sweepings  in  addition  to  the  cost  of  haaling  and  spreading  tliem  on 
the  land.  Using  the  very  conservative  estimate  of  10  cents  per  pound 
for  the  nitrogen,  and  disregarding  the  phosphoric  acid  and  potash,  the 
poorest  sample  analyzed,  Serial  Ko.  17034,  would  be  worth  34  cents  per 
ton ;  while  the  richest  sample,  Serial  No.  17210,  would  be  worth  $1.46 
per  ton.  The  material  has  considerable  value  for  many  soils  in  addi- 
tion to  the  value  of  the  plant  food  it  contains.  Gardeners  declare  that 
it  is  very  useful  for  improving  the  mechanical  condition  of  stiff  and 
badly  aerated  soils.  It  would  also  improve  the  condition  of  very  light 
soils  which  are  deficient  in  moisture-holding  capacity  because  of  the 
low  percentage  of  organic  matter  which  they  contain. 

The  nitrogen  of  street  sweepings  is  not  as  readily  available  as  the 
nitrogen  of  ordinary  stable  manure,  because  of  the  smaller  proportion 
of  urine  contained  in  the  sweepings.  It  is  a  well  established  fact  that 
the  nitrogen  in  the  urine  of  animals  is  much  more  readily  available 
than  that  contained  in  their  solid  excrement.  It  is,  therefore,  very 
difficult  to  make  an  estimate  of  the  money  value  of  street  sweepings 
because  of  the  great  variation  in  their  composition,  which  is  dependent 
upon  the  nature  of  the  pavements,  the  season  of  the  year  during  which 
they  are  collected,  the  manner  of  collection,  etc.,  and  because  many 
accurate  field  tests  must  be  made  before  we  can  determine  their  exact 
value  as  a  source  of  plant  food.  Sixteen  cities  reported  the  prices  at 
which  street  sweepings  are  sold  to  farmers  by  their  street-cleaning 
departments  or  contractors.  These  prices  vary  from  15  cents  to  $2 
per  ton.  The  city  of  Atlanta  reports  a  contract  for  the  sale  of  the 
sweepings  of  their  streets  for  $G0  per  year  and  an  arrangement  which 
gives  the  street-cleaning  department  the  advantage  of  a  short  haul. 
This  seems  to  be  an  excellent  arrangement  for  both  parties  con- 
cerned, as  the  average  quality  of  the  entire  product  of  a  city  for  a 
whole  year  ought  not  to  vary  greatly  from  year  to  year.  MoreovcTythe 
price  can  be  adjusted  equitably  from  year  to  year  as  the  true  vsilne  of 
the  material  becomes  apparent. 

The  expense  of  hauling  can  be  reduced  in  a  measure  by  sp^ading 
the  sweepings  in  thin  layers  on  the  dumping  grounds  and  allowing 
them  to  dry  out  for  a  day  or  two  before  hauling  them  to  the  &rm.  The 
nitrogen  of  the  material  is  not  of  such  a  form  that  serious  loss  would 
result  from  this  treatment  unless  it  be  continued  for  several  days. 
Long  exx>osure  in  thin  layers  during  a  rainy  season  would  be  certain 
to  cause  a  considerable  loss  of  the  nkost  valuable  plant  food,  because 
that  which  is  most  easily  leached  out  is  the  most  readily  available. 

MISCELLANEOUS  WASTE  PKODUCTS. 

It  may  often  happen  that  the  "dumps"  whence  the  farmer  must  take 
his  supply  of  street  sweepings,  also  contain  other  materials  possessing 
considerable  fertilizing  value.    Any  waste  animal  or  vegetable  matter, 
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not  contaminated  with  tbe  germs  of  diseases  of  men  or  animals,  may 
very  properly  be  tested  in  regard  to  their  value  for  this  purpose. 
Several  hundred  pounds  of  fish  refuse,  of  which  the  composition  is 
shown  in  the  table  of  analyses  on  page  11,  were  found  on  one  of  the 
**dumps"  in  Washington,  D.  O.  Its  source  could  not  be  ascertained. 
Its  fertilizing  value,  based  on  data  used  by  the  experiment  stations  for 
the  valuation  of  fertilizers,  would  vary  from  $9  to  $33  per  ton,  according 
to  the  degree  of  fineness  of  the  ground  material. 
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PROCEEDINGS  OF  THE  FIFTEENTH  ANNUAL  CONVENTION  OF 
THE  ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


KIRSX    DAY. 

ERIDAY— MORNING  SESSION. 

The  fifteenth  annual  convention  of  the  Association  of  OflBcial  Agri- 
cultaral  Chemists,  beginning  November  11, 1898,  was  Called  to  order  in 
the  lecture  hall  of  the  Columbian  University,  by  the  president,  Mr. 
A.  L.  Winton,  at  10.15  a.  m. 

MEMBERS  AND  VISITORS  PRESENT. 

The  following  members  and  visitors  were  in  attendance: 

Allen,  E.  W.,  Office  of  Experiment  Stations,  Department  of  Agriculture,  Washington, 

D.  C. 
Alvord,  H.  E.,  Dairy  Division,  Department  of  Agriculture,  Washington,  D.  C. 
Anderson,  Cyrus  N.,  Washington,  D.  C. 

Andrews,  W.  H.,  Agricultural  Experiment  Station,  Geneva,  N.  Y. 
Atwater,  W.  O.,  Storrs  Experiment  Station,  Middletown,  Conn. 
Bartlett,  J.  M.,  Agricultural  Experiment  Station,  Orono,  Me. 
Beal,  W.  H.,  Office  of  Experiment  Stations,  Department  of  Agriculture,  Washington, 

D.  C. 
Bigelow,  W.  D.,  Division  of  Chemistry,  Department  of  Agriculture,  Washington, 

D.C. 
Blair,  A.  W.,  Agricultural  Experiment  Station,  Raleigh,  N.  C. 
Bolton,  H.  Carrington,  Washington,  D.  C. 

Cameron,  F.  K.,  Division  of  Soils,  Department  of  Agricultiire,  Washington,  D.  C. 
Cameron,  George  W.,  College  Park,  Md. 

Carpenter,  F.  B.,  Virginia-Carolina  Chemical  Company,  Richmond,  Ya. 
Carr,  Oma,  Corry,  Pa. 

Coates,  Charles  E.,  Louisiana  State  University,  Baton  Rouge,  La. 
Craighill,  George  P.,  Lynchburg,  Va. 

Ewell,  E.  E.,  Division  of  Chemistry,  Department  of  Agriculture,  Washington,  D.  C. 
Frear,  Wm.,  Agricultural  Experiment  Station,  State  College,  Pa. 
Gaines,  Richard  H.,  Department  of  Agriculture,  Richmond,  Va. 
Gascoyne,  W.  J.,  Baltimore,  Md. 

Goessmann,  C.  A.,  Hatch  Experiment  Station,  Amherst,  Mass. 
Goessmann,  C.  I.,  Hatch  Experiment  Station,  Amherst,  Mass. 
Grindley,  H.  S.,  Urbana,  111. 

Hartwell,  B.  L.,  Agricultural  Experiment  Station,  Kingston,  R.  I. 
Haywood,  J.  K.,  Division  of  Chemistry,  Department  of  Agriculture,  Washington, 

D.C. 
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Hills,  J.  K.;  Agricultural  Experimeut  Station,  Burliugton,  Vt. 

Hiltner,  R.  S.,  Agricultural  Experiment  Station,  Lincoln,  Nebr. 

Hite,  B.  H.,  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 

Holland,  E.  B.,  Hatch  Experiment  Station,  Amherst,  Mass. 

Huston,  H.  A.,  Agricultural  Experiment  Station,  Lafayette,  Ind. 

Jaffa,  M.  E.,  Agricultural  Experiment  Station,  Berkeley,  Cal. 

Jones,  C.  H.,  Agricultural  Experiment  Station,  Burlington,  Vt. 

Kedzie,  R.  C,  Agricultural  College,  Agricultural  College,  Mich. 

Kerr,  G.  A.,  Columbus,  Ind. 

Kilgore,  B.  W.,  Agricultural  and  Mechanical  College,  College,  Miss. 

Krug,  William  H.,  Division  of  Chemistry,  Department  of  Agriculture,  Washington, 
D.  C. 

Lang  worthy,  C.  F.,  Office  of  Experiment  Stations,  Department  of  Agriculture, 
Washington,  D.  C. 

Laughlin,  J.  R.,  Agricultural  College,  College  Park,  Md. 

McCarty,  R.  Lee,  New  York. 

McDonnell,  H.  B.,  Agricultural  College,  College  Park,  Md. 

Meng,  James  S.,  New  York. 

Mitchell,  W.  L.,  Agricultural  Experiment  Station,  New  Haven,  Conn. 

Moore,  C.  C,  Division  of  Chemistry,  Department  of  Agriculture,  Washington,  D.  C. 

Morse,  F.  W.,  College  of  Agriculture  and  Mechanical  Arts,  Durham,  N.  H.  . 

Myers,  John  A.,  New  York. 

Palmer,  T.  Chalkley,  Philadelphia,  Pa. 

Patterson,  H.  J.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Peebles,  A.  B.,  Storrs  Experiment  Station,  Storrs,  Conn. 

Ross,  B.  B.,  Agricultural  Experiment  Station,  Auburn,  Ala. 

Runyan,  E.  G.,  Division  of  Chemistry,  Department  of  Agriculture,  Washington, 
b.  C. 

Schulte,  J.  I.,  Washington,  D.  C. 

Schweinitz,  de,  E.  A.,  Bureau  of  Animal  Industry,  Department  of  Agriculture,  Wash- 
ington, D.  C. 

Soovell,  M.  A.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

Seal,  Alfred  N.,  Washington,  D.  C. 
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Stokes,  H.  N.,  Geological  Survey,  Washington,  D.  C. 

Street,  John  Phillips,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 

Trescot,  T.  C,  Division  of  Chemistry,  Department  of  Agriculture,  Washington,  D.  C. 

True,  A.  C,  Office  of  Experiment  Stations,  Department  of  Agriculture,  Washington, 
D.C. 

Van  Slyke,  L.  L.,  Agricultural  Experiment  Station,  Geneva,  N.  Y. 

Veitch,  F.  P.,  Agricultural  College,  College  Park,  Md. ' 

Voorhees,  L.  A.,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 

Wheeler,  H.  J.,  Agricultural  Experiment  Station,  Kingston,  R.  I. 

Wiley,  H.  W.,  Division  of  Chemistry,  Department  of  Agriculture,  Washington,  D.C. 

WMUiams,  C.  B.,  Agricultural  Experiment  Station,  Raleigh,  N.  C. 

Win  ton,  A.  L.,  Agricultural  Experiment  Station,  New  Haven,  Conn. 

Withers,  W.  A.,  Agricultural  Experiment  Station,  Raleigh,  N.  C. 

Woll,  F.  W.,  Agricultural  Experiment  Station,  Madison,  Wis. 

Woods,  Charles  D.,  Agricultural  Experiment  Station,  Orono,  Me. 

Yocum,  J.  H.,  New  York. 
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ORDER  OF  BUSINESS. 

In  compliance  with  the  action  taken  at  tbe  last  meeting  of  the  asso- 
ciation, the  executive  committee  reported  the  following  order  of  busi- 
ness: 

The  president's  address. 

Eeports  of  the  referees  in  the  following  order: 

First.  Keport  on  nitrogen. 

Second.  Report  on  potash. 

Third.  Eeport  on  phosphoric  acid. 

Fourth.  Eeport  on  soils  and  ash. 

Fifth.  Report  on  foods  and  feed  stuffs. 

Sixth.  Report  on  food  adulteration. 

Seventh.  Rei)ort  on  dairy  products. 

Eighth.  Report  on  sugars. 

Ninth.  Report  on  tannin. 

Tenth.  Report  on  nicotiu. 

Eleventh.  Reports  of  special  committees  (abstract  committee,  food 
standards,  uniform  laws  for  fertilizer  control,  volumetric  standards, 
rewriting  methods  of  soil  analysis). 

The  president  appointed  Messrs.  McDonnell,  Bigelow,  and  Wheeler 
a  committee  on  time  of  meeting.  The  committee  recommended  that 
two  sessions  be  held  daily,  one  from  9.30  a.  m.  to  12  noon  and  the 
second  from  1.15  to  4  p.  m.  The  recommendation  of  the  committee  was 
adopted. 

'The  president  made  the  special  order  for  the  election  of  officers  for  2 
p.  m.  on  Saturday. 

The  president  of  the  association  then  read  the  following  annual 
address : 

ADDRESS   OF  THE  PRESIDENT. 

Members  of  the  Association  of  Official  Chemists:  Our 
association  came  into  existence  at  a  time  when  there  was  especial  need 
of  such  an  organization.  The  official  agricultural  laboratories  in  the 
United  States  were  few  in  number,  limited  in  experience  and  resources, 
and  continually  harassed  by  controversies  with  fertilizer  manufacturers 
over  the  accuracy  of  their  analytical  work.  The  cooperative  study  of 
methods,  which  was  undertaken  soon  after  organization  was  effected, 
brought  the  individual  chemists  into  closer  touch,  and  the  methods 
adopted  not  only  came  into  use  in  all  the  official  laboratories,  but  were 
soon  recognized  as  standard  methods  by  the  trade. 

The  passage  of  the  Hatch  act  gave  to  each  State  abundant  means  for 
agricultural  investigation,  a  considerable  part  of  which  was  devoted  to 
chemical  work.  But  as  the  laboratories  increased  in  numbers  and 
efficiency  the  demands  on  the  association,  instead  of  becoming  less, 
became  greater,  and  much  discretion  was  required  in  determining  the 
policy  to  be  pursued.    To-day,  although  we  have  been  organized  for 
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over  fourteen  years,  we  are  still  confronted  by  a  number  of  questions 
of  policy  which  demand  our  careful  attention. 

The  first  of  these  concerns  the  scope  of  the  association.  The  name 
under  which  we  are  known  gives  little  idea  of  our  purpose  and  work. 
Agricultural  chemistry,  in  the  full  significance  of  the  term,  is  not 
merely  a  branch  of  chemistry,  but  is  a  comprehensive  science  which 
includes  animal  and  plant  physiology,  physics,  and  other  sciences  so 
far  as  they  are  applied  to  agriculture.  The  well-known  Jahresbericht 
liber  die  Fortschritte  auf  dem  Gesamtgebiete  der  Agrikultur-Ghemie 
for  1896  reviews  the  work  of  the  year  under  the  following  heads: 
atmosphere,  water,  soils,  fertilizers,  physiology  of  plants,  constituents 
of  plants,  seed  testing,  plant  culture,  plant  diseases,  fodders,  constitu- 
ents of  animal  bodies,  chemico-physiological  experiments  on  animals 
(including  bees,  silkworms,  and  fishes),  animal  nutrition,  meat  and  milk 
I)roduction,  dairy  products,  starch  production,  sugar  i)roduction,  dis- 
eases of  the  sugar  beet,  wine,  liquors,  and,  finally,  methods  of  analysis. 
Of  the  700  pages  but  55  are  devoted  to  the  latter  subject. 

Notwithstanding  this  long  list  of  subjects  which  come  within  the 
scope  of  agricultural  chemistry,  we,  as  an  association,  have  confined 
our  attention  almost  entirely  to  matters  pertaining  to  agricultural 
analysis.  Our  everyday  work,  it  is  true,  is  carried  on  in  the  field  and 
in  the  stable  as  well  as  in  the  laboratory ;  but  once  a  year  we  leave  the 
crops  and  the  farm  animals  behind  and  meet  as  analytical  chemists. 

During  the  first  two  years  of  its  existence  our  organization  was  really 
a  body  of  fertilizer  analysts,  as  only  methods  for  the  analysis  of  the^e 
materials  were  considered;  but  at  the  third  convention  the  constitution 
was  amended  so  as  to  include  as  subjects  for  investigation  "The  analy- 
sis of  soils,  cattle  foods,  dairy  products,  and  other  materials  connected 
with  agricultural  industry."  The  subjects  fodders  and  dairy  products 
were  referred  that  year  (1886)  to  committees,  and  sugar  and  distilled 
liquors  in  the  following  year.  The  first  reporter  on  soils  and  ash  was 
appointed  in  1890  and  on  tannin  in  1894.  The  methods  for  the  analysis 
of  dairy  products  and  liquors  which  were  tested  included  those  for  the 
detection  of  adulteration,  and  in  1896  this  line  of  investigation  was 
extended  so  as  to  cover  all  articles  used  for  food  and  drink,  a  ta^k 
which  bids  fair  to  become  one  of  the  most  imi)ortant  we  have  yet 
undertaken. 

Although  from  time  to  time  the  field  of  our  labor  has  been  enlarged, 
it  really  has  never  been  extended  beyond  the  bounds  of  chemical 
analysis,  and  it  is  believed  that  we  have  attained  a  much  higher  degree 
of  usefulness  under  these  limitations  than  would  have  been  possible  in 
a  broader  field. 

But,  while  it  is  advisable  that  we  remain  an  association  of  agricul- 
tural analysts,  we  should  be  this  in  the  fullest  sense.  At  the  present 
convention  Dr.  de  Schweinitz  is  expected  to  present  a  paper  on  the 
determination  of  nicotin  in  tobacco  powders  and  tobacco  extracts. 
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These  products  are  coming  into  extensive  use  as  insecticides  and,  as 
their  value  is  dependent  chiefly  on  the  percentage  of  nicotin  they  con- 
tain, it  is  important  that  suitable  methods  be  employed  in  determining 
this  ingredient. 

In  addition  to  tobacco  preparations,  various  other  insecticides 
(chiefly  arsenical  powders),  as  well  as  fungicides,  are  frequently  ana- 
lyzed in  official  laboratories,  and  it  seems  to  me  desirable  that  a  referee 
on  insecticides  and  fungicides  be  appointed  each  year,  to  investigate 
methods  for  the  determination  of  the  valuable  constituents  of  these 
products. 

There  is  no  immediate  prospect  that  a  further  expansion  of  our  work 
will  be  found  advisable.  The  agricultural  chemist  may  be  called  upon 
occasionally  to  analyze  other  classes  of  materials,  such  as,  for  example, 
well  waters,  paints  for  farm  buildings,  lubricants  for  farm  machinery, 
and  even  wall  paper  for  farm  houses  and  grange  halls,  but  these  do  not 
demand  our  attention  as  an  association. 

The  second  problem  which  confronts  us  is  whether  referees  are  to 
conduct  cooperative  investigations  solely  to  study  analytical  methods, 
or,  in  part,  to  determine  the  accuracy  of  the  work  of  the  individual 
analysts.  At  the  outstart  samples  were  distributed,  chiefly  with  the 
view  of  comparing  the  results  obtained  in  different  laboratories  by  the 
same  methods.  Such  comparisons,  while  very  instructive  indeed  to 
those  making  the  analyses,  did  not,  however,  bring  out  any  facts  of 
general  interest  and  it  soon  became  apparent  that  results  of  more  x)er- 
manent  value  could  be  secured  in  the  study  of  analytical  methods. 
This  latter  work  was  accordingly  taken  up  and  has  since  resulted  in 
many  improvements  of  analytical  processes,  both  as  to  accuracy  and 
convenience.  Unfortunately,  the  referees  have  been  seriously  ham- 
pered in  their  investigations,  owing  to  the  practice  in  some  laboratories 
of  using  the  samples  sent  out  by  the  referees  for  a  test  of  analysts 
rather  than  of  methods.  As  a  consequence  of  this  abuse,  it  has  been 
difficult  to  decide  whether  the  method  or  the  analyst  was  at  fault.  The 
referees  are  selected  because  of  special  qualifications  for  their  work  and 
they,  in  turn,  should  choose  associates  who  are  not  only  skilled  manip- 
ulators, but  have  given  particular  attention  to  the  subject  under  inves- 
tigation. Furthermore,  every  official  chemist  should  have  it  impressed 
upon  him  that  it  is  better  to  decline  to  take  part  in  an  investigation 
than  to  assign  the  details  to  an  inexperienced  assistant. 

Our  plan  of  testing  methods  by  the  analysis  of  a  few  samples  sent 
out  by  the  referees,  while  in  some  respects  an  excellent  one,  is  still  open 
to  grave  criticism.  If  a  considerable  number  of  chemists  secure  good 
results  by  a  new  method  in  the  analysis  of  three  or  four  samples,  the 
accuracy  of  the  method  is  too  often  regarded  as  established.  The  fact 
is  overlooked  that  it  is  the  samples  which  have  been  thoroughly  tested, 
whereas  the  method  has  been  given  only  a  preliminary  trial.  A  method 
which  works  well  on  four  samples  but  fails  in  the  fifth  is  a  snare  and  a 
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delusion.  It  is,  therefore,  of  vastly  greater  importauce  that  a  wide 
variety  of  materials  be  examined  by  a  few  expert  analysts  than  that  a 
few  materials  be  examined  by  a  large  number  of  analysts,  and  the  best 
way  to  secure  this  variety  is  for  each  analyst  to  select  his  own  mate- 
rials. The  analyst  must,  of  course,  make  comparative  determinations 
on  each  sample  by  the  method  under  trial  and  a  standard  method,  and 
for  the  purpose  of  eliminating  from  the  comparison  any  possible  errors 
due  to  variation  in  the  samjfle,  imperfect  solution,  or  other  cause,  he 
should,  whenever  possible,  use  aliquots  from  the  same  solution.  Many 
times  these  comparisons  can  be  made  on  samples  analyzed  in  connec- 
tion with  station  work,  and  the  results  will  have  an  immediate  value, 
anide  from  throwing  light  on  the  methods. 

The  action  taken  at  the  last  convention,  leading  to  the  appointment 
of  a  committee  to  consider  standards  of  purity  of  the  foods  and  drinks 
on  sale  in  the  United  States,  was  but  another  manifestation  of  the 
growing  determination  to  suppress  adulteration  and  misbranding. 
The  adoption  of  standards  of  purity  should  go  hand  in  hand  with  the 
adoption  of  methods  of  examination,  as  the  proper  interpretation  of 
results  is  as  essential  as  the  accuracy  of  their  determination. 

The  undertaking  is,  however,  fraught  with  difficulties  and  dangers 
and  involves  much  patient  and  thoughtful  work.  Above  all  things  we 
should  avoid  undue  haste,  as  mistakes  at  the  beginning  will  work 
incalculable  harm. 

In  the  case  of  some  classes  of  foods,  the  data  at  hand  are  insufficient 
to  serve  as  a  suitable  basis  for  standards  and  there  is  need  of  more 
analyses  of  authentic  samples.  This  is  particularly  true  of  the  spices, 
which  subject  was  assigned  to  me  by  the  committee.  A  considerable 
number  of  authentic  samples,  that  is  to  say,  samples  ground  in  the 
laboratory  from  whole  spices,  were  examined  at  the  Department  of 
Agriculture  over  eleven  years  ago,  as  described  in  Bulletin  13,  part  sec- 
ond. Spices  and  Condiments,  but  these  results  should  be  supplemented 
by  analyses  of  the  grades  now  on  our  markets.  Some* three  months 
aigo,  I  wrote  to  leading  spice  importers  in  New  York  City  and  Boston, 
asking  if  such  samples  could  be  secured.  Three  of  the  largest  houses 
in  New  York  and  one  in  Boston  at  once  replied  that  I  was  at  liberty 
to  sample  all  the  goods  in  their  warehouses  from  the  original,  unbroken 
packages.  Through  their  courtesy  over  one  hundred  samples,  repre- 
senting all  grades  and  qualities,  have  been  drawn  and  the  laborious 
task  of  analyzing  these  samples  is  now  under  way. 

It  thus  appears  that  the  work  of  fixing  standards  is  not  merely  cleri- 
cal, but  involves  the  making  of  a  large  number  of  chemical  analyses. 

Another  difficulty  in  fixing  standards  is  the  wide  variation  in  quality, 
and,  consequently,  in  composition,  of  foods.  In  our  investigation  of 
the  spices  this  has  already  become  apparent.  For  example,  Singapore 
black  pepper  is  a  hard  and  perfect  berry  and,  consequently,  contains  a 
higher  percentage  of  starch  and  a  lower  percentage  of  fiber  than  the 
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lower  grades  of  Acheen  pepper,  in  which  there  are  many  empty  shells. 
Ginger  and  cassia  also  vary  greatly  in  quality  and  composition. 

If  we  adopt  standards  based  on  analyses  of  the  better  grades,  we 
shall  be  liable  to  condemn  as  adulterated  inferior,  but  genuine,  prod- 
ucts, and  thus  work  great  injustice.  It  is,  therefore,  of  the  utmost 
importance  that  all  grades  be  examined  before  attempting  to  fix 
standards. 

Agaiiif  it  is  often  difficult  to  decide  as  to  what  constitutes  adultera- 
tion. A  few  examples  drawn  again  from  the  spices  wilLmake  this  point 
clear.  Black  pepper,  as  you  all  know,  is  the  unripe  berry  of  the  i)ep- 
per  plant,  dried  without  shelling;  white  pepper  is  the  mature  berry 
from  which  the  outer  coatings  have  been  removed.  The  pepper  shells 
obtained  as  a  byproduct  in  preparing  white  pepper  are  extensively 
mixed  with  ground  black  pepper.  This  practice  is  regarded  by  food 
analysts  as  an  adulteration  analogous  to  the  addition  of  skim  milk  to 
whole  milk.  The  spice  grinders,  as  a  rule,  take  the  ground  that,  since 
the  pepper  shells  are  a  product  from  pepper  which  have  about  the  same 
strength  and  chemical  composition  as  the  low  grades  of  black  pepper, 
their  use  is  legitimate.  They  say  that,  even  if  it  is  granted,  for  the 
sake  of  argument,  that  pepper  shells  are  an  adulterant,  it  is  impossible 
to  distinguish  between  ground  black  pepper  thus  adulterated  and  that 
obtained  by  grinding  a  low-grade  Acheen  pepper,  which  contains  shells 
as  an  accidental  impurity. 

The  addition  of  ground  clove  stems  to  ground  cloves  is  commonly 
prohibited,  as  the  former  contain  but  about  4  per  cent  of  volatile  oil, 
whereas  the  cloves  contain  upward  of  20  per  cent.  The  grinders  cls^im 
that,  since  clove  stems  are  always  present  in  small  amount  in  cloves  as 
an  accidental  impurity,  they  should  be  rated  as  a  low  grade  of  cloves. 

Assuming  that  both  pex)per  shells  and  clove  stems  are  adulterants, 
where  shall  the  line  be  drawn  between  accident  and  design  f 

A  similar  problem  was  encountered  years  ago  in  fixing  milk  stand- 
ards. It  was  evident  that  standards  based  on  the  minimum  percentage 
of  solids  and  fat  which  genuine  milk  ever  contained  would  be  so  low 
as  to  be  of  little  value  in  preventing  adulteration.  The  only  solution 
of  the  problem  was  to  adopt  arbitrary  standards,  so  that  milk  which 
was  abnormally  low  in  nutritive  value  could  not  be  sold  under  the 
name  "milk,"  whether  or  not  it  had  been  skimmed  or  watered. 

Another  important  question  concerns  the  coloring  of  foods.  Some 
are  of  the  opinion  that  for  the  proper  enforcement  of  pure- food  laws 
it  is  necessary  to  regard  all  artificial  coloring  matters  as  adulterants, 
except  when  their  presence  is  distinctly  stated  on  the  package,  while 
others  contend  that  only  dyes  injurious  to  health,  or  those  a<lded  to 
conceal  damage  or  the  presence  of  makeweights,  should  be  placed  in 
this  category.  Whatever  decisions  are  reached  in  this  matter,  common 
justice  demands  that  the  same  rule  shall  be  applied  to  one  class  of  foods 
as  to  another.    If  the  dairyman  is  allowed  to  color  his  butter  and  the 
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fanner  his  vinegar,  the  spice  grinder  should  certainly  have  the  priri- 
lege  of  adding  to  mustard  enough  turmeric  to  give  it  the  attractive 
color  which  the  housewife  demands — a  practice  which  a  gentleman 
high  in  the  trade  has  pronounced  in  my  hearing  as  no  more  culpable 
than  decorating  the  dining  table  with  dowers  or  garnishing  beefsteak 
witli  parsley. 

These  illustrations  have  been  drawn  from  the  spices  for  the  reason 
that  I  am  at  present  specially  interested  in  these  products;  but  similar 
difficulties  are  to  be  encountered  in  fixing  standards  for  other  classes 
of  foods,  and  great  care  should  be  taken  in  reaching  final  decisions. 

I  have  purposely  omitted  all  mention  of  the  specific  problems  in 
analytical  chemistry  for  which  we  are  seeking  solutions,  as  these  will 
be  fully  presented  by  the  referees  during  our  sessions.  There  is  no 
limit  to  the  work  in  this  our  chosen  field.  The  methods  for  the  proxi- 
mate analyses  of  fodders  and  soils  especially  need  improvement,  and 
even  the  subjects  nitrogen,  phosphoric  acid  and  potash,  over  which  we 
have  labored  since  our  first  convention,  are  not  yet  exhausted. 

It  is  well  that  there  are  many  workers  and  that  there  is  a  division  of 
the  labor. 

APPOINTMENT  OP  COMMITTEES. 

The  president  appointed  the  following  committee  on  recommendations 
of  referees:  Messrs.  Huston,  Eoss,  and  Street,  together  with  the 
referee  whose  recommendations  were  to  be  considered. 

The  president  appointed  Messrs.  Kedzie  and  Jafia  as  a  committee  to 
wait  upon  the  Secretary  and  Assistant  Secretary  of  Agriculture  and 
invite  them  to  attend  the  meeting. 

The  preliminary  business  having  been  accomplished,  the  president 
announced  that  the  order  of  business  which  had,  by  the  vote  of  the 
previous  convention,  been  left  with  the  executive  committee  would  now 
be  followed,  and  called  first  for  the  reading  of  the  report  of  the  referee 
on  nitrogen.  The  referee,  Mr.  R.  J.  Davidson,  being  absent  on  account 
6f  illness,  his  report  was  read  by  the  secretary. 

BEPOET  ON  NITEOGEN. 
By  R.  J.  Davidson,  Referee. 

In  outlining  the  work  for  the  year  the  referee  tried  to  follow  as  closely  as  possible 
the  instructions  and  suggestions  made  at  the  last  meeting  of  the  nssociation. 

It  was  recommended  that  a  further  investigation  of  the  Ulsch-Kjeldahl  and  Ulsch- 
Gunning  methods  for  total  nitrogen  be  made,  and  in  addition  to  continue  the  work 
on  methods  for  the  determination  of  available  nitrogen  in  mixed  fertilizers,  with 
special  reference  to  rapidity  and  reliability. 

About  the  middle  of  February  a  letter  was  sent  to  a  number  of  chemists  asking 
them  to  take  part  in  the  work,  and  favorable  responses  were  received  from  eleven. 
Some  of  these  stated  that  they  would  do  only  part  of  the  work.  Eleven  sets  of 
materials  were  sent  out  about  March  8,  and  about  a  month  later  another  set  was 
called  for. 
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From  these  twelve  sets  of  samples  I  have  received  up  to  the  present  time  reports 
from  two  chemists  on  all  the  work,  and  from  eight,  reports  on  part  of  it. 

For  work  in  comparing  the  Ulsch-Kjeldahl  and  Ulsch-Gunning  methods  with  the 
official  methods,  the  following  letter  of  instrnctions  was  sent : 

March  8,  1898. 

Dear  Sir:  With  the  organic  siimple  I  also  send  you  two  samples  to  be  used  in 
testing  the  Ulsch-Kjeldahl  and  Ulsch-Gunning  methods  for  total  nitrogen  in  sample 
rich  in  nitrate  salts. 

Sample  No.  11  consists  of  a  mixture  of  sodium  nitrate,  cottonseed  meal,  acid 
pliosphate,  and  sodium  chlorid. 

Sample  No.  12  consists  of  a  mixture  of  sodium  nitrate,  cottonseed  meal,  tankage, 
and  acid  phosphate. 

You  are  re({uested  to  make  the  following  determinations  in  each  sample : 

A. — Total  nitrogen  by  Kjeldahl  and  Gunning  methods  modified  to  include  nitnites. 

li. — Total  nitrogen  by  Ulsch-Kjeldahl  method. 

C.-Total  nitrogen  by  |  ^ig'S  Z^l 

Place  1  gram  of  sample  in  a  Kjeldahl  flask,  add  20  ce  of  water,  shake,  and  allow 
to  stand  for  ten  minutes.  Then  add  3.5  grams  of  powdered  iron  (reduced  iron 
answers  very  well)  and  10  cc  of  sulphuric  acid  (sp.  gr.  1.35),  warm  gently  until  evo- 
lution of  hydrogen  ceases;  add  0.7  gram  of  mercuric  oxid  and  20  cc  of  strong 
sulphuric  acid,  and  then  proceed  as  in  the  regular  Kjeldahl  method. 

rLSCH-GUNNINQ   METHOD. 

Proceed  as  in  Ulsch-Kjeldahl  method  until  conversion  has  been  made  with  reduced 
iron  and  sulphuric  acid,  and  then  follow  the  regular  Gunning  method,  using  from 
25  to  30  cc  sulphuric  acid  for  digestion  instead  of  20  cc. 
It  is  requested  that  all  results  be  reported  as  soon  as  possible. 
Respectfully,  yours, 

R.  J.  Davidson,  lieferee. 
F.  S.  Shiver,  Associate, 

The  methods  given  above  are  the  same  as  those  used  last  year,  except  as  to  the 
quantity  of  reduced  iron,  which  has  been  changed  from  2  to  3.5  grams. 
The  materials  used  in  the  preparation  of  the  above  samples  were  as  follows : 

Sample  No.  11 : 

20  grams  nitrate  of  soda,  containing  3.22  grams  nitrogen. 
100  grams  cottonseed  meal,  containing  7.60  grams  nitrogen. 
100  grams  acid  phosphate. 

70  grams  sodium  chlorid. 

This  sample  contains  8.48  per  cent  of  total  nitrogen,  of  which  6.85  per  cent  are 
nitric  nitrogen. 

Sample  No.  12: 

150  grams  nitrate  of  soda,  containing  24.165  grams  nitrogen. 
100  grams  cottonseed  meal,  containing  7.60  grams  nitrogen. 
100  grams  tankage,  containing  5.89  grams  nitrogen. 
170  grams  acid  phosphate. 

This  sample  contains  7.24  per  cent  of  total  nitrogen,  of  which  4.65  per  cent  are 
nitric  nitrogen. 

In  preparing  these  mixtures  it  was  intended  to  have  considerable  nitric  nitrogen 
present  to  test  the  serious  objections  raised  at  the  last  meeting  against  the  Ulsch- 
Kjeldahl  and  Ulsch-Gunning  methods. 

It  was  stated  tlren  that  the  quantity  of  iron  used  (2  grams)  was  not  sufficient 
when  the  per  cent  of  nitric  nitrogen  present  was  4  or  over. 

Before  sending  out  these  samples  both  the  referee  and  the  associate  referee  made 
several  determinations,  using  2,  2.5,  3,  3.5,  and  4  grams  of  iron  with  1  gram  sub- 
stance, to  find  out  what  was  the  smallest  quantity  of  iron  necessary,  and  it  was 
found  that  not  less  than  3.5  grams  should  be  used  for  No.  11,  and  that  perhaps  4 
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grams  would  be  better.  Bat,  as  the  main  object  of  this  inTestigation  was  to  obtain 
information  as  to  the  amount  of  iron  that  should  be  used,  it  was  thought  best  to 
limit  the  amount  to  3.5  grams. 

Comparison  of  methods. — Total  nitrogen. 


Analyst. 


11 


^1 


A.  W.  Ogden,  Conn.  Station '  8. 36 

I  8.38 

!  8.42 

!  8.48 


P.  et.  !  P.  et.  \  P.  el. 

8.34  I 

8.36  j 

8.30  ' 

8.41  I 


1^1' 

-I   I 
I  P«    ' 

P.et. 
8.42 
8.48 


12 


F.  Thompson,  N.Y.  Station ' :  8.38 

; '  8.44  I 


©3  !  ®^ 


P.  et.  I  P.  et.   P.  et. 

!  8.34  \  7.21     7.21 

8.37     7.23 


1    SS'SI 


8.38 


'8.37 
■8.41 


T.  C.  Trescot,  U.  S.  I)ept.  Agr »8.74  »8.72  ] »8.70 

I »8.7e  «8.69    »8.70 


»8.70 


.:»8.7fl 


8.  40 

I  8.39 

8.42 


Walker  Bowman,  Looisville  Spirit- 

Cnred  Tobacco  Go ;    8.57 

C.H.Jone8,Vt. Station !....'    8.47 

I    8.48  i 
I     8.56 
,     8.54 
8.57  ' 

H.K. Miller, N.C. Station '    8.39 

1    8.36 
8.41  ' 

28.27    j •- 

"W. B.  Ellett,  Va.  Station '    8.56 8.34 


I 


7.27 
7.28 


7.23 
7.27 
7.30 
7.20 
7.20 
7.31 


P. at.  \  P.et.   P.eL 

!  7.24       7.17 

7.27 

]  7.28 

7.30 


•I I 


7.18 
7.20 
7.22 
7.20 
7.16 
7.18 


«7.46  j'7.47  I I  »7.48 

'»7.51  1»7.41  , I  «7.45 


.j«7.51 
.'«7.47 


8.41 
8.40 

8.44 


I  7.24 

I  7.25 

7.25 

,  7.19 


1 

!  7.21 

7.21 

1 
7.19  1 

7.27 

' 7.16  i 

7.24 

8.40  ^ 
8.30  ' 
8.30  , 


-I  7.32  ' !  7.20  i. 

.    7.35  , 7.11    . 

J ' ■ '7.26  1. 


I 


8.48 


....    8.38     8.39 


7.22  ! 

7.35    


A.  T.Kskridge,Va.  Station I 8.49 

.     8.47    

J. P.  Street,  N.  J.  Station 1    8.34  ' 

8.34  ' 

I     8.34    

F.  S.  Shiver,  S.  C.  Station j    8. 56    

F.P.Veitch,Md.  Station ! 8.32 

1 8.36 


8.38 
8.25 
'  8.31 
8.28 
8.57 


8.30 
8.25 
8.25 
8.25 
8.63 


7.20 
7.21 
7.21 
7.20 


7.21 

7.21 

7.20  ! 

7.26 

7.34 

7.21  ' 

7.13 

7.16 

I7.I9' 

7.13 

7.16 

7.15 

7.28 

7.23 

Average |    8.45     8.37 

Theory 8.47    


I 


I 


7  14 
7.16 


8. 88     8. 37 


7.26 
7.24 


7.22 


7.22 


.20  . 


'  Not  included  in  averages,  as  Mr.  Thompson  used  more  iron  than  was  called  for  in  the  iustnictions. 
*Xot  included  in  averages. 

NOTES   BY  THE  ANALYSTS. 

A.  ir,  Ogden. — The  samples  seemed  a  little  coarse  for  nitrogen  determination,  so  I 
ground  same  to  pass  a  0.04  inch  sieve.  This  extra  exposure  during  grinding  may 
have  changed  the  water  content  a  trifle,  still  I  think  not  notably. 

F,  TAowtpaon.— The  Ulsch-Gunning  method  was  attended  with  serious  frothing  and 
bumping,  which  could  not  be  readily  overcome  except  by  distilling  by  a  current  of 
steam. 

.7.  P.  Street, — The  Ulsch-Gunning  method,  while  it  gives  results  concordant  with 
the  other  methods,  is  very  difficult  of  manipulation.     Sample  No.  11  gave  more 
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iron  e  than  the  other,  probably  because  of  the  chlorids  present.  The  large  amonnt 
of  material  in  the  flask  makes  prevention  of  bumping  almost  impossible,  and  in  my 
mind  militates  strongly  against  the  method. 

F.  P,  Trt^oA.— Ulsch-Gunning  method.  This  spring  I  attempted  to  do  some  work 
with  this  metho'd,  comparing  it  with  the  regular  Gunning  for  nitrates.  I  Htarted 
about  50  samples,  but  the  heavy  precipitate  caused  such  violeut  bumpiug  that  more 
than  half  of  the  flasks  was  broken,  and  in  nearly  all  other  cases  soda  was  carried 
over. 

T.  C.  Trescot.— 
Detailed  results  of  determination  of  nitrogen  in  Association   of  Official  Agricultural 
ChemiHis*  official  samples  for  ISifS  by  the  Ulsch-Gunning  method. 


Successive  dis- 

Serial N 

0. 17239.    Referee's  , 
No.  11. 

Serial  No.  17240. 
Referee's  No.  12. 

tillations. 

Per  cent 
nitrogen. 

Per  cent 
nitrogen. 

8.37 
.11 
.08 
.OS 
.06 
.00 

Per  cent 
nitrogen. 

8.48 
.08 
.        .08 
.00 
.06 
.00 

Per  cent 
nitrogen. 

7.34 

.08 
.06 
.00 

Per  cent 
nitrogen. 

7.23 
.11 
.11 

.00 

1 

2 

8.47 
.11 
.06 
.06 
.00 

3 

4 

5 

6 

.    -i 

Total 

8.70 

8.70 

8.78 

7.48 

7.45 

Average . . . 

8.72 

7.46 

In  the  Ave  series  of  determinations  of  nitrogen  by  the  Ulsch-Gunning  method 
which  are  reported  above,  after  the  distillation  had  been  completed  the  residue  in 
the  distilling  flask  was  diluted  with  water  and  a  fresh  portion  of  zinc  was  added 
(the  quantity  usually  used  for  each  di.stillation ).  The  distillation  was  then  repeated, 
and  the  quantities  of  nitrogen  indicated  under  ''Distillatiou  No.  2"  in  the  table  were 
obtained.  The  dilution,  addition  of  zinc,  and  redistillation  were  repeated  until  no 
more  nitrogen  oame  over.  In  two  cases  six  distillations  were  necessary  before  this 
was  accomplished. 

It  would  seem  from  these  results  that  the  reduction  of  the  nitric  nitrogen  had 
been  incomplete  during  the  treatment  with  iron,  and  was  completed  only  by  the  long 
treatment  with  zinc  in  alkaline  solution  during  the  distillation. 

The  results  reported  by  the  modified  Kjeldahl  iu  both  Nos.  11  and  12  are  fairly 
good,  the  greatest  variation  from  theory  being  0.2  per  cent,  which  occurs  in  No.  11. 
Eliminating  this  result,  the  greatest  difference  between  the  lowest  and  theory  is  0.13 
per  cent.  This  is  more  than  it  should  be,  considering  that  this  is  one  of  our  stand- 
ard methods.  The  results  iu  No.  12  are  much  better,  the  widest  variation  from  the- 
ory being  0.05  per  cent. 

With  the  exception  of  one  set  of  results,  which  is  about  0.25  per  cent  higher  than 
theory,  what  is  said  about  the  Kjeldahl  method. will  apply  to  the  (iunuin*^,  except 
that  it  is  slightly  lower  in  the  general  average.  In  case  of  No.  12,  eliminating  one 
set  of  results,  which  varies  from  theory  about  the  same  as  a  similar  set  in  No.  11,  that 
is,  by  0.25  per  cent,  the  other  results  by  the  (Running  are  very  good. 

The  results  by  the  Ulsch-Kjeldahl  and  Ulsch-Ciunuing  methods,  with  the  excep- 
tion of  one  set,  are  very  satisfactory.  This  set  exhibits  the  same  difference  here 
that  it  did  in  case  of  the  regular  otlicial  methods.  Eliminating  this  set  and  com- 
paring the  Ulsch-Kjeldahl  and  Ulsch-Gunning  in  No.  11,  it  seems  that  the  results 
are  not  quite  so  good  as  those  obtained  by  onr  official  methods.  With  the  exception 
of  three  results  which  are  about  the  same  as  theory,  all  the  others  are  slightly  lower, 
the  lowest  being  0.22  per  cent  below  theory ;  and  the  general  average  of  all  the  results 
is  0.09  per  cent  below  theory  in  the  Ulsch-Kjeldahl  and  0.10  in  the  Ulsch-Gunning 
method. 
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The  low  results  giveu  iu  sample  No.  11  by  these  methods  show  very  clearly  that  in 
a  sample  like  this,  coutaining  6.85  per  cent  of  nitric  nitrogen,  3.5  grams  of  iron  are 
not  sufHcient,  and  that  4  grams  should  have  been  nsed  in  order  to  obtain  satisfactory 
and  concordant  results.  The  results  obtained  by  these  methods  in  No.  12  are  excel- 
lent. The  greatest  variation  between  the  lowest  result  and  theory  is  0.11  per  cent, 
just  one-half  what  it  was  iu  the  case  of  No.  11,  and  the  general  average  is  only  0.04 
from  theory.  Of  the  thirty-two  results  in  sample  No.  12  by  these  methods,  only  9 
vary  more  than  0.06  per  cent  from  theory. 

It  appears  from  the  results  with  No.  12  that  3.5  grams  of  iron  were  certainly  suffi- 
cient to  reduce  all  the  nitrate,  and,  judging  from  the  results  obtained  in  the  case  of 
No.  11,  that  less  than  the  3.5  grams  would  have  done;  but  unfortunately  we  have  no 
data  to  prove  this. 

From  the  results  obtained  in  our  work  in  these  two  samples,  we  ought  to  be  able 
to  lay  down  the  following  rule  as  to  the  quantity  of  iron  to  be  used:  For  every  .015 
gram  of  nitric  nitrogen  present  not  less  than  1  gram  of  iron  should  be  used.  Bat 
this  point  ought,  perhaps,  to  be  furthef  investigated. 

All  the  objections  to  the  use  of  these  methods  were  on  account  of  the  bumping 
caused  by  the  heavy  precipitate  of  iron  in  the  flask.  This  trouble  might  be  reme- 
died by  limiting  the  quantity  of  iron  to  be  used  in  all  cases  to  2  grams  and  then 
regulating  the  quantity  of  material  to  be  used  by  this.  Thus,  if  a  fertilizer  contain 
4  per  cent  or  less  of  nitric  nitrogen,  use,  say,  0.7  gram,  and  if  more  than  4  and  Iqss 
than  7  use  0.5  gram,  etc. 

On  account  of  sickness  the  referee  was  unable  to  investigate  these  methods  as 
thoroughly  as  he  had  intended;  therefore  he  does  not  feel  jnstified  iu  making  any 
recommendation  as  to  their  adoption. 

It  would,  perhaps,  be  better  to  give  them  another  trial. 

The  work  of  the  determination  of  the  availability  of  organic  nitrogen  is  a  contin- 
uation of  that  of  last  year,  and  consists  of  a  further  study  of  the  permanganate  of 
potash  method  in  comparison  with  the  pepsin-hydrochloric  acid  method  and  a  modi- 
fication of  the  pepsin  method  suggested  bj-  Mr.  Patterson,  of  Maryland. 

In  order  to  carry  out  this  work,  ten  samples  of  organic  nitrogenous  materials  were 
prepared,  which  were  as  follows : 

No.  1.  Dried  blood;  a  low-grade* sample. 

No.  2.  Cottonseed  meal. 

No.  3.  Tankage. 

No.  4.  Dried  fish. 

No.  5.  Meat  scraps. 

No.  6.  Castor  pomace. 

No.  7.  Steamed  leather.  This  is  a  sample  of  the  leather  used  by  Dr.  Wheeler,  of 
the  Rhode  Inland  Station,  in  his  vegetation  test. 

No.  8.  Kaw  bone. 

No.  9.  Hoof  meal. 

No.  10.  Dried  blood ;  an  average  sample.  This  was  al.^o  obtained  from  Dr.  Whet^ler, 
and  was  one  of  the  msiterials  used  in  his  investigation. 

As  the  value  of  result-s  obtained  by  chemical  methods  is  dependent  upon  the 
relation  that  these  results  bear  to  those  obtained  by  vegetation  tests,  the  referee  was 
anxious  to  get  some  of  the  materials  that  had  been  used  by  the  referee  of  the  last 
year  in  some  vegetation  experiments,  the  results  of  which  were  to  be  ready  for 
publication  by  this  meeting,  but,  unfortunately,  he  did  not  have  enough  in  hand  to 
supply  samples. 

The  materials  for  samples  No.  7  and  No.  10  were  furnished  bJ'Dr.  Wheeler.  These 
represent  the  materials  used  by  him  iu  his  vegetation  tests  upon  an  acid  soil,  limed 
and  uulimod.  The  other  samples  fairly  represent  the  usual  sources  of  organic 
nitrogen,  and  four  of  these  are  similar  to  those  used  last  year. 
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When  the  samples  and  instructions  were  sent  out,  the  referee  requested  that  the 
following  series  of  determinations  should  be  made: 

(A)  Total  nitrogen  hy  Kjeldahl  method, 

(B)  Digestion  of  organic  nitrogen  by  the pejtein-kydrochloric  acid  method. 

(C)  Digestion  of  organic  nitrogen  by  the  permanganate  of  potaah  method. 

(D)  Digestion  of  organic  nitrogen  by  the  modified  pepsin- hydrochloric  acid  method. 

(A)  Total  Nitrogen  by  Kjeldahl  Method. 
Taulb  I. — Results  on  total  nitrogen  by  the  different  analysts. 


Analyst. 


A.  J.  Patten,  Me.  Station . . 
O.  VT.  Knight,  Me.  Station 
F.  Thompson,  N.  Y.  Station 


C.  H.  Jones,  Vt.  Station 


T.  C.  Trescot,  U.  S.  Dept.  of  Agr 

B.  L.  Ilartwell,  R.  I.  SUtion 

"Walker  Bowman,  Louisville  Spirit 

Cured  Tobacco  Co 

H.K.  Miller,  N.C.  Station 


•  Omitted  from  the  average. 

There  was  only  one  comment  on  this  part  of  the  work,  and  that  was  by  Mr.  J.  P. 
Street;  who  says :  ''  I  had  considerable  ditliculty  in  securing  good  results  in  the  meat 
scrap,  castor  pomace,  and  hoof  meal,  in  a  large  measure  due,  I  think,  to  their  mechan- 
ical condition/' 

These  remarks  probably  explain  the  reason  for  such  wide  variations  in  these  sam- 
ples, as  they  were  not  as  tine  as  they  should  have  been,  but  I  do  not  think  this  reason 
can  be  brought  against  most  of  the  others,  and  yet  the  variatitm  is  greater  in  some 
of  them. 

In  the  two  samples  of  blood,  the  variation  was  0.31  per  cent  in  No.  1  and  0.42  per 
cent  in  No.  10;  in  cottonseed  meal,  0.45  per  cent;  in  tankage,  0.36  per  cent,  and  in 
fisb^  0.63  per  cent. 

The  meat  scraps  show  a  variation  of  0.58  per  cent;  castor  pomace,  0.43  per  cent, 
and  hoof  meal,  0.38  per  cent. 
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(B)  DiGESTiox  OF  Organic  Nitrogen  by  the  Pepsin-Hydrochloric  Acid 

Method. 

The  method  used  iu  this  work  was  practically  the  same  as  that  used  hy  the  referee 
on  Ditrogen  for  1896  and  1897,  aud  is  given  in  the  proceedings  of  the  association  for 
1896,  page  23. 

Table  II. — Eesulta  on  digestion  of  organic  nitrogen,  hy  different  analysts. 


AnalyBts. 


C.  H.  Jones  nmX  B.  O.  White,  Vt.  Sta- 
tiou 

T.  C.  Trescot,  V.  S.  Dept.  of  Agr 

B.  L.  Hartwell.  R.  I.  Station 

H.K.Miller,  N.  C.  Station 


5 

Q 

P.ct. 

I 

1.19  I 
L13 

.91  I 


I  5_: 

III 


**  r- 


1^ 


s 


1  .1 

5  "^ 


.98 


F.  S.  Shiver,  S.  C.  Station 

"NV.  B.  EUett,  Va.  Station 


I  , 


I 

0.70 
.70 
.72 

LOO 

I  •'" 

'       .74 


I 
P.  ct.  ,  /*.  ct.    P.  ct.  I  p.  et.   P.  et. 


I  1.07 

;  L12 

i  LOO 


.81 
.76 


!  L36 

I  L33 

'  1.43 

|)L64 

L47 

I  1.48 

I' 1.53 

L29 

L34 


2.81 

I  2.90 
I  2.67  I 
|.3.38| 
!  2.90 
I  2.88 

2.77 
l'2.46 

2.35  I 


Average . 


1.04       .74     1. 


L78 
1.82 
1.84 
2.03 
1.92 
1.96 
1.90 
1.83 
1.79 


1  L19 
L22  I 
1.22 


1.30 
L34 
L28 
L51 
L42 


3.32 
3.29 
IL56 
3.90 
3.36 
3.37 
3.24 
2.85 
3.00 


/*.  ct. 

0.07 
.07 
.11 


P.et.  \P.ct 


9.52 
9.66 


1.02 
I      .96 
'.72 


I 


.11 
.13 
.06 
'.56 
'.58 


9.80 
9.86 
9.80 
'9.06 
•9.12 


2.82 


1. 87  {  L  31  I  3.  29  I     .  09  i    9. 73 

I  I 


«.iO 
.82 
.96 
1.04 
1.00 


.97 


'  Omitted  from  average. 

As  a  whole,  the  results  by  this  method  are  very  good  with  one  or  two  exceptions. 
One  very  discordant  resiilt  obtained  in  leather  maj'  be  explained  by  the  followmg 
note  by  Dr.  Wiley  as  to  the  manner  in  which  the  method  was  carried  out  in  his 
l.'iboratory : 

Inasmuch  as  our  laboratory  is  in  temporary  quarters  it  was  not  possible  to  make 
the  determination  of  pepsin-indigestible  nitrogen  in  precisely  the  way  specified  in 
your  circular  of  instructions.  Our  results  obtained  by  this  method  are  therefore 
lacking  in  value.  It  will  be  intcrestiug,  however,  to  note  what  ditl'erence  this  varia- 
tion of  method  has  caused  in  the  results. 

The  digestion  period  extended  for  a  much  longer  time  than  you  directed.  The 
samples  were  weighed  aud  placed  in  the  water  bath  at  9  a.  m.  on  Wednesday,  and 
the  heating  was  continued  for  eight  hours  on  that  day,  when  the  flasks  were  removed 
from  the  water  bath  and  placed  in  an  ice  box.  On  Thursday  the  flasks  were  returned 
to  the  water  bath  at  9  a.  m.  and  the  heating  continued  for  eight  hours,  when  they 
were  returned  to  the  ice  box.  On  Friday  the  flasks  were  returned  to  the  water  bath 
and  heated  for  seven  hours,  when  they  were  again  returned  to  the  ice  box.  On 
Saturday  morning  the  flasks  were  placed  in  the  water  bath  and  heated  for  one  hour, 
when  their  contents  were  Altered  and  the  determination  completed  according  to 
your  directions. 

The  2  cc  portions  of  10  per  cent  hydrochloric  acid  were  added  to  the  flasks  at  the 
end  of  the  second  and  fiftli  hours  as  you  directed.  The  portions  whicli  you  directed 
to  be  added  at  the  close  of  the  eighth  and  eleventh  houra  were  added  on  Thursday 
at  9  a.  m.  aud  at  noon,  respectively.  Vou  will  note  that  the  total  period  of  diges- 
tion in  the  water  bath  is  exactly  twenty-four  hours,  as  you  directed,  but  that  in 
addition  to  this  the  digestion  proceeded  for  forty-niue  hours  while  the  flasks  were 
contained  in  the  ice  box. 

It  is  worthy  of  notice  that,  with  the  exception  of  the  result  in  leather  aud  a  slight 
variation  in  bh)od,  the  results  obtaiued  under  these  conditions  are  excellent. 

For  convenience  of  C()mi)arison.  the  referee  has  calculated  the  pe>  cent  of  availa- 
bility by  this  method  aud  the  data  obtained  are  giveu  in  Table  No.  III. 
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Table  III. — Availability  of  organic  nitrogen. 


1   1 


Analyst. 


5        ® 


§1      = 


H      ;:; 


;s 


I 


1 

1 

1 

r« 

o 

V. 

y 

1 

1 

P.  et.  ,  P.  ce. ,  p.  et.  \  P.  et.   P.  ct.   P.  et.  \  P.  ct.    P.  et.  I  P.  ct.    P. 


0.\r.KBight,M6.  Station '  88  gs'jSl- 13  ><»-65»97.13 '52.36  77.19   55.46'39.59   »26.43   92.20 

C.H.JoBesamlB.O.  White,  TtSta-         "     y9l''67. 66 -97.61  .54.61;  77.19  55.74.39.59  »28.19  90.9« 

tlon I  88.24   90.90   76.40;  65.95'  50.9ll  77.  Is]  53.50   98.15     35.72   92.27 

T.C.Tre8COt,r.S.Dept.of  Agr 90. 88   90. 32|  75. 17   66.87|  60.00J  77.37''77.42  97.12[    Lost..  94.37 

B.  L. Hartwell,  R. I. Station I '86.72  » 72. 13  > 58.93'  56.06 |i43.72'. 


H.  K.  Miller,  N.  C.  Station 

F.  S.  Shiver,  S.  C.  Station 

W.  B.  Ellett,  Va.  Station 


,  ,  ,  I 

90.07   90.84  75.58  66.00  58.64   76.43   52.40   96.91     34.38  94.18 

89. 30,  89. 71  74. 63  68. 12  60. 08,  76. 60   53. 7l!  88. 46     34. 62   92. 61 

89. 23   89. 35'  77. 40  71. 10  60. 31 '72.  50|  57. 23  '85.  Oo'     37. 79*  92. 15 


Average 89.43   90.69   75.72   67.61   59.17   76.99   54.07   97.66 

Vegetation  culturea I  68.00   74.00   61.00   69.00 '  72. 77!  13.80  64.0o' 

I        '        ,        i  1        I        : 


35.  63   92. 68 
67.00,  90.30 


1  Omitted  from  average. 

The  variations  noticed  in  the  last  table  appear  niiich  more  pronounced  here.  For 
instance^  bone  meal  sliows  a  variation  in  the  last  table  of  0.53  per  cent ;  this  becomes 
in  this  table  a  variation  of  13  per  cent.  But  even  taking  this  into  consideration  I 
do  not  think  we  could  say  that  the  results  are  good,  and  in  some  material  it  would 
appear  that  this  method  in  the  hands  of  difterent  analjKts  will  not  give  concordant 
results. 

I  should  say^  perhaps,  in  justice  to  the  criticisms  made  in  the  last  table,  where  it  was 
stated  that  the  results  with  few  exceptions  were  good,  that  there  appear  in  this  table 
two  sets  of  results  which  do  not  occurin  the  former  one.  In  the  case  of  blood  the  results 
are  all  that  could  be  expected.  Cottonseed  moal  and  castor  pomace  are  good.  Dried 
fish  givcH  an  extreme  variation  of  39  per  cent;  bone  gives  59  per  cent,  and  leather 
gives  34  per  cent.  The  hoof  meal,  meat  scraps,  and  tankage  are  f^ir.  The  extreme 
variation  occurring  in  hoof  meal  is  about  11  per  cent.  Eliminating  the  results  that 
cause  such  wide  variation  from  the  average.s  and  comparing  these  averages  with  the 
results  obtained  by  vegetation  tests  on  materials  of  a  similar  character,  they  show 
very  clearly,  what  is  already  known  iu  regard  to  this  method,  that  in  such  materials 
as  hoof  meal  and  leather  it  does  not  give  their  true  availability. 

The  results  obtained  uoder  vegetation  cultures,  except  in  the  case  of  steamed 
leather  and  dried  blood,  are  those  obtained  by  Dr.  Jenkins.  In  the  case  of  leather 
and  sample  No.  10  of  dried  blood  the  results  are  from  Dr.  Wheeler. 

(C)  Digestion  of  Organic  Nitrogkn  by  the  Pekmanganate  of  Potash  Method. 

The  pepsin  method  is  exceedingly  valuable  as  a  means  of  detecting  inferior  forms 
of  organic  nitrogen ;  but  one  great  objection  to  it  is  that  it  consumes  a  great  deal  of 
time,  and  also  that  it  can  not  be  relied  upon  entirely  as  a  means  of  determining  the 
true  value  of  the  various  forms  of  nitrogen  to  plants. 

The  need,  therefore,  of  a  process  that  will  determine  quickly  and  more  satisfactorily 
the  availability  of  organic  nitrogen  as  plant  food  has  led  to  the  suggestion  that 
various  solutions  of  potassium  permanganate,  alone  or  with  the  addition  of  acid  or 
alkali,  be  used. 

Considerable  work  was  done  on  these  methods  last  year  by  the  referee  and  others, 
which  tended  to  show  them  unsatisfactory  in  not  giving  concordant  results.  This 
seems  to  be  the  most  serious  objection. 

If  some  modification  of  one  of  these  methods  can  be  devised  by  which  this  objection 
can  be  eliminated,  that  method  would  be  a  very  valuable  one,  especially  iu  regard 
to  time,  and  from  present  indications  would  agree  more  closely  with  the  vegetation 
tests  than  the  pepsin  method.    In  the  following  two  tables  are  found  the  results 
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obtained  by  the  method  proposed  for  trial  this  year.     This  method  was  suggested  by 
the  referee  of  last  year,  and  is  as  follows: 

Method :  Place  1  gram  of  sample  in  a  150  cc  flask,  add  100  cc  of  a  2  per  cent  solu- 
tion neutral  permanganate  of  potash  solution,  and  place  in  water  bath  for  thirty 
minutes.  The  water  bath  is  kept  at  the  boiling  point.  At  the  end  of  the  thirty 
minutes  dilute  and  filter  through  a  folded  filter,  wash  several  times,  and  determine 
nitrogen  in  residue  by  the  Kjeldahl  method. 

Table  IV.  —  Percentage  of  nitroyen  in  residues  after  digestion  vfith  permanganate  of 

potash. 


Analyst. 


1    1 


'• 

s 

i 

1 

1 

^ 

>.  ?, 

a 

1 

1 

■  i^ 

|Sg, 

8 

o 

1 

fi 

1  * 

r  1 

s 

X 

■  <5 

P.et.    r.ct.    P.et.    P.et., 


1.14     0.72     1.35 


F.  Tliompson, N.  Y. Station., 


C.  H.  Jones  and  B.  O.White,  Vt  Sta- 
tion  V 

T.  C.  Treacot,  I'.  S.  Dept.  of  Agr 

B.  L.  Hartwell,  R.  I.  Station 


P.  et. 
1.79 


1.15  I     .72     1.41  I  1.73     1.29 


P.et. 
3.62 
.56 
.72 
2.80 
3.^ 
3.44 


Pet. 


1.92 


1.06 


n.  K.  Miller,  N.  C.  Station  . 


.87  1.66 

.74  :  1.65 

fl.06  '  1.50  I 

il.Ol  1.66 


I  .45 
.42 
.47 

.64 
.78 


J.  P.  Street,  X.  J.  Station .... 
F.  S.  Shiver,  S.  C.  Station 
W.  B.  Kllelt,  Va.  Station. . . 

A.  T.  Eskridge,  Ta.  Station 


il.  28  1. 88 

1.29  1.71 

1.28  '  1.70 

F.  S.  Shiver,  S.  C.  Station [    .31  .47 

.70  1 

.  .78  ]'■*' 

\,   .73  •, 

\   .67  /l'«2 


.87 
.23 

.63  I 

.71  i 

r  .60  I 

\   .74  ' 


.80 
1.46 

j  .85 

1.41 
'  1.20 

.99 
1.12 
1.05 

.57 

.89 
.78 


.38 

1.09 

.32 

63 

67 

91 

.93 

1.09 

1.01 

.04 


1.148   3.57 

.966 

1.18     3.26 

.86 

.96     3.55 

.56 

1.32 
1.29 


I  , 


3.74 
3.64 

3.83 


1.64! 
1.47  I 


1.43 

1.36  3.71 

1. 39  3. 77 

.92  3.02 

I  ■ 


1.06 
1.05 
1.05 
1.03 


P.et. 
2.53  I 
3.53  I 
4.58  , 
4.67 
6.35 
7.20 

.81 
2.05 

2.88 
2.47  I 

2.87 
2.33 
2.60  '' 
1.97 


.42  1.06  !  3.59 
.54  ■  .92  3.35  , 


.95   1.84  ; 

.  78  j  1. 75 


P.eL 


1.39 


1.47 


.69 

2.50 

.71 

1.87 
2.10 

1.54 
1.65 
1.59 
.59 

.87 
.86 


.44 
.45 


1. 06  3. 53 
.89  3.48  ! 


.89 
.84  ' 


1.76 
1.62 


Table  V. — Availability  of  nitrogen  as  determined  by  permanganate  uf  potash. 


Analyst. 


1       I 


o 
O 


'  P.  ct.  P.  et. 

.    ,  ,.  >.     r,      .  f  01.83  91.63 

A.J.  Paltcu,  Me.  Station { 

\  90.80  89.40 

/ 86.96 

O.  W.  Knight,  Me.  Station { 

I  92.  65  85. 66 

r.  Thompson,  N.  Y.  Station ft3. 87  85. 06 

C.  H.  Jones  and  B.  0-  White,  Vt.  Sta-  j 

tion 9.3.20  89.08 

T.  C.  Trescot,  V.  S.  Dept.  of  Agr  . . . .  !    91.  28  77. 69 

B.  L.  Hartwell.  K.  I.  Station '    93. 38  78. 09 

H.  K.  Miller.  N.  C.  Station |    89. 57  79. 26 

J.  P.  Street,  X.J.  Station ...I    80. 90  76.10 

F. S. Shiver,  S.  C.  Station 96.90^  93.88 

W.  B.  Ellett,  Va.  Station '    92. 78  78. 4 1 

A.  T.  Eskridge,  Ta.  Station I    92. 98  78. 90 


«9  — 

P.  ct.  P.  et.  \ 
89.75  90.20 
89.43  89.97 
02.87  89.87 
91.2l|  85.44 
87.84'  83.33 

92.13  90.48 
92.  7t  81.89 
92.02  89.67 
88.61   84.70 


.S  B 


§^ 


P.et. 
87.65 
84.42| 
89. 04 1 
89.04 


P.  et. '  P.  et.  1  P.  ct. 
77.  C6'  55.01'  64.96 
76.  20'  53.60   6L86 


P.et 


).73 


"5>.38u„  „„r75.26k  'f' 

8L57H-^,{76. 82^^34  {, 


P.et. 

^89.90 
89.05 
95.75 
96.83 


63.20  77.01   65.711  73.88  67.41   88.88 

9L54  78.26   49.07j  74.41J  94.57  94.67 

76.30  78.10'  52.82'  77.49:  86.04   80.44 

93.07  82.73   48.771  85.57, 94.51 


88. 25   76,  79,  47. 88  60. 051  82. 11   84. 75 

85.00,  87.40  76.80   75.80   45.  lU   72.70  82.30*  87.40 

16  83.18'  56.86  73.52   86.85   95.46 

54   81.36  49.64j  77.37  87.75   93.27 

90.13   81.36|  49.13'  77.37!  88.50   93.47 


96.19  93.45 
88.45  89.8?' 
88.45   00.33 
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NOTES   BY   THE   ANALYSTS. 

A.  J.  Patten. — Heated  the  flasks  half  au  hour  in  steam  bath,  shook  thorn  three 
times  at  intervals  of  ten  minntes,  washed  with  about  300  cc  of  hot  water. 

().  jr.  Knight.— In  the  permanganate  method  the  residue  was  washed  ^vith  400  cc 
hot  distilled  water.'  The  material  was  shaken  three  limes  at  intervals  often  minutes 
during  the  digestion.  Found  the  sample  of  dried  blood  very  hard  to  wash  after 
digestion. 

L.  L.  Van  Slyke.— The  results  in  7  and  9  are  very  variable.  You  notice  that  Mr. 
Thompson  took  all  possible  precaution  to  secure  uniformity  in  treatment.  In  his 
hands  the  method  is  worthless  for  these  materials. 

H.  W.  Wiley. — In  treating  sample  No.  7  by  the  permanganate  of  potash  method,  it 
was  found  at  the  end  of  the  period  of  digestion  that  the  permanganate  color  had 
been  entirely  destroyed.  Therefore  a  second  determination  was  made  by  this 
method  of  the  indigestible  nitrogen  in  this  sample  and  also  in  No.  10;  but  in  this 
case  200  cc  of  permanganate  of  potash  solution  were  used  instead  of  100  cc.  Using 
this  large  excess  of  permanganate  of  potash,  the  results  were  very  much  lowered, 
viz,  1.40  per  cent  for  sample  No.  7  and  0  85  per  cent  for  sample  No.  10.  The  100  cc 
portion  of  permanganate  was  not  entirely  discolored  in  the  case  of  sample  No.  10, 
but  the  determination  was  repeated,  using  the  larger  quantity,  because  of  the  high 
percentage  of  indigestible  nitrogen  found.  These  results  indicate  that  a  variation 
in  the  excess  of  ])ermanganate  of  potash  used  causes  a  very  considerable  variation 
in  the  results  obtained. 

B,  L,  Hartwell. — It  was  interesting  to  note  that  in  some  of  the  filtrates  from  the 
permanganate  treatment  the  color  of  the  permanganate  had  entirely  disappeared. 
This  was  noticed  in  regard  to  numbers  2,  4,  7,  and  10.  The  filtrate  from  the  leather 
was  brown,  and  upon  testing  it  with  dipheuylamin  I  found  that  it  gave  no  reac- 
tion for  nitrates  and  nitrites.  In  this  respect  it  dilfered  from  the  filtrates  in  the 
case  of  the  other  materials. 

B.  K.  Miller. — In  the  case  of  the  No.  7,  I  noticed  that  all  the  permanganate  was 
reduced,  and  then  made  a  determination,  using.  150  cc  instead  of  100  cc,  and 
obtained  a  lower  result  for  nitrogen  in  the  residue. 

J.  P.  Street. — I  found  it  very  difficult  to  remove  all  the  material  from  the  small  150 
cc  flask,  and  I  attribute  my  wide  results  in  one  or  two  ca.ses  to  that  exclusively.  I 
also  lost  some  of  my  leather  determination,  the  flask  being  too  small  to  allow  for  the 
expansion  of  the  liquid  in  heating. 

By  an  examination  of  Table  IV ,  it  will  be  seen  that  there  is  a  great  lack  of  agree- 
ment in  the  results  obtained  by  the  diflerent  .analysts,  and  in  some  materials  it  seems 
almost  impossible  to  obtain  concordant  results  in  the  same  laboratory. 

The  variations  were  so  great  in  both  of  these  tables  that  it  was  impossible  to 
attempt  to  make  up  the  averages.  In  one  or  two  cases  it  might  have  been  possible. 
In  cottonseed  meal  there  are  thirteen  determinations;  of  this  number  seven  are 
within  6  per  cent  of  each  other,  and  six  are  within  3  per  cent,  but  the  variation 
between  these  two  sets  is  17  per  cent. 

If  we  should  eliminate  those  results  which  show  the  greatest  variation  and  average 
the  others,  the  results  would  approximate  more  nearly  to  the  vegetation  tests  on 
similar  substances,  and  come  nearer  to  the  truth  in  regard  to  hoof  meal  and  leather 
than  the  pepsin  method. 

It  is  possible  that  the  great  variation  in  the  method  is  due  to  the  fact  that  it  is 
almost  impossible  to  keep  all  the  material  down  in  the  solution  while  the  digestion 
is  going  on.  Some  of  the  substances  have  a  tendency  to  rise  to  the  top  of  the  solu- 
tion as  soon  aa  the  action  begins  in  the  flask.  If  this  be  shaken  down  some  particles 
are  left  on  the  sides,  and  these,  of  course,  arc  not  acted  upon  to  the  same  extent  as 
the  rest  of  the  substance.  This  was  noticed  especially  in  case  of  leather  and  castor 
pomace. 
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This  tendency  to  rise  in  the  flask  caused  the  loss  of  several  determinations  of  both 
of  the  materials  in  onr  laboratory,  and  Mr.  J.  P.  Street  reports  that  he  lost  several 
of  his  determinations  in  leather  on  this  account.  This  caused  Mr.  Street  to  try  the 
following  modification  of  this  method:  Instead  of  the  150  cc  flask  he  used  a  500  cc, 
and  carried  out  the  digestion  on  a  steam  bath  for  thirty  minutes.  The  other 
details  were  the  same.  He  makes  the  following  remarks  in  this  modification:  ''As 
my  results  show,  whether  the  flask  is  above  the  water  bath  or  immersed  in  the  boil- 
ing water  seems  to  make  little  difference;  in  fact,  the  (B)  results  show  a  slightly 
higher  availability." 

These  results  are  as  follows : 


Substance. 

Insoluble  ni- 
trogen in  per- 
manganate 
solution. 

AvailabU-  1 
ityofnitrp- 
gen  in  per- 
manganate j 
sol  at  ion.    | 

Substance. 

Insoluble  ni- 
trogen in  per- 

solution. 

Availabil. 
ity  of  nitro- 
gen in  per- 
manganate 
solution. 

Dried  blood 

Cottonseed  meal 

Tankage  

Per  cent. 
1. 03, 1. 03, 1. 03 
1. 54, 1. 43, 1. 48 
0.  R5.  Q.  HR.  0.  88 

Per  cent. 
89.40 
80.20 
85.20 
85.70 
79.60 

Castor  pomace 

St€.amed  leather 

Bone  meal 

Per  cent. 
1. 54, 1. 51, 1. 52 
3.21,3.48,3.34 
1.34,1.30,1.32 
2,25,2.28,2.26 
1,34.1.22,1.28 

Per  cent. 
73.60 
51.30 
65.60 

Dried  fish i .  o«.  i .  31 .  i .  19 

Hoof  meal 

84.60 

Meatserap 

0. 85, 0. 93, 0. 89 

Dried  blood 

90.00 

Mr.  J.  M.  Bartlett,  of  the  Maine  Station,  submitted  the  results  of  work  done  by 
this  method  in  samples  of  fertilizers,  as  follows: 

No.  1.  A  fertilizer  in  which  one-half  of  the  nitrogen  is  from  blood  and  one-half 
from  leather. 

No.  2.  A  fertilizer  in  which  one-half  of  the  nitrogen  is  from  blood  and  one-half 
from  hoof  and  bone  meal. 

No.  3.  A  fertilizer  containing  considerable  hair  and  wool. 

Nos.  4,  5,  .6,  7,. and  8  are  five  samples  of  fertilizers  analyzed  in  his  laboratory. 


Number  i 

of        I 


Total 
nitrogen. 

Digestible 
nitrogen  by 

permanga- 
nate method. 

Per  cent. 

Per  ceiit. 

3.08 

65.48,   67.53 

3.01 

91.36,   89.86 

3.17 

86.43,   90.53 

2.40 

77.92,   77.08 

Digestible 
Total     I    nitrogen  by 
nitrogen.       permanga- 
nate method. 


Per  cent. 

Per  cent. 

1.71 

76.61,  81.28 

3.14 

81.84,  80.89    1 

4.12 

94.17,   94.90    ' 

4.47 

93.74,   91.05    ! 

Nos.  1  and  2  were  made  up  in  the  laboratory  with  dissolved  South  Carolina  rock 
and  the  nitrogen  from  sources  mentioned. 

The  presence  of  leather  as  a  source  of  the  nitrogen  in  No.  1  is  very  clearly  brought 
out  in  the  comparison  of  the  results  given  in  this  table  for  Nos.  1  and  2. 

There  is  another  point  in  the  manipulation  of  this  method  which  it  would  be  well 
to  call  attention  to,  and  that  is  the  filtering  of  the  substance  after  digestion.  Some 
filter  very  rapidly  and  well,  others  are  very  troublesome,  and  there  is  a  tendency  of 
the  very  fine  particles  to  run  through  the  filter.  This  was  noticed  in  blood,  and  to 
some  extent  in  leather  and  cottonseed  meal.  This  would,  of  course,  be  another 
source  of  variation  in  the  results. 

The  various  difiicalties  that  were  encountered  in  working  with  this  method, 
and  also  the  time  consumed  in  filtering  and  washing,  etc.,  led  the  referee  to  try  a 
modification  of  the  alkaline-permnugauate  metliod  in  the  hope  that  it  might  be 
possible  to  eliminate  errors  and  also  save  time  in  manipulation.     The  plan  was  to 
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use  the  same  amonnts  of  organic  oitrogen  with  each  determination  instead  of  the 
same  amount  of  material.  The  solntion  used  consisted  of  100  cc  of  a  3  per  cent 
permanganate  solution  and  100  cc  of  a  solution  of  sodium  hydrate  (containing  600  cc 
of  a  saturated  solution  of  sodium  hydrate  in  1  liter).  After  the  solutions  had  been 
added,  the  flasks  were  connected  with  the  disfcilling  apparatus  and  boiled  verj*  gen- 
tly, without  distilling  any,  for  thirty  minutes.  At  the  end  of  this  time  the  temper- 
ature was  increased  and  the  solution  distilled  as  in  regular  nitrogen  work. 

Availabiliiy  of  organic  nitrogen  in  alkaline  permanganate  solution  nsing  equal  amounts 

of  nitrogen. 


Substance. 


On  a  7  per  cent 
nitrogen  basis 
nnd  3  per  cent 
permanganate 
solution. 


On  a  5  per  cent 
nitr«>f;en  basis 
and  3  per  cent 
permanganate 
solution. 


Soluble 
nitrogen. 


{   Availa- 
I       ble 
I  nitrogen. 


Soluble  I 


Availa- 
ble 


Ayaila- 
bility  by 

vegeta- 
tion 
cultures. 


I  nitrogen.  ^Hrogen 


,  Per  cmt. 

\  6.61 

Dried  bloo<l < 

I  6.93 

{  3. 30 

Cottonsee<l  meal { 

I  3.39 

/  4.35 

DriedfiHh {  ,  _ 

I  4.05 

^r                                                                                           f  3.0^ 

Meat  scraps i 

Castorpomace |  • 

f  3.26 

Steamed  leather 

I  3.02 

«                 ,                                                                                'r  2.88 

Bone  meal { 

\  2.32 

«     *         ,                                                                               r  n.71 

Hoof  meal 

'  11.74 

Driwl  blood '(  ^'*^ 

,1  9. 18 


Per  cent. 
67.28  I 
70.21 
43. 42 
44.61  I 
61.80 
57.72  , 
52. 10  j 
48.50  I 
66.67  I 
68.  01  I 
74.91 
74.54  , 
46.84  I 
43.40  ' 
75.20 
00.60  I 
79.01  j 
79.22 
73.22  ! 
71.05 


Pfr  cent, 

8.06  \ 
8.12  j 
5.04 
5.04  I 
4.58  ' 
4.52 
6.72  I 
6.56 
3.50 
3.49 
4.66 
4.36 
3.50 
3.60 
3.02 
3.14 
11.98 
12.23 
10.36 
10.33 


Per  cent. 
82.27 
81.66 
66.30 
66.30 
77.76 
76.74 
80.48 
78.66 
77.71 
75.54 
85.96 
80.44 
50.29 
51,72 
78.85 
81.08 
80.84 
82.  52 
80. 19 
80.00 


Per  cent. 

\        68.00 

}  74.00 
I  61.00 
\        69. 00 


}  72. 77 

I  13. 80 

I  64.00 

\  67. 00 

}  90. 30 


Another  neries  of  dcterminntions  was  run  in  the  same  manner,  but  a  2.5  per  cent 
solution  of  permanganate  was  used  and  a  smaller  quantity  of  nitrogen  employed. 

In  the  following  table  are  found  the  two  series  of  results  obtained  by  the 
modification. 

The  results  in  the  series  of  the  3  per  cent  permanganate  solution  used  were 
obtained  by  Mr.  W.  B.  EUett,  and  those  when  the  2.5  per  cent  solution  was  used 
were  obtained  by  Mr.  A.  T.  Eskridge. 

The  method  gave  very  little  trouble  in  carrying  it  out. 

In  one  or  two  cases  there  was  a  little  bumping  at  6rst,  but  this  did  not  last  long. 
So  far  as  can  be  Judged  from  the  few  determinations  made,  it  appears  to  be  possible  to 
obtain  good  duplicates.  The  inability  to  do  this  has  been  the  chief  objection  hereto- 
fore raised  against  the  alkaline-permanganate  method.  Whilst  the  results  do  not 
agree  very  closely  with  the  vegetation  tests  they  do,  with  one  exception  (cottonseed 
meal),  show  the  relative  availability  of  the  diflerent  forms  of  nitrogen. 

With  the  results  received  from  the  Vermont  Station  there  was  also  received  from 
Mr.  0.  H.  Jones  a  series  of  results  obtained  by  a  modification  of  the  alkaline-per- 
manganate method.    The  permanganate  solution  used  by  Mr.  Jones  consisted  of  16 
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grams  of  potassium  permanganate  and  150  grams  of  sodium  hydrate  to  the  liter; 
100  cc  of  this  Bolntiou  were  used,  and  the  digestion  was  for  one  hour  at  a  temperatnre 
below  the  boiling  point.  At  the  end  of  that  time  the  distillation  was  allowed  to 
proceed  for  one  hour,  ^he  quantity  of  material  used  in  each  case  was  on  a  basis  of 
4.5  per  cent  of  nitrogen. 

The  results  obtained  by  Mr.  Jones  are  as  follows : 

Alkaline  jycf'manfjanaie  in  a  4.5 per  cent  nitrogen  basis. 


Substauce. 


Dried  blood 

Cottonseed  meal  . 

Tankage 

Dried  ftsh 

Meat  scraps 

Castor  pomace 

Steame<l  leather.. 

Bone  meal 

Hoof  meal 

Dried  blood 


I  Nitrogen     Gramn 
■  content.       used. 


Equiva- 
,  lent  to 
.  nitrogen. 


Per  cent. 

0.90  I 

7.74  ! 


I 


0.45 
.55 


Nitrogen.; 


Availa- 
bility. 


0.71 

.80  ' 

1 

8.36 

.55 

4.50 

1.00 

5.33 

.85 

• 
7.00 

.65 

3.82 

1.20 

14.93 

.30 

13.08 

.35 

Per  cent. 
4.46 

4.49 

4.57 

4.60 

4.50 

4.53 

4.55 

4.58 

4.48 

4.58 


Per  eeiU. 
2.55 
2.58 
2.08 
2.03 
2.52 
2.59 
2.55 
2.60 
2.80 
2.90 
2.47 
2.51 
1.67 
1.7i| 
3.18  ! 

a.  28  ' 

3.15  I 
3.15  I 
2.78  ' 
2.80 


Per  etmt. 
57.2 
57.8 
46.3 
45.2 
55.1 
56  7 
55.4 
56.  G 
62.2 
64.4 
54.5 
55.3 
36.7 
38. » 
68.4 
71.5 
70.3 
70.3 
60.7 
61.1 


^Ir.  Jones  makes  the  following  comment:  ^'  I  send  you  the  results  obtained  by  a 
mod'fication  of  the  alkaline-permanganate  method  as  applied  to  your  samples. 
Fifty  per  cent  is  our  dividing  line;  above  50  we  cull  good  and  below  50  questionable. 
Cottonseed  meal  runs  from  45  to  49,  bnt  pepsin-hydrochloric  acid  test  at  once  gives  a 
high  availability,  which  points  to  the  presence  of  cottonseed  meal.  Very  few  of 
our  fertilizers  contain  cottonseed  meal,  and  the  modification  need  not  be  condemned 
simply  because  it  fails  on  such  material,  bnt,  as  it  is  quicker  as  regards  time  than 
any  of  the  others,  its  amplication  can  easily  sort  ont  all  suspicions  samples,  and  these 
can  be  tested  by  the        sin  method." 

These  results  obtained  by  the  alkaline-permanganate  method  are  exceedingly 
good,  and  tend  to  show  that  with  a  further  stmly  of  it,  especially  in  regard  to  the 
strength  of  the  permanganate  solution,  it  may  probably  become  a  reliable  method. 

(D)  DiGKSTio.N  OK  Okganic  Nitrogen  by  tde  Modified  Pkpsin-Hyduochi.oric 

Acid  Method. 

The  method  used  in  this  case  was  one  suggested  to  the  referee  by  Mr.  H.  J. 
Patterson,  of  Marylxind.  It  had  been  used  by  him  in  some  digestion  experiments  in 
food  stufi's  in  comparison  with  the  regular  pepsin  method,  and  he  found  it  gave 
more  concordant  results  than  the  pepsiu. 

It  was  recommended  for  trial  in  order  to  see  if  it  could  be  used  in  work  of  this 
kind,  and  also  whether  it  had  any  advantage  over  our  regular  pepsin  method  in 
obtaining  better  results  or  in  ease  of  manipulation. 
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Method :  Place  2  grams  of  sample  in  a  150  cc  flask ;  add  100  cc  of  a  0.33  per  cent 
hydrochloric  acid  solution;  add  to  the  solution  0.1  gram  of  Parke,  Davis  &  Co/b  pul- 
verized pepsin.  The  flasks  are  then  kept  for  twelve  hours  closely  corked  in  a  water 
bath,  having  a  constant  temperature  of  40^  C,  with  occasional  shaking.  At  the  end 
of  the  twelve  hours  the  contents  are  Altered,  washed  until  free  from  acid,  returned 
to  the  flask  with  100  cc  of  water,  0.15  gram  pancreatin  (Merck's),  and  0.3  gram  of 
sodium  carbonate  added,  and  the  whole  heated  again  for  trwelve  hoars  at  40^  C, 
with  occasional  shaking.  The  residue  is  filtered,  thorpughly  washed,  and  the  nitro- 
gen determined  by  the  Kjeldahl  method. 

The  results  obtained  by  this  method  are  given  in  Table  VI. 

Tabus  VI. — Organic  nitrogen  innohihle  in  modified  pepsin  solution. 


Analyst. 


^       1 

©      1 

1  i  Si  ,  « 

x> 

"C 

o              § 

^ 

O                H 

C.  H.  JoDea  and  B.  O.  White,  Vt.  Sta- 
tion  

F.S.  Shiver,  S.C.  Station 


P.ct. 
If  0.81  ; 
\  .67 


A.  T.  Eskridge,  Ya.  Station  . 


.63 


P.ct. 

0.18 
.25 
.16 
.27 
.28 


P.et. 
1.43 
1.30 
1.24 
1.00 
.05 


P.ct. 
2.73 
2.76 
2.18 
2.65 
2.74 


P.et. 
1.65 
1.62 
1.32 
1.51 
1.65 


u 

1 

1 

1. 

•a 

1 

1 

s 

1 

s 

1 

a 

•3 

1 

p.ct. 

p.ct. 

p.ct. 

P.  et. 

P.ct. 

1.11 

0.46 

2.28 

6.85 

0.33 

1.13 

.49 

2.24 

7.70 

.51 

1.09 

.31 

1.74 

7.97 

.51 

.94 

.44 

1.93 

8.48 

.59 

.60  '  1.92       8.49  ; 


.66 


JfailabiUty  of  organic  nitrogen  in  modified  pepsin  solution. 


Analyst. 


C.  H.  Jonefl  and  B.  O.  White,  Vt.  Sta- 
tion  

F.  S.  Shiver,  S.  C.  Station 

A.  T.  Eakridge,  Va.  Station 


®  a 


s 

i 

t 

s 

s 

1 

5   I  5 


s 


^ 

, 

J 

g 

s 

'     .a 

1 

1 

P 

P.  ct   p.  et.   P.  et  P.  ct.   P.  et. ,  P.  et.   P.  et.   P.  et. 


92.49  97.14  76.05  67.26  64.69  79.01  93.15'  40.37 
95.20  97.92  79.44  74.91  72.27|  80.07:  95.57.  56.27. 
92.38   96.35|  83.10,  67.35,  65.35  83.05|  92.46  49.21j 


P.et. 

P.ct. 

51.21 

95.98 

46.83 

96.16 

42.24' 

95.16 

Results  by  this  method  were  received  from  only  three  analysts,  so  that  perhaps  we 
are  not  justified  in  criticising  it. 

The  results  obtained  agree  fairly  well  and  compare  favorably  with  the  regular 
pepsin  method,  except  in  case  of  leather.  With  this  substance  the  method  is  worth- 
less, especially  on  account  of  the  action  of  sodium  carbonate  on  leather.  lu  addi- 
tion to  this  serious  objection,  the  method  is  not  likely  to  be  used  very  oft«n  on 
account  of  the  trouble  of  manipulation,  requiring,  as  it  does,  two  digestion  periods 
of  twelve  hours  each,  making  it  very  inconvenient  to  attend  to,  and  also  two  filter- 
ings. The  filtering  is  very  slow,  in  some  cases  requiring  two  or  three  filters  and 
one  or  two  days'  time. 

This  subject  of  the  availability  of  organic  nitrogen  has  been  very  thoroughly 
studied  at  the  Vermont  Station,  a  large  amount  of  work  having  been  done  with  the 
permanganate  of  potash  method,  especially  the  alkaline  permanganate. 

The  materials  used  represent  samples  from  nearly  all  the  sources  of  organic  nitro- 
gen, as  well  as  samples  of  fertilizers  containing  various  mixtures.  The  results  of 
these  investigations  are  published  in  the  Inst  aunnal  report  of  the  station.  A  copy 
of  this  part  of  the  report  is  nt  hand  and  can  be  seen  by  anyone  wishing  to  do  so. 
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The  only  recommendation  which  your  referee  wishes  to  make  on  the  subject  is 
that  the  permanganate  of  potash  methods  for  the  determination  of  the  availability 
of  organic  nitrogen  be  farther  studied  next  year,  especially  some  modification  of  the 
alkali ne-permauganato  method. 

After  twenty-four  hours  digestion,  filter,  wash  four  or  five  times,  using  20  to  30  oc 
of  water  for  each  washing,  and  determine  nitrogen  by  the  Kjeldahl  method  in  the 
washed  and  dried  residue. 

PERMANGANATE   OF  POTASH  METHOD. 

Weigh  1  gram  of  sample  into  a  150  cc  flask,  add  100  cc  of  a  2  per  cent  neutral 
permanganate  of  potash  solution,  and  place  in  a  water  bath  for  thirty  minutes. 
The  water  bath  is  kept  at  the  boiling  point.  At  the  end  of  the  thirty  minutes  dilute 
and  filter  through  a  folded  filter,  wash  several  times,  and  determine  nitrogen  in 
residue  by  Kjeldahl  method. 

MODIFIED  PEPSIN-HYDROCHLORIC  ACID  METHOD. 

Weigh  2  grams  of  sample  into  a  150  cc  flask,  add  100  cc  of  a  0.33  per  cent  hydro- 
chloric acid  solution;  add  to  this  0.1  gram  of  scale  pepsin.  The  flasks  are  then  kept 
for  twelve  hours  loosely  corked  in  a  water  bath  having  a  constant  temperature  of 
40^'  C,  with  occasional  shaking.  At  the  end  of  the  twelve  hours  the  contents  are 
filtered,  washed  until  free  from  acid,  returned  to  the  flask  with  100  cc  of  water,  0.15 
gram  pancreatiu  (Merck's),  and  0.3  gram  of  sodium  carbonate  added,  and  the  whole 
heated  again  for  twelve  hours  at  40^  C,  with  occasional  shaking.  The  residue  is 
filtered,  thoroughly*  washed,  and  the  nitrogen  determined  by  the  Kjeldahl  method. 

At  the  conclusion  of  the  reading  of  the  report  the  president  called 
for  any  paper  on  the  subject.  None  being  offered,  the  discussion  of  the 
subject  was  declared  to  be  in  order. 

Mr.  0.  H.  Jones  reported  results  of  his  experiments  in  leather,  dried 
blood,  etc.  His  experience  led  him  to  believe  that  the  nitrogen  in 
leather  in  commercial  fertilizers  could  not  be  detected  in  quantities  of 
less  than  2  per  cent.  When  leather  is  treated  with  sulphuric  acid, 
which  is  the  usual  custom  before  mixing  it  in  fertilizers,  its  texture  is 
practically  destroyed  so  as  to  render  its  detection  extremely  diflficult. 
He  thought  the  permanganate  method  valuable  in  showing  those  sam- 
ples which  fall  below  50  per  cent  of  available  nitrogen,  and  these  could 
be  set  aside  for  further  testing  with  the  pepsin  method. 

Mr.  H.  J.  Wheeler  stated  that  in  comparative  tests  of  the  availability 
of  leather  and  dried  blood  in  vegetation  experiments  he  had  found  that 
about  19  per  cent  of  the  leather  and  90  per  cent  of  the  blood  were 
available  for  plant  nutrition. 

Mr.  Jones  thought  it  was  hardly  reasonable  to  require  a  method 
which  would  give  the  same  results  as  vegetation  experiments. 

Mr.  J.  A.  Myers  asked  Mr.  Wheeler  if  there  were  any  means  of  deter- 
mining the  degree  of  pulverization  of  the  leather. 

Mr.  Wheeler  replied  that  it  was  difficult  to  determine  the  degree  of 
pulverization  of  the  leather.  There  should  not  be  so  great  a  discrep- 
ancy between  the  methods.  This  sample  was  further  pulverized  before 
it  was  sent  out,  but  in  the  vegetation  tests  it  was  not  pulverized. 

The  President.  The  recommendations  of  the  referee  on  nitrogen 
will  be  referred  to  the  committee. 

The  president  then  called  for  the  report  of  the  referee  on  potash. 
The  report  was  read  by  the  referee,  Mr.  C.  H.  Jones. 
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EEPOET  ON  P0TA8E 

By  C.  H.  Jones,  Referee,  .ind  B.  B.  Ross,  Associate  Referee, 

The  methods  for  estimating  potash  have  been  quite  thoroughly  studied  by  this 
association  in  years  past,  so  far  as  potash  salts  and  fertilizers  are  concerned.  The 
applicability  of  these  methods  to  wood  ashes  and  cotton-hull  ashes  being  deemed  of 
considerable  importance,  the  referee  for  1898  was  directed  to  investigate  our  present 
methods  for  determining  K2O  as  applied  to  these  materials. 

PREPARATION  OF   SAMPLES. 

Two  samples  were  accordingly  prepared;  No.  1,  consisting  of  high  grade  wood 
ashes  obtained  from  Waterbury  Center,  Vt..  and  No.  2,  cotton-hull  asbes  from 
a  Connecticut  dealer.  Particular  care  was  used  in  collecting  and  storing  the  ashes 
from  which  No.  1  was  taken,  and  results  show  this  must  have  been  the  case.  A 
lower  grade  sample  containing  more  silicate  of  potash  would  have  been  preferable 
for  our  work. 

The  finely  ground  samples  were  carefully  and  independently  mixed  by  two  men, 
and  then  bottled  and  sealed.  Three  samples  from  each  lot,  selected  at  random  after 
bottling,  were  analyzed  in  the  Vermont  laboratory.  The  uniform  results  obtained 
would  indicate  perfect  mixing  of  the  original  materials. 

DIRECTIONS   FOR  WORK. 

Under  date  of  January  24,  1898,  circular  letters  wore  sent  to  interested  parties, 
stating  scope  of  work  and  requesting  cooperation.  Favorable  replies  were  received 
from  twenty  chemists  and  samples  were  sent  them  with  instructions  as  follows: 

Agricultural  Experiment  Station',  Burlington,  Vt. 

Dear  Sir  :  At  the  last  meeting  of  the  Association  of  Official  Agricultural  Chemists, 
the  referee  on  potash  was  directed  to  test  our  present  methods  for  determining  potash 
as  applied  to  wood  aslies  and  cotton-hull  ashes. 

Under  separate  cover  we  send  you  by  mail  samples  Nos.  1  and  2.  You  are  requested 
to  determine  the  potash  in  them,  following  instructions  here  given. 

Determine  moisture  on  2  grams  of  the  material  as  per  page  11,  Bulletin  46,  United 
States  Department  of  Agriculture,  Division  of  Chemistry. 

1.  Wat ei'  soluble  potash. — (a)  Determine  according  to  the  Lindo-(iladding  method 
for  fertilizers  described  (m  page  2,  Circular  No.  4,  United  States  Department  of 
Agriculture,  Division  of  Chemistry. 

(6)  Determine  as  per  optional  method  on  pages  2  and  3  of  Circular  No.  1. 

2.  Acid  soluble  potash, — (a)  Method  of  making  solution :  Place  5  grams  of  the  mate- 
rial in  a  250  cc  flask,  moisten  with  about  20  cc  IljO,  and  cautiously  add  20  ccof  HCl, 
sp.  gr.  1.20.  When  the  CO..  is  nearly  expelled  add  about  50  cc  of  H.O  and  boil  for 
30  minutes. 

(6)  Partially  cool,  add  slight  excess  of  ammonia  and  sufficient  powdered  ammo- 
nium oxalate  to  precipitate  all  the  lime  present.  Cool  and  make  to  2.50  cc.  Filter 
through  a  dry  filter  and  determine  K.O  as  per  Lindo-Gladding  method,  page  2, 
Circular  No.  4*. 

(c)  Make  solution  as  just  directed  by  treating  5  grams  of  the  material  with  HCl 
and  boiling.  Do  not  add  ammonia  and  ammonium  oxalate.  Dilute  with  H,.0,  cool, 
and  make  to  volume  of  250  cc.  Filter  through  a  dry  tilter  and  determine  KjO  as 
under  the  optional  method,  page  3,  Circular  No.  4,  using  25  ce  of  the  solution. 

3.  Make  blank  determinations  on  reagents,  using  amounts  as  reijuired  in  the 
actual  analysis. 

4.  Owing  to  the  danger  of  the  final  K.PtCl,  being  contaminated  with  silicic  acid 
you  are  requested  lo  make  sure  that  the  KjPtCIri  obtained  is  soluble  in  water,  by 
dissolving  the  salt,  drying  and  reweighing  the  crucible.  Use  Gooch  crucibles  for 
filtering  the  K,Pt;pl,;. 

5.  In  reporting  results  kindly  state  (1)  amount  of  material  employed,  (2)  total 
weight  of  K>:PtCl6  found,  (3)  weight  of  KjPtCl;  from  reagents,  (4)  increase  due  to 
silicic  acid,  if  any,  (5)  per  cent  of  moisture  found. 

Report  results  not  later  than  September  1,  1898. 

Yours,  truly,  C.  H.  Jones,  Refnef. 

B.  B.  Ross,  AnsocUttv. 
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RESULTS  OBTAINED. 

Results  have  been  received  from  the  following  chemists:  Mr.  A.  W.  Ogden,  Experi- 
ment Station,  New  Haven,  Conn. ;  Mr.  C.  C.  McDonnell,  Mr.  John  Thompson,  and 
Mr.  F.  S.  Sliiver,  Clemson  College,  South  Carolina;  Mr.  F.  P.  Veitch,  College  Park, 
Md: ;  Mr.  G.  E.  Patrick,  United  States  Department  of  Agriculture,  Washington,  D.  C. ; 
Mr.  Walker  Bowman,  chemist  for  the  Louisville  Spirit-Cured  Tobacco  Company, 
Loulsvillt*,  Ky. ;  Mr.  B.C.  White  and  Mr. C. H.  Jones,  Vermont  Experiment  Station, 
Bnrlington,  Vt. 

The  following  table  shows  in  detail  the  results  obtained.  The  percentage  of  K:0 
was  calculated  in  all  cases  by  the  referee  using  the  factor  .1939.  In  no  ease  was 
correction  made  for  bulk  of  undissolved  and  precipitat«^d  material. 

lieaults  of  potash  tcork  for  1S9S. 
WATER  SOLUBLE  POTASH,  WOOD  ASHES,  No.  1. 


Aoalyst. 


K,PtClfi 
I        aud 
^   I  impurities. 

5  I 


K,PtCl«        iDcreaae    ,  Corret'ted  , 

in  due  to  silica,  I     weiKhr, 

reageuta.  otc.  K«PtC]« 


Potasaium 
oxid. 


Or     ^       '     O 


nil 


C     1^ 


.2       —  ;s 


04 

1    o 


A.  W.  Ogden,  New  Haven,    P,et 

Conn 0.18 

.18 

C.  r.  McDonnell.  Clenison 
Collepe,  S.  C - 

Julin  Thompson,    Clemfion 
Collegf,  S.  C 

r.  S.  Shiver,  Clemaon  Col- 
lege, S.  C 

F.  P.  Veitch,  College  Park, 
Md 


iM 


B.  ().  White.  Burlington,  Vt. 


(7r.     Gr.      Gr.  |    Gr.      Gr.      Gr.       Gr.  \  Gr.      Gr.  P.cL  r.et. 

1   0.  4S55  0. 4879  0.0000  0.0026  0.0006  0. 0010  0.4S49  0.4843  9.40  9.39 

1     .4851   .4888   .0000   .0020  .0005   .0020  .4846  .4842.  9.40  9.39 

I      i      i      , 

1  .48:J6«.2«01  .0003  .0198  (»)  ' 1  .4833 ». 2403,  9.37  9.32 

i     I  I  I 

\   .2406  .2475;  .0003  .0056'  .0014  .0009  .2389  .2410  9.26  9.34 

'     '  '     '  '     . 

\   .2470  .2692  .0029  .0254  .0045  .0039  .2396  .2399  9.29  9.30 


.07  1 

.08_  1 

.30  1 

I  .26  1 

•C.  H.  Jones,  Burlington,  VtJ  .27  1 


I 

.4863 1  .0020. 

.4889 .0020  . 

.4858 '  .0000. 

.4842  . 


I 


.4843. 


.1  .0010. 


.0000 ooa5 . 


.4848... 
.4837... 


.4850  .4893  .0000  .0056  .0000  .0016,  .4850  .4821 
I  .25  1  .4860|  .49221  .0000  .0056  .0005^  .0012  .4855  .4854 
G.  E.  Patrick,  Washington,  '    | 


D.C ».02     1 


.4889   .5080   .0011    .0080 .4878   .5000, 


Walker   Hovinnan,  Louis- 
ville, Ky 


».10     1 


. 4875  . 


.0011 ' 4864 


9.39 

9.44 

9.40 

9.38 

9. 40  9. 35 

9. 41  9. 41 

9.46  «9.69 
9.43 


Average. 


».  4536  \  48U5   . 0(»00   .  0277] \ ».  4536,*.  4618  *8,  79  *  8. 95 

L39     9.36 


WATER  SOLIBLE  POTASH,  COTTONHI'LL  ASHES,  No.  2. 


A.  W.  Ogden.  New  Haven,            '        |  I                                                          j 

Conn 4.51       i  0.4344 0.4412 0.0000 0.0026 0.0000 0.0035 0.4344 0.4351   16.84   16.87 

'4.46       \   .4361  .4385   .0000   .0026   .0000   .0020   .436l|  .4339   16.91'  16.82 

C.  C.  McDonnell,  Clerason  11  •    ; 

College,S.C !  4. 17       \   .4201    .4508   .0003   .0198     (»)     4288   .4310   16.63   16.72 

John   Thompson,    Clenison 

College,  S.C 4.30       ^    .4:iOH  .4357   .0003   .  OO.16   .0010   .0012   .4295   .4289   1J.65  16.64 

'  One-half  gram  niat<*rial  used.  ■*  Omitted  from  average. 

» Filtered  before  adding  KjPtC'la.  •  KesultH  <alculate<l  to  a  1  gram  basis  by  referee. 

'  After  5i  hours'  drying. 


Digitized  by 


Google 


31 


ResultB  of  pottuh  work  for  1808 — Continiied. 
WATER  SOLUBLE  POTASH,  COTTON-HULL  ASHES,  No.  2— Continued. 


Analyst. 


¥.  S.  Shiver,  Clemson  Col 
lege,S.C I  4.72 

F.  P.  Veitch,  College  Park, 
Md 


i 

« 

t>> 

5  . 

a 

a 

3 

1!{ 

o» 

P.et. 

Or. 

4.72 

i 

3.92 

k 

KjPtCl« 

and 

inipnrltioH. 


KtPtClc    '    Increane    |  Corrected 

in  duetoailioa,      weight, 

reagents.         _  etc.        '     KjPtCl« 


Qr. 


.  4675  . 


o    ,  3 


1   i^ 

i.  .r 

o    ;  J 


Or.      Or.      Or.  '   Qr. 


§     '6.5 
•2     l-g-^ 


Or.      Or. 


t 


.4.'>82 


|i4.00,      i'  .4650 


B.  O.  Whit«,  Borlington.  Vt .    4. 28 

I  4.34 

C.  n.  Jones,  Barlington,  Vt.j  4.45 
4.42 

O.  E.  Patrick,  Washington, 
D.  C 


>4.25 


Walker  Bowman,  L  o  a  i  s- 
viUe,Ky 

Average 


I  .4364 
i  .4330 
i  .4360 
i   .4350 

1     .9187 


.4398 
.4428 


(*) 


>4.20|    1     .9220. 
0.88     1   «.8228*.8581    .0000   .0482. 


.0020   .0169   .0000 


Or, 


PotaBHimii 
oxitl. 

S 

6=  i  § 

a  II 


P.et   P.et. 


1 


.0020. 
.0020. 


0035  .4368  .4378,  16.94  16.] 


.  .4655 ,n8.05. 

.  .4630 1*17.95'. 


^1 


I 


^1 


.0000, '  .0000 

.0000'  .0056'  .0000  .0014 
.0000'  .0056  .0005  .0020 


.0011 
.0011 


.4330 16.79, 

.4360  .4328'  10. 9l'  16.78 
.4345'  .4352  16. 85'  16.88 


.9176  (*)     «17.79. 
.9209 '»17.85'. 


•.  8228  ».  8049  «15. 96  215.60 


I 


16.83  16.81 


ACID  SOLUBLE  POTASH,  WOOD  ASHES,   No.  1. 


A.  W.  Ogden,  New  Haven,  |  1 

Conn 0.18|  I   0.5113  0,5164'0. 0000  0.0026  0.0000  0.0017,0. 5113'o.  5121     0.91 

j    .18  1     .5135    .5156   .0000'  .00261  .0000   .0017'  .5135   .5113     9.96 
C.  C.  McDonnell  Clenison  !         i  '  I  I 


9.93 
0.91 


College,S.C |     .29,      i'  .2568   .2733. 0003   .0151,    («)      '.2565.2582     9.95;  10.01 


John   Thompson,  Clemson 


I 


College,S.C |     .26       i*  .2605   .2680!  .0003   .0065   .0014   .0010   ,2588   .2605   10.03    10.10 


nl 


.0020 1  .0000. 


I 


.4992. 


F.  S.  Shiver,  Clemson  Col-  '         | 

Iege,S.C 21  i  .2675   .2916'  .0044   .0325   .0056|  .0053   .2575   .2538!    9.98     9.84 

F.  P.  Veitch,  College  Park, 

Md 07  1  .5012. 

j    .08  1  .4974. 

B.  O.  White,  Bnrlington,  Vt .  j    .  30  ^  .  2572  . 

:    .26  1  .5125. 

C.  H.  Jones,  Burlington,  Vt  .     .  27  ^  .  2555  . 


.0020 .0000 .4954 

.0000' I  .0000 .2572' 

.0000| '  .0000 1  .5125 

I  .OUOO' !  .0000 .2555' 


I  .25  1  .5152  .5237  .0000  .0091.  .0000 

' i  1    5229 '  .0091'... 

O.  E.  Patrick.  Washington,  '         ■  I  |           I 

D.C  ...; ».02.  1  .4935.5116   .0011   .0118... 

MO'  1     .4916 0011 

Walker  Bowman,  L  o  n  i  s  - 

ville.  Ky 22  1  ».4688».6110   .0000  .0283... 


.  9.68.. 

;  9.61.. 

I  9.97.. 

I  9.94.. 

!  9.91.. 


.0015   .5152   .5131'    9.99     9.9& 
.0022 1  .6116 9.92 


.4924   .4998  >9.54     9.69 
.4905 »9.51 


.,•.4688 •.4827,  »9.09  »9.3ft 


Average 1 1 1 ■ I    9.90     9.92 

[ I  i  1  I '_ 

'  At  end  of  ten  ilve-hour  periods  of  drying  found  5.12  and  5.17  i>er  cent  muisture. 
'Omitted  fh>m  average. 
•  "After  5i  hours'  drying. 
*  Results  unsatisfactory  and  no  time  to  repeat. 


•Kesiilts  calculate<l  to  a  1  gram  basis  by  referee. 
•Filtered  before  adding  K,PtCl«. 
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liesults  of  potash  work  for  1898 — Continaed. 
ACID  SOLFBLE  POTASH.  COTTON-HULL  ASHES,  Ko.  2. 


Analyst. 


A.  TT.  Ogden,  New  Haven, 
Conn 


C.  C.  MoDonnell,  Clemson 
College,  S.C 

John  Thompson,  Clemson 
College,  S.C 

F.  S.  Shiver,  Clemson  Col- 
lege, S.C 

F,  P.  Veltch,  College  Park, 
Md 


B.  O.  White,  Burlington,  Vt. 

C.  H.  Jones,  Burlington,  Vt  . 

G.  E.  Patrick,  Washington, 
D.C 


Walker  Bowman,  Louis- 
ville, Ky 


'1 


K,PtCI, 
I        and 
imparities. 


K,PtCl« 

in 
reagents. 


due  to  silica. '     weigh  t, 
K,PtCl« 


11 


o      =  I  .9  ft    '  .9  ft 

P.ct.QrA   Or.  i    Or.   I   Or.  1    Or. 


4.51  40.5420  0.5423  0.0000  0.0026 

4.46'  4'  .5431    .5434   .OOOOi  .0026 

'        i  ■      *  I 

4.17  4   .5434    .5615   .0003   .0151 


Increase 

>  to  sill 

etc. 


Corrected 


PotasBiiini 
oxid. 


Or. 


ft      .5 
O      ^ 


Or.  \  Or. 


& 


\1 

1 


§ 


Or.     P.  ct. '  P.  et. 


0.0010  0.0009  0. 5410  0.5388>  20.98  20.90 


.0006,  .0002 


^1 


4. 30i  \ 


(')  |. 


.5475,  .5549  .0003,  .0065 


4.72  \    .5456  .5804  .0038  .0325 


»3.92j   ^i  .5365 0020 


»4.00 


\    .5370, 0020; 

4  .5318 J  .0020 


4.28 
4.34, 

4.45 

4.42' 


*4.25 
*4.20, 


.5305 ■  .0000. 


.5436 0000 

.5425'  .5517  .0000  .0091 
.6(48  .5490  .0000  .0091 


.5425  .5406  21.04  20.96 


.5431  .5464|  21.07  21.19 


.0012  .00121  .5460  .5472  21.17  21.22 

I      I      I       I 

.0012   .0049   .5406,  .5430  20.96   21.06 


.0129. 
.0129. 
.0129. 


.5216 

.5221 

.5169' 

.0006 j  .53891 

.0012| j  .5424 

.0000'  .0012   .5425'  .5404 


.0010'  .0008   .5438 


.6391 


1.09271.0952   .0011    .0118 
1.0946 ;  .0011  ..., 


.88       4^5100^5190    .0000    .0233 


.  1.09161.0834 


I 

•20.23 

»20.25 

»20.05' 

20.90 

21.03 

21. 04 1  20.95 

21.08   20.91 

21.16   21.01 


.1.0935 21.20. 


.  *.5100 


*.4957  •19.78  •19.22 


Average . 


21.061  21.03 


>Filtere<l  before  adding  K.J*tClr.. 

'  At  end  of  ten  five4iour  periods  of  drying  found  5.12  and  5.17  per  cent  moisture. 

"  Oni  i  t  ted  from  a vi»  ra  jfo . 

"  After  54  hours*  drvnig. 

*  Calculated  to  one-ualf  gram  basis  hy  referee. 

COMMENTS   BY   THE   REFEREE. 

A  comparison  of  the  average  results  by  both  methods  shows  practically  no  differ- 
ence, the  extreme  variation  bein^  only  0.03  per  cent.  Forty-fonr  results  are  used 
in  making  the  averages  for  the  Lindo-Gladding  method,  and  thirty  for  the  optional. 

Under  water  soluble  potash  No.  1,  thirteen  T)ut  of  fourteen  results  by  the  Lindo- 
Gladdiug  method  vai*y  but  0.20  per  cent  (9.26-9.46  per  cent,  with  an  average  of 
9.39  per  cent).  Seven  out  of  nine  results  by  the  optional  method  agree  closely  with 
each  other,  the  variations  being  but  0.11  per  cent  (9.30-9,41  per  cent,  average  9.36 
per  cent). 

In  sample  No.  2  the  variations  by  each  method  are  larger  than  in  the  preceding 
case.  Nine  out  of  fourteen  give  an  average  of  16.S3  per  cent  by  the  Lindo-Gladding 
method;  highest  16.94,  lowest  16.63  per  cent,  difference  0.31  per  cent  K-0;  while  by 
the  optional  seven  out  of  eight  show  a  variation  of  0.34  per  cent,  highest  16.98, 
lowest  16.64  per  cent,  average  16.81  per  cent  K^O. 

The  acid  Holuble  pota.sh  results  show  far  more  uniformity  than  was  expected. 
With  No.  1,  eleven  out  of  fourteen  agree  within  0.42  percent  KjO  (9.61-10.03  per  cent, 
average  9.90  per  cent  K^O)  by  the  Lindo-Gladding  method,  and  within  0  41  by  the 
optional  (9.69-10.10  per  cent,  average  9.92  per  cent  K.O). 
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No.  2,  Linclo-Gladdio^  method^  shows  eleven  out  of  fifteen  to  vary  0.30  per  cent 
(20.90-21.20  per  cent,  iiverage  21.06  per  cent  K^^O).  Optional  method,  eight  out  of 
nine  vary  0.32  per  cent ;  highest  21.22  per  cent,  lowest  20.90  per  cent,  average  21.03 
per  cent  K^O. 

Table  summarizing  the  foregoing  data. 


Lindo  Gladding. 


Optional. 


Nlfe      I    * 

il  1  i    !  •?' 


Wood  aahes,  iratcr  sol-  | 
nble  potafih |    U 

Cotton-hall  ashes,  water  ' 
soluble  potash ^    14 

Wood  ashes,  acid  solu- 
ble potash , 

Cotton-hull  ashes,  acid 
soluble  potash 


14 


ftp. 

if 

o 


.2a     '  £^    S 


I 


lip    ' 


V-verace  per 
cent  Kal). 


13       9.46       9.26     0.20  I 
9  I  16.94 


11 


15  I     11 


10.03 
21.20 


16.63 

.31 

9.61 

.42  1 

1 

20. 90 

1 
.30 

7  I    9.41  i    9.30 

7  I  16.98     16.64 

8  I  10. 10  ,     9. 69 
8     21.22     20.90 


0.11 
.34 
.41 
.32 


9.39 
16.83 

9.90 
21. 06 


9.36 
16.81 

9.92 
21  03 


The  chemist  reporting  low  results  throughout  apparently  did  not  follow  the  pre- 
scribed methods.  It  is  also  to  be  regretted  that  the  high  results  by  the  hindo- 
Gladding  method  on  sample  No.  2  were  not  checked  by  the  optioual  metbofl.  In  one 
case  it  was  not  attempted,  and  in  the  other  unsatisfactory  results  were  reported  with 
no  time  to  repeat. 

Your  attention  is  now  directed  to  the  columns  showing  corrections  made,  both 
because  of  potash  in  reagents  used  and  of  increase  due  to  silica,  etc.  The  former, 
in  the  case  of  the  Lindo-Gladding  method,  sample  >o.  1,  shows  an  extreme  of  8.8 
mg  KiPtClrt,  equivalent  to  0.17  per  cent  K-O,  and  in  No.  2  of  7.6  mg  KaPtCs,  or  0.15 
per  cent  K^O.  The  latter  furnishes  an  insoluble  residue  correction  varying  from 
nothing  to  11.2  mg  K.^PtCls,  or  0.22  per  cent  K2O,  if  we  except  the  results  of  one 
chemist  whose  large  correction  seems  to  be  due  to  an  insufficient  washing  in  the  final 
dissolving  of  the  potassium  salt. 

When  the  optional  method  was  used  the  KoPtClti  found  in  reagents  varied  from  2.6 
to  65  mg,  or  from  .05  to  1.26  per  cent  K-^O.  The  same  tendency  toward  large  correc- 
tions has  been  observed  in  past  years  when  this  method  has  been  employed.  The 
increase  due  to  silica,  etc.,  by  the  optional  method  does  not  differ  materially  from 
that  obtained  by  the  Lindo-Gladding. 

DIRECT  EVAPORATION  WITH  K^PtCl,. 

It  was  suggested  to  your  referee  last  year  by  Mr.  Winton  that  good  results  might 
be  obtained  in  water  soluble  potash  determinations  on  materials  similar  to  those 
under  consideration,  by  directly  evaporating  the  water  solution,  without  the  addi- 
tion of  NH4OH  and  (NH4)v:Ci04,  with  K.>PtCl,{,  the  final  precipitate  being  washed 
with  NH4CI  solution  as  usual.  A  similar  method  of  procedure  was  adopted  for  the 
analysis  of  kainit  at  our  1897  meeting. 
17582— 2hO.  06 3 
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Mr.  Ogden,  of  the  Connecticat  StatioD,  kindly  sent  resnlts  by  this  method,  which, 
together  with  those  obtained  by  Mr.  Vrhite  and  myself,  are  foand  in  the  following 
table : 

Results  in  determination  of  potash. 


Analyst. 


used. 


A.  "W.  Oplen,  Connecticut 

B.  ().  White.  Vermont 

C.  U.  Jones,  Vermont 


No.  1. 


No.  2 


Grams      KtPtCIe    I      K,0       Grams      K,PtCU  K,<» 

— .1  * J         X- 1         need.   I      found.     '    fouud. 


found.     •   found. 


Grams. 
0.4878 

.4860  I 
.4855  ! 


Per  cent. 
9.46 


9.42  I 
9.41 


Grams.      Per  cm  t. 
1.4342,        16.  £ 
.4353  18.£ 

.4362  16.91 

.4347!        16-85 


\\        0.4342  ,         16.841 
(  .4353  16.88) 


MOISTl' RE   DETERMINATIONS. 

Some  interesting  data  were  furnished  under  this  head  by  Mr.  G.  E.  Patrick,  who 
found  the  loss  of  moisture  after  five  hours'  drying  to  be  0.02  and  0.10  per  cent  with 
sample  No.  1.  Continued  drying  showed  a  gradual  increase  in  weight,  due  doubt- 
less to  ab8orj)tiou  of  CO^,  until  after  forty-one  hours^  drying,  gains  in  weight  of  1.11 
and  1.07  per  cent  were  recorded. 

The  same  chemist;  with  sample  No.  2,  observed  a  gradual  loss  in  weight,  and  the 
moisture  percentages  at  the  end  of  forty-one  hours'  drying  were  7.28  and  7.17. 

A  similar  behavior  with  No.  1  was  observed  in  the  Vermont  laboratory,  but  the 
drying  was  riot  carrif*d  so  far.  Our  reported  results  represent  the  loss  after  five 
hours'  drying  at  100^  C.  and  continued  heating  for  one  hour  did  not  change  them. 

CHLORIN  IN  FERTILIZERS. 

A  second  duty  of  the  referee  was  to  investigate  methods  for  determining  chloiin 
This,  as  I  understand  it,  refers  to  a  quick  and  reliable  means  of  ascertaining  whether 
or  not  the  potash  present  in  fertilizers  is  in  the  form  of  chlorid,  or  agriculturally 
what  amounts  to  the  same  thing,  whether  sufficient  chlorin  exists  in  the  material 
to  account  for  all  the  potash  as  such. 

From  conversation  with  members  of  this  association  in  1897, 1  learned  that  among 
the  methods  in  use  was  the  volumetric  estimation  of  the  chlorin  by  standard  AgNOs 
in  an  aliquot  of  the  soluble  phosphoric  acid  solution,  or  in  solutions  specially' pre- 
pared, and  the  regular  gravimetric  method. 

1  desire  to  present  for  your  consideration  a  method  which  was  introduced  in  our 
laboratory  by  Mr.  Hills  in  the  spring  of  1896.  With  a  slight  modification  it  has 
been  used,  successfully,  we  think,  for  the  past  three  seasons  on  all  our  commercial 
fertilizer  samples.  It  consists  in  adding  to  50  cc  of  the  Lindo-Gladding  potash 
solution  (equivalent  to  1  gram  material)  an  excess  of  UNO3  and  as  many  cc  of  an 
AgNOa  solution  (1  cc  of  which  corresponds  to  the  chlorin  equivalent  to  1  per  cent  of 
K2O  on  a  basis  of  1  gram,  material)  as  the  percentage  of  KjO  fonud  exceeds  0.5  per 
cent.  The  solution  is  boiled  for  about  five  minutes  and  stirred  as  in  the  regular 
chlorin  determination.  The  precipitated  AgCl  is  allowed  to  settle  and  a  small 
portion  of  the  supernatant  li(|uid  is  decanted  into  a  test  tube.  This  is  roughly 
divided  into  two  portions;  to  one  is  added  a  tiny  fragment  of  crystalline  AgNOj,  to 
the  other  a  few  drops  of  dilute  IICl  or  NH^C1  solution.  A  precipitate  in  the  first 
case  indicates  an  excess  of  chlorin,  even  for  0.5  per'cent  more  K^O  than  the  amount 
already  found  to  be  present,  while  a  precipitate  in  the  second  shows  an  excess  of 
AgNOa,  and  consequently  an  insuthciency  of  chlorin.  In  the  latter  ca.se,  which  with 
us  amounted  to  less  than  20  per  cent  of  the  entire  number  of  fertilizers  collected  in 
1898,  the  AgCl  is  filtered  through  a  tared  Gooch  crucible,  washed,  dried,  and 
weighed  as  usual.  The  weight  of  AgCl  X  100  -r-  3  gives  the  per  cent  of  KgO  present 
as  chlorid  and  is  sufficiently  accurate  for  general  purposes. 
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The  AgNOj  solution  is  prepared  by  dissolviDg  36.17  grams  of  c.  p.  crystalline 
AgNOs  in  water  and  making  to  bulk  of  one  liter. 

To  test  the  accuracy  of  the  method  three  fertilizer  mixtures  were  prepared.  No. 
1  contained  potash  in  the  form  of  common  high-grade  sulphate,  No.  2  had  its  potash 
in  the  form  of  muriate,  and  No.  3  contained  4  parts  of  muriate  and  6  parts  of  sulphate. 

Analysis  showed  them  to  contain :  No.  1,  4.24  per  cent;  No.  2, 4.40  per  cent,  and  No. 
3,  4.32  per  cent  of  K^O.  AgNOa  solution  added,  in  cc  equivalent  to  the  above  per- 
centages of  KiO,  to  50  cc  of  the  Lindo-Gladding  solution,  treated  as  directed,  filtered, 
dried,  and  weighed,  gave  weights  of  AgCl  corresponding  to  0.54  per  cent,  4.25  per 
cent,  and  2.64  per  cent,  respectively,  of  K^O  as  chlorid  or  perhaps  clilorin  in  other 
combinations  sufficient  to  account  for  the  equivalent  of  K-^Ojust  stated.  Tested 
qualitatively  an  per  method,  No.  2  showed  an  excess,  while  No.s.  1  and  3  an  insuffi- 
ciency of  chlorin.  The  total  chlorin  in  No.  2  amounted  to  an  equivalent  of  5.7 i  per 
cent  K;.0. 

This  method  has  the  merit  of  great  rapidity  and,  for  the  purposes  stated,  is  suffi- 
ciently accurate,  quickly  disposing  of  the  vast  majority  of  samples  containing  an 
excess  of  chlorin,  the  only  question  in  most  cases  being  simply  this:  Is  there  or  is 
there  not  an  amount  of  chlorin  present  equivalent  to  the  potash  percentage  found f 

We  have  tested,  so  far  as  time  and  opportunity  would  permit,  the  volumetric  titra- 
tion of  chlorin  iu  (1)  soluble  phosphoric  acid,  (2)  Lindo-Gladding  potash,  and  (3) 
specially  prepared  water  solutions.  Results  have,  as  a  rule,  been  satisfactory,  but 
far  more  time  and  attention  were  required  than  when  the  method  previously  stated 
was  used. 

RECOMMENDATIONS. 

i  would  recommend  that  the  Lindo-Gladding  method  be  adopted  for  determining 
water  soluble  potash  in  wood  ashes  and  cotton-hull  ashes,  special  attention  being 
paid  to  the  words,  ''The  precipitate  should  be  perfectly  soluble  in  water,"  found  iu 
the  description  of  this  method,  page  2,  Circular  No.  4,  United  States  Department  of 
Agriculture,  Division  of  Chemistry. 

I  would  also  suggest  that  Goocli  crucibles  be  used  for  filtering  the  K^PtCl,,  'when 
the  Lindo-Gladding  method  is  employed. 

It  is  the  opinion  of  your  referee  that  the  optional  method  should  not  be  used  unless 
blank  determinations  on  reagents  are  made  along  with  it. 

At  the  conclnsioii  of  the  readiug  of  the  report  of  the  referee  on 
potash,  the  president  called  for  papers.  None  being  i^resented,  the 
general  discassion  was  in  order. 

Mr.  B.  B.  Koss  called  attention  to  his  experience  with  asbestos  and 
Gooch  filters,  to  the  effect  that  asbestos  is  attacked  slightly  by 
ammonium  chlorid  solution. 

Mr.  Jones  replied  that  when  asbestos  had  been  previously  treated 
with  hydrochloric  acid  no  loss  from  ammonium  chlorid  solution  had 
been  noticed,  but  some  fibers  may  be  carried  through  mechanically. 

Mr.  Ross  stated  that  he  used  an  ashless  filter. 

Mr.  AVheeler  asked  Mr.  Eoss  how  he  treated  his  asbestos  before  using 
it  for  filtering  purposes. 

Mr.  lioss  described  his  method  of  preparing  the  asbestos. 

Mr.  J.  L.  Hills  suggested  that  manufactured  asbestos  paper  might 
perhaps  be  used  for  filtering  purposes. 

Mr.  Boss  stated  that  he  had  used  three  or  four  difierent  samples  of 
this  paper  and  always  found  that  it  suffered  loss.  He  hoped  other 
members  would  try  this  further. 
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After  some  discussion  of  the  subject  of  asbestos  felt  and  tilters,  the 
president  stated  that  there  were  still  ten  minutes  and  perliaps  there 
would  be  time  for  some  miscellaneous  business. 

The  secretary  made  annouucemeuts  in  regard  to  local  arrangements 
for  the  entertainment  of  the  members,  and  especially  that  the  Cosmos 
Club  had  extended  its  courtesies  to  the  members  of  the  convention  dur- 
ing the  time  of  their  stay  here.  He  asked  the  members  to  make  the 
Cosmos  Club  their  headquarters,  where  they  would  find  stationery, 
newspapers  and  magazines,  and  other  comforts  of  life. 

The  president  called  upon  Dr.  Wheeler  to  report  what  action  had 
been  taken  by  him  and  his  associates  in  regard  to  the  criticism  of  the 
methods  of  potash  analysis  of  our  association  on  the  part  of  certain 
German  chemists. 

Dr.  Wheeler  reported  that  he  had  ottered  an  article  to  Dr.  Nobbe, 
editor  of  the  Versuchsstationen  Journal,  but  he  had  not  received  any 
response.  He  ha<l  also  called  upon  Dr.  Nobbe  during  the  past  summer. 
It  was  evident  it  was  not  desired  to  publish  the  article  in  the  Journal 
of  the  Versuchsstationen.  He  and  his  associates,  therefore,  thought 
it  wise  to  offer  it  to  The  Chemical  News,  where  it  had  been  published, 
and  copies  of  the  reprint  could  be  had  by  members  of  the  association. 

The  reprints  were  distributed  to  such  members  of  the  association  as 
desired  them. 

At  the  conclusion  of  Dr.  Wheeler's  oral  report  on  this  subject,  the 
association  adjourned  for  luncheon. 

ERIDAT—AFTEBNOON  SESSION. 

On  the  reassembling  of  the  association,  the  president  called  for  the 
report  of  the  referee  on  phosphoric  acid.  Mr.  B.  W.  Kilgore  presented 
the  following  report : 

REPORT  ON  PHOSPHORIC  AOID. 

By  n.  W.  KiLcoRK,  Referee, 

The  main  object  of  the  work  on  phosphoric  acid  the  past  year  baa  beeu  to  further 
test  the  Yolumetric  method,  which  this  association  has  had  under  consideration  for 
several  years,  in  cottaparison  with  the  official  gravimetric  one  for  the  estimation  of 
phoHphuric  acid  in  various  materials.  A  second  object  of  the  work  was  a  test  of  tbe 
AVagner  citrate  method  for  the  estimation  of  available  phosphoric  acid  in  slag  meals. 
So  few  results  were  received  on  the  latter  subject  that  it  is  not  considered  worth 
while  to  report  them.  The  pre««ut  report  is  therefore  limited  to  the  first  named 
subject. 

Five  Hamples,  with  the  following  ontliue  lor  iuve.stigation,  were  sent  to  the  chem- 
ists desiring  to  take  part  in  the  work. 

In  8iruction8  for  phosphoric  acid  work  for  the  Asffociation  of  Official  Jgricultaral  Chemists 

for  IS9S. 

Five  samples  have  been  prepared  for  use  in  the  iuvefltigation  of  the  methods  for 
determining  phosphoric  acid  for  the  Association  of  OfficialAgricultural  Chemists  for 
1898. 

No.  1  is  the  finer  portion  of  cottonseed  meal. 

No.  2  is  fine-ground  South  Carolina  phosphate. 


Digitized  by 


Google 


37 

No.  3  is  a  chemically  pare  phospiinte,  contaiuiug  about  20  per  cent  phosphoric 
anhydrid.  The  specimen  tube  contains  10  gsams  of  the  salt,  accurately  weighed, 
which  should  be  dissolved  in  1  liter  of  water.  One  hundred  cc.  of  the  solntiou  will 
contain  1  gram  of  the  phosphate. 

No.  4  isjine-ground  European  slag  meal. 

No.  5  is  line-ground  American  slag  meal. 

Please  determine  total  phosphoric  acid  in  all  five  samples: 

I.  By  the  official js^ravimetric  method  (Bulletin  46,  Chemical  Division,  United  States 
Department  of  Agriculture,  p.  12). 

II.  By  the  volumetric  method  as  described  at  end  of  report. 

III.  Determination  of  available  phosphoric  acid  by  the  Wagner  citrate  method. 
For  this  work  use  samples  Nos.  4  and  5. 

The  followinj5  is  a  portion  of  the  outline  made  by  Drs.  Wiley  and  McDonnell  for 
the  -work  on  Ihis  subject  last  year,  which  you  are  requested  to  follow : 

The  Wagiier  citrate  method,— Yive  fframs  of  slag  meal,  without  further  grinding  or 
sifting,  are  put  into  a  half-liter  fla8k  and  filled  to  the  mark  with  dilute  ammonium 
citrate  solution,  the  temperature  of  which  is  17  ^.  The  flask  is  closed  by  means  of  a 
rubber  stopper,  and  immediately  put  into  a  revolving  agitating  apparatus  for  thirty 
minutes,  the  revolutions  being  made  at  the  rate  or  30  or  40  per  minute.  Filter  at 
once;  50  cc  of  the  filtrate  are  mixed  with  100  cc  of  the  molybdate  solution  and 
heated  on  the  water  bath  at  from  80^  to  90^  for  from  ten  to  fifteen  minutes.  Remove 
from  bath  and  let  cool  to  the  temperature  of  the  room  and  proceed  in  the  usual  way. 

Wagner's  concentrated  ammonium  citrate  solution  contains  in  1  liter  150  grains 
crystallized  citric  acid  and  23  e;rams  of  ammoniacal  nitrogen.  The  latter  is  to  be 
determined  accurately  by  distilling  the  ammonia  from  a  measured  volume  of  the 
solution  (after  making  the  solution  up  with  approximately  the  proper  amount  of 
ammonia  to  eight  or  nine  tenths  of  the  intended  volume).  The  determination  is 
made  as  in  the  (banning  method,  omitting  the  digestion.  The  solution  is  now  made 
up  with  water  so  that  the  total  nitrogen  per  liter  is  1:3  grams. 

For  use,  two  volumes  of  this  solution  are  dilated  with  three  volumes  of  wa<er. 

For  luither  details  of  this  method  see  Wiley's  Agricultural  Analysis,  Volume  II. 

Results  on  other  samples  and  ]>oints  in  the  methods  outlined  or  on  subjects  relat- 
ing to  phosphoric  acid  will  be  gladly  received  and  credit  given  in  the'report.  A 
)>h*ntiful  supply  of  f^amples  is  on  hand  and  more  can  be  had  it' desired. 

Please  report  results  pi  your  work  at  your  convenience  but  in  time  to  make  up 
report  for  tne  association  meeting.        ^ 

B.  W.  KiLGORK,  Referee, 


RESULTS   KY    GKAVIMETRiC   AND   VOLUMETRIC   METHODS. 

Twenty-two  chemists  took  part  in  the  work  and  the  results  by  the  two  methodN  on 
the  samples  sent  out  by  the  referee  are  brought  together  in  Table  I. 

Table  \,— Total  phosphoric  acid  by  gravimetric  and  rolumetric  methods,  referee's  samples. 


No.  1. 

Cottonneeil 
meal. 

No.  2. 

South  Carolina 
phosphate. 

No.  3. 

DiAodiuni 
hydrogjen 
phosphate. 

9                    u 

ll  ^M 

gs   1  Is 

o          > 

No. 
N  Kurojiea 

11.' 

4. 

n  Ring. 

Ii  1 

it  1 

'3  H 

No, ."». 

American 
Blag. 

Analyst. 

GravimPtHc 
methml. 

Volumetric 
method. 

ll 

Gravimetric 
method. 

Volumetric- 
met  ho«l. 

W.   L.  Mitchell.    Conn. 
Exp.  Station. 

P.eU^P.et. 
2.92  !  2.97 
2.92  1  2.99 

P.et. 
27.88 
27.88 

p.  ct. 
27.91 
27.91 
28.00 
28.00 
28  00 
28.00 

p.et.   1 
>19.91 
'19.97  j 
«19.90  ' 
'19.90 

P.et. 
19.94 
10.99 
19.99 
19.92 

,   p.et. 

'    18.29  , 
18.20 

,     18. 15  , 
18.15 

'     18.27. 
18.  28  1 
18.08 
18.19 
18.  15  i 

re. 
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p.et.  1 

17.99   ; 

17.87 
18. 15 
17.92  ' 
17.95 
17. 95 

17.95 

1 

P.et.  P.et, 

2.87  1  2,99       27.94 
2.97     3.03       28.03 

1 

27.93 

27.77 
27.75 
27.84 

1 

; 
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» Direct  pr 
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ecipitati 
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Tablk  I. — Total  phosphoric  add  by  gravimetnc  and  volumetric  methods,  etc. — Continaed. 


Analyst. 


A.  1).  Cook,  N.  Y^  Exp. 

Station,  Geneva. 
Vr.  n.  Andrews,  N.  T. 

Exp.  Station,  Geneva. 

J.  I\  Street,  X.  J.  Exp. 
Station. 


W.   Skinner,  Md.    Agr. 

College. 
J.  R.  Laughlin,  Md.  Agr. 

College. 
C.   H.  Jones,   Vt.   Exp. 

Station. 


B.  0.   White,  Vt.  Exp. 
Station. 

F.  S.  Shiver,  S.  C.  Agr. 

College. 
John    Thompson,    S.   C. 

Agr.  College. 

C.  C.  McDonnell,  S.   C. 
Agr.  College. 

C.  Glnser.  Baltimore 


J.  L.  Stinson,  Miss.  Agr. 
College. 


W.    v..    Perkins,    Miss. 

Exp.  Station. 
J.  S,  Carroll,  Miss.  Agr. 

College. 


E.  W.  Magrnder,  Miss. 
Agr.  College. 


No.  1. 

No 

.2. 

No 

.3. 

No 

.  4.                  No.  5. 

Cottonseed 
meaU 

South  Carolina 
phosphate. 

Disodium 
hydrogen 
phosphate. 

European  slag    ■^X'f° 

Gravimetric 
method. 

Volymetri  c 
method. 

ii 

>• 

ll 
11 

11 

Volumetric 
method. 

Gravimetric 
metho<l. 

Volumetric 
luothod. 

P.et.   P.  el. 

P.ct. 

l\  et. 

P.et. 

P.et. 

p.et. 

P.  et.   1  P.  a.    p.  et. 

3.01 
3.01 
3.01 
3.01 
8.05 
8.12 
3.13 
3.17 

3.08 
3.10 
3.01 

3.03 
3.06 
3.08 
3.12 
3.13 
3.11 

28.52 
28.50 
28.68 
28.64 
28.67 
28.53 
28.55 

28.60 
28.60 
28.55 
28.60 
28.65 
28.47 
28.50 

20.51 
20.54 
20.31 
20.38 
20.70 
19.91 
19.94 
20.01 
20.10 
•  19.84 

20.60 
20.50 
20.40 
20.45 
20.50 
19.90 
20.21 

19. 08 
19.06 
18.72 
18.75 
18.77 
18.40 
18.43 
18.59 

18  83             

18.75    

18.60  ' 

18.75 

18.80    

18.38    ' 

18.61    

18  54                  

\  3.11 

28.04 

28.02 

19.80 

18,26 

18.52    

1  3.03 

3.05 
3.22 
3.09 
2.93 

28.01 
27.91 
28.04 
28.58 

28.  as 

27.93 
28.08 
28.50 

20.01 
19.95 
19.96 
20.54 

19.80 
19.80 
19.76 
20.50 

18.38 
18.28 
18.34 
18.46 

18.62   

.  3.00 

18.57     

'  3.01 

18.72    

3.10 

18.42     18.10     17.18 

3.12 

2.95 

28.62 

28.45 

20.66 

20.60 

18.32 

18.45     18.16     17.95 

i  3.01 

2.98 

28.46 
28.50 

28.55 

20.54 

20.60 

18.42 
18.36 

18.50     18.00     18.00 
18  10       

3.10 

28.66 

20.61 

18.48 

18.06    

28.52 

# 

18.42 

18.00    

28.48 
28.24 

3.07 

3.02 

28.15 

20.14 

19.97 

18.42 

18.20     17.95     17.73 

1  3.09  '  3.09 

28.23 

28.45 

20.07 

20.08 

18.40 

18.46     17.91      17.60 

1  3.06 

3.08 

28.25 

28.39 

20.05 

20.08 

18.38 

18.41  !  17.88     17.76 

3.02     3.02 
»3.24 

-i 

3.02  ' 

27.98 

27.87 
27.85 

'27.76 
'26.53 



19.89 
•19.85 
19.85 
19.93 

>19.88 
»20.54 

1 ! "' 

18.03 
18.00 
18.01 
18.11 
18.41 

' 

,  3.03 

1         '"     ! 

■  3.12 

28.11 

i 

17.69    

,  3.17 

28.09 

18.43 

17.64    

'  3.11 

3.00 

28.02 

28.00 

19.88 

19.90 

18.43 

18,27     17.g8     17.77 

3.11 

3.10 

27.99 

28.00 

20.01 

20.00 

18.31 

18.22     17.82     17.85 

3.06 

28.00 

19.92 

18.25     17.91     1^-5 

3.07 

28.05 

19.95 

18.25     17.82     17.70 

3.12 

18.20 

3.12 

28.10 

20.05 

18.15    

3.01 

3.10 

28.04 

28.00 

19.94 

19.85 

18.42 

18.30  1  17.82     17.75 

2.99 

3.00 

28.06 

27.95 

19.90 

19.90 

18.45 

18.32     17.86     17.70 

3.12 

27.97 

.28.05 

19.90 

18.38 

18.25     17.77     17.65 

t 

3.11 

.  28.09 

27.95 

20.00 

r  -18.54 

18.25     17.76     17.68 

1 

3.12 

27.97 
28.08 

19.92 
19.95 

18.51 
18. 55 

18  27  '      

1 

18.80   

*  Washed  witli  hot  water. 


2  Washed  with  cold  water. 
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Table  I. — Total  phosphoric  acid  by  granmetric  and  volumetric  methods,  etc, — Continued. 


No.  1. 

Cottonseed 
meal. 

No.  2. 

South  Carolina 
phosphate. 

No.  3. 

Diso<Uum 
hydrogen 
phosphate. 

No.  4. 
European  slag. 

.      No 

Amei 
sla 

Bid 

11 

o 

5. 

•ican 
«• 

Analyst. 

ll 

ll 

11 

> 

11 

c 

1| 

•21 

o  a 

> 

It 

si 

ll 

ll 

1^ 

E.  B.  Ferris.  Miss.  Exp. 
Station. 

P.ct. 

p.ct. 
3.07 
3.07 

P.et. 
28.01 



p.et. 
28.10 
28.10 
28.20 

p.et. 
19.92 
19.93 

p.et. 
19.90 

p.et. 
18.74 
18.68 

P.  et.  >  P.  et. 
18. 35  18. 14 
18.25     18.19 

p.et. 
17.60 
17.60 

B.    W.    Kilgore,    Miss. 
Agr.  College. 

3. 04     3. 09 
1  3.10 

27.95 
23.05 

28.10 
28.10 

19.92 
19.88 

19.85 
19.85 
19.92 
19.92 
19.85 
19.72 

•18.17       18.10 
1 18. 14       18. 15 
•18.10       18.17 
«18.52       1«  5>«i 

17.80 
17.85 
17.85 

17.65 
17.70 
17.65 

C.C.  Moore,  U.  S.  Dept. 

of  Agr. 
E.  G.  Runyan,  U.S.  Dept. 

of  Agr. 
C.  B.  Williams,  N.   C. 

Exp.  Station. 



17.65 





1     

M8.54 

18.12 

18.19 
18.09 
18.11 

18.10    

18.04    

'   17  lA 

17.65 

3.02 

27.45 

17.47 

3.02 
3.03 
2.  Oft 

27.93 
27.95 
27.86 
27.72 
27.72 

19.89 
19.79 
19.77 
19.85 

17.27 
17.42 

F.  G.  Kelly,  N.  C.  Exp.     2.97  j 

Station.                               2-flfi  i 

18.17 
18.10 

1 

1 

•  One  precipitation. 


'Precipitated  twice  to  get  rid  of  iron. 


Volumetric  determination  of  phosphoric  acid  in  referee*  s  samples  by  C.  C  Moore. 


Sample  No. 

Number 
determi- 
nations. 

10 
10 
40 
10 
10 

Maximum. 

Minimum. 

Average. 

Per  cent. 
3.02 
27.45 
19.72 
18.04  - 
17.47 

1             

Per  cent. 
3.03 
27.61 
20.05 
18.24 
17.54 

Per  cent. 
3.0V 
27.32 
19.50 
17.98 
17.36 

2 

3 

4 

5 

DISCUSSION  OF  RESULTS. 

The  resalts  of  No.  1,  cottonseed  meal,  which  contains  about  3  per  cent  of  phos- 
phoric auhydridy  are  good  by  both  methods,  with  the  exception  of  two.  This  is 
especially  true,  when  the  results  of  each  worker  by  the  two  methods — presumably 
on  the  same  solutiou  in  most  cases — are  compared  with  each  other.  No  one  has  found 
difficulty  with  the  volumetric  method  on  this  sample,  and  as  this  fairly  represents 
the  percentages  to  be  determined  in  insoluble  work  in  fertilizers  it  seems  fair  to 
assume  that  the  method  has  reached  the  stage  where  it  is  safe  and  reliable  for  this 
class  of  work  at  any  rate. 

On  sample  No.  2,  ground  South  Carolina  rock,  which,  we  think,  contains  about  28 
per  cent  of  phosphoric  anhydrid,  while  the  results  of  different  analysts  by  the  same 
methods  vary  considerably,  the  results  of  the  same  analyst  by  the  two  methods  agree 
within  a  fairly  reasonable  error  of  analysis.    Workers  who  have  gotten  high  results 
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by  one  method  have  gotten  high  results  by  the  other,  and  vice  versa.  This  indi- 
cates that  the  differences  belong  not  to  the  methods  themselves  but  to  the  analyst, 
and  migUt  reasonably  be  ascribed  to  differences  in  solutions,  to  the  aliquots  taken,  etc. 

When  the  high  percentage  of  phosphoric  acid  in  this  sample  is  considered  aud  the 
work  of  the  past  taken  as  a  gnide,  the  results  are  as  good  as  would  be  expected. 

The  results  on  sample  No.  3,  disodinm  hydrogen  phosphate  (containing  19.83  per 
cent  phosphoric  anhydrid),  compare  well  with  each  other  when  the  results  of  the 
same  analyst  are  considered.  Quite  a  number  of  the  workers  have  gotten  high 
results  on  this  sample. 

Samples  4  and  6  (European  and  American  slag  meals,  respectively)  contain  consid- 
erable iron.  The  volumetric  results  on  these  samples  are,  as  a  rule,  lower  than 
the  gravimetric  ones  and,  we  think,  more  nearly  represent  the  amount  of  phosphoric 
acid  in  these  samples  on  account  of  the  contamination  of  the  '*  white  precipitate*^ 
with  iron  from  materials  containing  large  amounts  of  this  substance.  All  the 
"white  precipitates"  in  my  work  with  these  samples  were  shown  by  test  to  contain 
iron,  and  the  other  workers  in  this  laboratory  found  the  same  to  be  true.  This  is 
nothing  new,  however.  The  volumetric  method  would  then  seem  to  be  a  very 
desirable  one  where  much  iron  and  aluminum  are  present  in  the  materials  to  be 
analyzed.     It  especially  commends  itself  for  ase  on  soils,  slags,  etc. 

Judging  from  the  results  presented,  the  volumetric  method  shows  itself  to  be  a 
good  aud  reliable  one.  The  comments  of  four  of  the  twenty-two  analysts  taking 
part  in  the  work  show  that  they  do  not  have  it  sufficiently  well  in  hand  to  get  thor- 
oughly trustworthy  results  in  all  cases.  The  other  workers  have  had  no  difficulty 
with  it.  It  appears  that  those  who  have  used  the  method  sufficiently  to  become 
thoroughly  familiar  with  its  workings  get  good  and  reliable  results  and  those  who 
have  used  it  most  like  it  best. 

COMMENTS  OF  ANALYSTS. 

jr.  L.  Mitchell,  Connecticut— The  results  by  the  volumetric  method  are,  on  the 
whole,  very  satisfactory.  This  good  success  may  be  attributed  in  part  to  the  form 
of  Hirsch  funnel  used.  Those  employed  in  past  years  did  not  contain  perforations 
enough  and  were  not  of  sufficient  capacity.  A  more  suitable  form  was  used  in  this 
year's  work.  Precipitation  was  made  at  65"^,  and  filtration  on  Hirsch  fnnnel  with 
asbestos  filter.    Cold  water  was  used  for  washing. 

jr.  Skinnerf  Maryland. — Had  difficulty  in  determining  end  reaction  withNos.  2  and 
4,  as  the  solution  in  the  alkali  became  intensely  blue.  No.  2  is  very  high  in  alaminum, 
while  No.  4  is  high  in  iron.  It  was  found  difficult  to  wash  No.  4  free  from  acid, 
which  may  account  for  high  volumetric  results  on  this  sample.  I  also  had  consider- 
able difficulty  in  getting  concordant  gravimetric  results  on  this  sample. 

«7.  li.  Laughlin,  Maryland.— A\so  had  difficulty  in  getting  concordant  results  on 
No.  4. 

C.  H,  JoneSf  Vermont.— St&tes  that  he  uses  asbestos  filter  and  does  not  have  the 
trouble  with  the  end  reaction  ho  formerly  did  when  using  paper.  He  further  stites 
that  he  compared  the  volumetric  and  gravimetric  methods  on  30  fertilizers  with 
close  agreement  of  results.  The  solutions  were  made  in  sulphuric  acid.  In  one 
case,  where  considerable  organic  matter  was  present,  the  results  did  not  agree  well, 
but  the  trouble  was  traced  to  the  solution,  and  he  thinks  comparative  determination:^ 
on  the  same  solutions  should  be  made  before  deciding  a  method  to  be  at  fault. 

F.  S.  Shiv€7',  South  CrtroZina.— Precipitated  at  room  temperature  and  allowed  to 
stand  over  night.    Then  filtered  and  washed  with  cold  water  till  free  of  acid. 

C.  C.  McDonnell  and  JohtL  Thompson,  South  Carolina.— Both  state  that  they  conld 
not  get  uniform  results  with  the  volumetric  method.  The  ones  reported  are  the 
averages  of  results  showing  closest  agreement, 

C.  Glower f  Baltimore,  Md. — Used  warm  water  (80-  to  90^)  for  washing,  and  found 
it  worked  better  than  cold  water      He  washed  with  about  300  cc. 
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C.  C.  Moore,  United  Slates  Department  of  Agriculture. — States:  I  can  detect  no  dif- 
ference in  tlie  two  methods  of  washing  and  found  no  advantage  in  the  use  of  nitric 
acid.  I  generally  use  the  perforated  platinum  cone  with  filter  paper  with  slight 
suction.  The  washing  is  continued  until  the  funnel  three  times  filled  does  not 
neutralize  one-half  drop  of  the  standard  alkali. 

The  alkaline  solution  was  standardized  by  actual  determinations  of  the  chemi- 
cally pui'e  salt,  No.  3.  Ten  detenninations,  using  from  0.01  to  0.12  gram  of  the  salt, 
were  made.  The  end  reactions  were  very  uniform.  There  was  but  slight  variation, 
and  the  maximum  and  minimum  samples  gave  identical  results. 

J.  S,  Carroll,  Niaaiesippi. — It  was  found  necessary  to  precipitate  twice  with 
molybdic  solution  to  get  rid  of  iron  in  samples  4  and  5.  The  ''  white  precipitates" 
were  then  not  entirely  free  from  it. 

Filtration  through  an  asbestos  filter  on  a  perforated  disk  in  a  Gooch  crucible  tube 
was  found  to  be  the  most  satisfactory  way.  The  glazed  porcelain  Gooch  crucible 
with  false  bottom  covered  with  an  asbestos  filter  also  works  well. 

TEST  OF   METHODS  OF   PRECIPITATION  WITH   VOLUMETRIC   METHOD. 

Considerable  time  was  given  in  the  laboratory  of  the  Mississippi  Agricultural 
College  to  testing  methods  of  precipitation,  the  quantity  of  molybdic  solution  best 
to  use  in  the  volumetric  method,  etc.  These  investigations  were  made  on  the  cotton- 
seed meal,  disodi urn  hydrogen  phosphate,  and  European  slag  samples  sent  out  by 
the  referee.  The  work  was  done  by  Messrs.  E.  W.  Magruder,  J.  S.  Carroll,  and 
the  referee.    The  results  are  presented -in  Table  II,  which  follows: 

Tablk  II. — Test  of  methods  of  precipitation  when  using  the  rolumetric  method. 
COTTONSEED  MEAL. 


Sample. 


No.l. 


Gravi- 
metric re- 
Hult8  by  I 

usual 
method.  , 


Per  cerH. 
3.10 


Ko.la 

No.lft 

Beverse  precipitation 


.52 
.26 


Volumetric  resnlts. 


Per  cent. 

3.04,3.04,3.03,3.05 , 

3.05,3.05 

3.12, 3.16, 3.17, 3.09. 3.10, 3.17, 
3.07. 

2.08,3.00,2.98,2.91,2.75 

2.93,3.08,3.03,3.06 

8.04, 3.04, 3.03, 3.02,  3.05, 3.04. 
0.54, 0.55, 0.S4, 0.54. 0.54, 0.53. 
0.27,  a26, 0.27, 0.27, 0.26, 0.26. 
3.07,2.91,2.90 


Time  al-  Tempera-  Amount 
!  lowed  for'  ture  of  of  sub-  i 
preci]>ita-l  preoipita* 


tiou. 
Hourt. 


3.10,3.10,3.07. 


1 
1 
7 
17 
17 
1 


Htanee 
u.<ied. 


C5  I 

65 ; 

I 
30 
30  I 
31-27  ' 
31-27 
31-27 
30 

30 


Grama.  \ 

0.4 

.4  1 
.4 

.4  , 
.4 

.4  j 
.4  I 

.4 1 


Amount 

molylHlic 

solution 

Hse*l. 


15 
20 
30 

15 
30 
20 
20 
20 
15 

30 


DISODIUM  HrDROGEN  PHOSPHATE. 


.N'0.3 

19.95.... 

19.85, 19.90, 19.90, 19.85, 19.85. 

4 

65 

0.2 

30 

20.00. 20.00, 19.95, 19.97, 19.92, 

i 

65 

.2 

35 

19  96,  19.90,  19.92,  20.05, 

19.97. 

20.10, 20.25, 20.20, 20.20, 20.18. 

1 

65 

.2 

50 

20.15,  20.22, 20.20. 

19.84, 19.90,20.00,20.00,  19.50, 

k 

65 

.1 

15 

19.10. 

20.25.20.30,20.25 

1 

65 

.1 

80 

20.20.  20.15.  20.4U 

! 

65 

.1 

30 
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Table  II. — Test  ofmethoda  of  precipitation  when  using  ike  volumetric  method — Continaed. 
DISODIUM  HYDROGEN  PHOSPHATE-ConUnaed. 


Sample. 


Gravi- 

metric  re 

suits  by 

usnal 
method. 


Per  cent. 


Volumetric  results. 


I 
I 

Reverse  precipitation . 


Per  cent. 

19.65,19.42,19.62 

19.05,19.95,20.00 

19.95,19.95,19.115 

19.95,19.90,19.90 

19.40. 19.30, 19.00, 19.90, 19.68. 

19.50. 

19.88,19.85,19.85 

19.90,19.89,19.90 

19.20,19.30 

19.95,19.90,19.90 

19.95.19.95,19.98 

19.95,19.98,19.95 

20.05, 19.95. 19.90. 19.88, 19.83, 

19.83. 
20.05,  20.02, 19.98, 20.05,  19.98, 

19.98. 


Timeftl-  Tempera-  Amonnt    Amount 

lowed  for    ture  of  of  sub-     molybdic 

precipita- precipita-  stance   i  solution 

tion.     I     tion.  used. 


Hours. 
I 
I 

1 
1 

1 


15.5 
15.5  i 

i   \ 

1  ; 

1 

1 


°c. 


Oratn*. 


31 

31 ; 

28  ; 

31 ! 

20  i 


30 

50 
35 


24-25 

.2 

32 

24-25  f 

.2 

55 

20 

.2 

32 

20 

.2 

32 

28 

.2 

35 

31 

.2 

40 

30 

.2 

30 

50 


EUROPEAN  THOMAS  SLAG. 


No.  4  (regular  pre- 
cipitation). 


18.47  ,  18.20,18.23,18.23 


18.25,18  27,18.27 

18.33, 18.32, 18.25, 18.2  / 


17 

24-25 

0.2 

17 

24-25 
65 

.2 
.2 

35 
40 


From  the  resnlts  presented  and  observations  made  in  the  coarse  of  the  work  we 
feel  warranted  in  drawing  the  following  conclusions: 

That  at  a  temperature  of  65^  10  cc  of  molybdic  solution  did  not  always  precipitate 
the  phosphoric  acid  in  the  cottonseed  meal,  containing  about  3  per  cent,  in  one-half 
hour,  but  15  cc  did,  and  as  much  us  25  cc  of  the  molybdic  solution  could  be  added 
without  giving  high  results.  Thirty  cc  gave  slightly  but  not  very  materially  higher 
results  than  from  15  to  25  cc  of  molybdic  solution.  When  precipitation  was  made  at 
room  temperature  in  the  summer  it  could  not  be  relied  upon  to  be  complete  in  one 
hour,  but  on  standing  overnight  this  3  per  cent  sample  and  ones  containing  0.50  per 
cent  and  0.25  per  cent  were  complete  in  all  cases.  Large  excess  of  molybdic  solu- 
tion did  not  give  high  results  on  these  percentages  when  precipitation  was  made 
in  the  cold.  An  aliquot  corresponding  to  0.4  gram  substance  was  used  on  these 
percentages. 

For  samples  3  and  4,  containing  18  and  20  per  cent  phosphoric  anhydrid,  30  cc  of 
molybdic  solution  gave  complete  precipitation  at  65-,  and  35  and  40  cc  could  be  ustMi 
without  increasing  the  results,  but  50  and  55  co  of  solution  gave  high  results, 
showing  that  a  large  excess  of  molybdic  solution  in  the  volumetric  method  will 
give  high  results  when  precipitation  is  made  at  65^.  One  hour  in  the  cold  with  the 
above  amounts  of  molybdic  solution  did  not  always  give  complete  precipitation, 
but  on  standing  over  night  (from  fifteen  to  seventeen  hours)  all  the  phosphoric  acid 
came  down,  and  a  large  excess  of  molybdic  solution  (45  to  55  co)  did  not  give  ti£' 
high  results  as  when  precipitation  was  made  at  65°.  Precipitation  in  the  cold  took 
l>lace  quicker  with  these  high  percentages  than  with  the  low  ones. 
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REVERSE  PRECIPITATION. 

The  addition  of  the  phosphate  solution  to  the  molybdic  solution  containing  the 
necessary  ammonium  nitrate  brought  down  the  ammonium  phosphomolybdate  some- 
what quicker  than  the  usual  procedure,  but  the  difference  did  not  seem  to  be  very 
great. 

PRECIPITATION   BY  SHAKING  IN  THE  COLD. 

The  following  tests  were  carried  out  to  see  if  shaking  at  room  temperature  would 
give  complete  precipitation.  The  machiue  used  was  the  revolving  one  commonly 
employed  iu  determining  the  available  phosphoric  acid  in  slags  by  the  Wagner 
citrate  method.  Shaking  was  continued  for  from  fifteen  to  sixty  minutes,  the  machine 
being  run  by  a  small  gas  engine  at  the  rate  of  about  sixty  revolutions  per  minute. 

The  results  show  precipitation  to  have  been  complete  in  all  these  73  determinations, 
though  the  time  of  shaking  was  only  fifteen  minutes  in  a  number  of  the  tests  and  filtra- 
tion was  carried  out  at  once.  A  small  excess  of  molybdic  solution  brought  down  all 
the  phosphoric  acid  in  this  work,  and  the  use  of  a  double  quantity  did  not  iucrease 
the  results  as  it  did  when  precipitation  was  made  at  the  usual  temperature,  65^. 

It  appears  on  the  basis  of  these  results  that  this  means  of  precipitation  by  shaking 
at  room  temperature  in  some  convenient  form  of  machine  is  a  most  promising  one  for 
giving  quick  and  complete  precipitation,  and  the  conditions  in  it  are  not  favorable 
for  the  precipitation  of  molybdic  acid  along  with  the  ammonium  phosphomolybdate. 
It  is  recommended  for  further  study. 

Table  III. — Test  of  ahukiug  as  a  means  of  precipitation  of  phosphorio  acid  in  the 

volumetric  method. 

[E.  W.  Magmder,  analyst,  MissiMippi  Agricaltnral  College.} 

COTTONSEED  MEAL. 


Sample. 


Gravi- 
metric re< 
Bulta  by 

usual 
method. 


Xo.  I 

Per  cent. 
3.10 

No.  la 

.52 

No.  16 

.26 

No.2 

26.04 

Volumetric  restdte  by 
shakiDg. 


Per  cent. 

3.00,3,03,8.03 

3.06,3.03,8.03 

0.55, 0.55, 0.55, 0.55, 0.53 

0.55, 0.56. 0.55, 0.55, 0.56, 0.55 
0.31, 0.30, 0.30, 0.27, 0.27, 0.28 
0.26. 0.26, 0.27, 0,26, 0,27, 0.27 


'  Time  of 
,  shaking. 


PHOSPHATE  ROCK. 


Tempera-   Amount    Amount 
tare  of   \    of  sub-    -of  raolvb- 
dic  sofu- 


precipi 
tation 


Minutes.  \ 
60, 
30  I 
30 
30  ; 


-C. 


2».03, 28.05  . 
28.05, 28.08  . 


30  ' 
30 


31  ! 

31  ; 

25 

-I 

27  I 
27  1 


fetance 
uaed. 


Oramt. 
0.4 
.4 
.4 
.4 
.4 


24  I 
24 


tion  used. 


20 
20 
15 


.4 


0.1  I 
.1  I 


15 
30 


25 
50 


DISODIUM  HYDROGEN  PHOSPHATE. 


No.3 


19.95 


20.00,19.08,20.00 

19.92,19.95 

19.95,19.90,19.88 

19.90,19.75.19.85 

19.95,19.95.19.92 

19.92,19.90,19.90 


30  ' 

^^ 

20  I 
20 
15  . 
15 


"I 

30  ' 

28  , 
28 

28  ; 
28 

I 


0.2 
.2 
.2 
^  2 

.2 
.2 


40 
32 
32 
55 
32 
55 
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Table  III. — Test  of  shaking  as  a  means  of  precipitation  of  phosphoric  acid  in   the 
volumetric  method— Continued. 

EUROPEAN  SLAG. 


Sample. 

Gravi. 
metric  re- 
salts  by 

USUfil 

roethod. 

Per  cent. 
18.47 

Volumetric  results  by 
shaking. 

Time  of 
shaking. 

Minutes. 

30 

30 

Tempera- 
ture of 
pi-ecipi- 
tation. 

Amount 
of  sub- 
stance 
used. 

Amount 
of  molyb- 

dic  soln- 
tion  used. 

No.4 

Per  cent. 
18.25, 18.20, 18.20, 18.25. 18.20, 

18.25, 18.25. 
18.20, 18.20, 18.25, 18.20, 18.30  . 

25 
25 

Grams. 
0.2 

.2 

cc. 

30 

•. 

AMERICAN  SLAG. 

No.6 

17.80 

17.65, 17.W.  17.65, 17.60, 17.67  . 
17.73,17.70,17.70 

30 
30 

24 
24 

0.2 
.2 

30 
50 

FERTILIZERS. 

Total 

12.66 
9.00 
2.08 

12.58 

30 
30 
30 

0.2 
.2 
.4 

% 

Soluble 

8.07 

25 

Insoluble ........... 

2.10 

20 

RESl'LTS   FROM   MISCELLANEOUS   FERTILIZER   SAMPLES   BY   GRAVIMETRIC  AND    VOLU- 
METRIC METHODS.       ' 

Mr.  F.  8.  Shiver,  of  the  South  Carolina  Agrioultural  College,  compared  the  gravi- 
metric and  Toluuietric  methods  on  totals,  solubles,  and  insolubles  in  a  number  of 
fertilizers.  He  precipitated  at  room  temperature,  allowed  to  stand  over  night,  and 
washed  with  cold  water. 

Mr.  £.  W.  Magruder  also  made  a  number  of  comparative  tests  in  the  course  of  reg- 
ular work.  Precipitation  was  made  at  65^  C.  aud  allowed  to  stand  fifteen  miuntes. 
The  washing  was  done  with  cold  water.     Results  are  presented  in  Table  IV. 

Table  IV. — Results  from  miscellaneous  fertilizers  by  gravimetric  and  volumetric  methods. 

[F.  S.  Shiver,  analyst.  South  Carolina  Agricultural  College.] 

TOTALS. 


Sample  No. 

Gravi. 
metric 
method. 

Volu- 
metric 
method. 

Sample  No, 

Gravi- 
metric 
method. 

Volu- 
metric 
method. 

1    

Percent. 
15.91 
15. 68 
10.06 
27.06 

22.60 

Per  cent. 
15. 02    1  fl 

Percent. 
2.62 

30.16 
42.35 
15.91 

Percent. 
2.62 

2 

3 

15.7» 
10.17 

7 

2.54 
30.25 

4 

28.13    1  8.. 
28.18      0.- 

•42.10 

15.96 

28.  IS 
22.58 

1 

16.i>9 

5 

20.36 

20.40 

22.  5S 
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Table  IV. — Results  from  miscellaneous  fertilizers  by  gravimetric  and  volumetric  methods — 

Continued. 

SOLUBLES. 


Sample  No. 


Gravi-  Volu- 
metric metric 
method,     method. 


Sample  No. 


Per  cent. 

1 10.44 

2 6.58 

3 6.08 

4 8.88 


Per  cent 

10.50      5 

6.  65 

7.00      6 

^■^^  Average 8.23 

8.93 


Gravi. 
metric 
method. 

Volu- 
metric 
method. 

Per  cent. 

Per  cent. 

6.54 

6.54 

6.56 

9.93 

9.98 

8.29 


IXSOLUBLES. 


1  . 
2. 
3. 
4. 

5. 
6. 


1.32 
1.27 
L50 
1.36 
L83 
1.62 
3.11 


1.24 
1.11 
L46 
L32 
L77 
L72 
3.10 


8 

9 

10 

11 

12 

Average  . 


1.09 
1.47  ■ 
1.34 
1.23 
1.2S 


1.54 


1.07 
1.46 
1.38 
L23 
1.29 


1.51 


[E.  TV.  Maj|:ruder,  analyst,  MiaaiHKippi  Agricultural  College.] 
INSOLUBLES. 


869 

0.90  ' 

0.97 

.96 

1.00 

.05 

.96 

.96 

.97 

.95 

.95 

L24 

1.24 

3.65 

3.74 

2.60 

2.62 

2.65 

1.82 

L82 

1.85 

TOT 

]  876 

877 

!          l-^^i 

1  11 

1  49 

870 

i 
.90 

1.47 
1.47 
1  15 

871    

.88 

H80 

^■82 

I 

J 
2.55 

..     .     .               1  25 

L14 
L02 
2  57 

872 

.          1.20«, 

2.62 
2.54 
1.31 
1.31 
L30 
2.42 

873 

\  "'i 

2.64 

1 

's«, 

i             j 

1          2.39  1 

874 

1 

1 
1 

I 

2.37 

875 

1.S7 

2.41 
2.40 

ALS. 

850 

'          9  74 

9  82 

» 

i          1 

0.88 
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PRECIPITATION  AND  WASHING. 

Precipitation, -^T\7o  methods  of  precipitation  were  outlined  in  the  instrnctions  for 
the  work  the  past  seasuu.  One  was  to  heat  to  aboat  65°  and  the  other  to  about  50^ 
before  adding  the  molybdio  solution.  Most  of  the  analysts  precipitated  at  6o^j  and 
at  least  three  worked  at  room  temperature  and  allowed  to  stand  over  night,  when 
precipitation  was  completed  in  all  cases. 

jrashing, — Nearly  all  of  the  analysts  washed  with  water  only.  A  large  number  of 
tests  in  one  lab&ratory  showed  the  decaiitatiou  washing  with  dilute  nitric  acid  to 
have  no  advantage.  Washing  once  or  twice  by  decantation  with  water,  and  then  on 
the  filter  with  enough  water  to  make  with  the  decautation  washings  about  200  t.-c, 
was  found  sufficient  to  free  tlie  precipitate  of  acid.  In  this  laboratory  we  have  not 
found  it  necessary  to  test  the  filtrate  for  acid  after  washing  in  this  way,  but  proceed 
at  once  with  the  titration,  a  large  number  of  tests  having  shown  ns  that  all  acid  has 
been  removed.  The  precipitate  may  be  washed  with  300  cc,  and  in  some  cases  as 
much  as  400  or  500  cc  of  water  without  material  loss,  but  it  is  to  be  remembered  that 
ammonium  phosphomolybdate  is  an  acid  salt  which  is  slightly  soluble  in  water, 
enough  so  to  make  the  filtrate  react  acid  to  delicate  indicators.  Besides  the  danger  of 
dissolving  a  small  amount  of  the  salt  when  very  large  amounts  of  water  are  used, 
some  of  the  precipitate  is  liable  to  run  through  the  filter  when  as  much  as  500  or 
600  cc  of  water  are  used  for  washing. 


A  number  of  forms  of  filters  have  been  used  with  the  volumetric  method.  Among 
these  we  would  name  in  the  order  of  preference:  (1)  That  made  by  putting  a  per- 
forated porcelain  or  other  disk  well  filled  with  holes  in  the  glass  carbon  filters  used 
for  GcToch  crucibles,  attaching  a  stiff  piece  of  wire  to  the  plate  with  which  to  push  it 
out  of  the  tube,  and  covering  the  plate  with  an  asbestos  filter.  (2)  The  porcelain 
Gooch  crucible,  of  good  size,  with  false  bottom  well  filled  with  holes,  the  bottom 
beiug  covered  with  an  asbestcfs  filter.  (3)  The  Hirsch  funnel,  with  bottom  well  filled 
with  holes  and  covered  with  an  asbestos  filter.  (4)  Funnel  and  filter  paper  with  or 
without  pressure. 

STANDARD   SOLl'TION  AND  INDICATOR. 

As  the  titration  in  to  be  made  with  phenolphthaleiu  as  indicator  the  solutions 
should  be  standardized  with  this  indicator.  We  use  alcohol  distilled  over  sodium 
or  potassium  hydroxid  (free  from  carbonates)  for  making  the  standard  alkali.  For 
each  liter  of  solution  dissolve  the  alkali  in  120  to  130  cc  of  alcohol,  filter  from  insolu- 
ble carbonates,  and  dilute  with  water.  Much  more  alcohol  than  this  should  not  be 
used,  as  it  might  give  reduction  and  consequent  coloration  in  the  titration. 

CARBON   DIOXID   IN   DISTILLED  WATER. 

Distilled  water  obtained  from  water  containing  large  amounts  of  bicarbonates 
is  linblc  to  have  considerable  carbon  dioxid  in  solution.  There  is  no  objection  to 
the  use  of  this  water  for  washing  the  yellow  precipitate,  but  in  transferring  the 
precipitate  to  the  beaker  or  precipitating  vessel  and  diliitinsT  in  the  process  of  titra- 
tion a  small  error  may  be  introduced.  Boiling  the  water  used  for  this  puri>ose 
obviates  any  difficulty  from  that  source. 

RE  COM  M  E  NDATIONS. 

(1)  That  precipitation  at  room  temperature  in  the  volumetric  method  by  means 
of  shaking  in  some  convenient  form  of  shuking  machine  be  made  a  subject  of  study. 

(2)  That  the  volumetric  method  for  the  estimation  of  phosphoric  acid  by  titxating 
the  ammonium  phosphomolybdate  precipitiate  with  standard  alkali  be  made  an 
optional  method. 
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DESCRIPTION  OF  VOLUMETRIC  METHOD. 

Dissolve  substance  according  to  methods  (A2),  (A5),  (A6),  or  (A7)  (Bulletin  46, 
Division  of  Chemistry,  United  States  Department  of  Agriculture,  p.  12),  preferably 
by  ( A5)  when  these  acids  are  a  suitable  solvent,  and  dilute  to  200  cc  with  water.  For 
percentages  below  5,  measure  out  aliquot  corresponding  to  0.4  gram  substance,  for 
percentages  between  5  and  20  use  aliquot  corresponding  to  0.2  gram  substance,  and 
for  percentages  above  20  use  aliquot  corresponding  to  0.1  gram  substance.  Add  5 
to  10  cc  nitric  acid  (or  the  equivalent  in  ammonium  nitrate),  depending  on  the 
method  of  solution,  nearly  neutralize  with  ammonia,  dilute  to  from  75  to  100  cc, 
heat  in  water  bath  to  from  60  to  65^,  and  for  percentages  below  5  add  from  20  to  25 
CO  freshly  filtered  molybdio  solution  (official),  for  percentages  between  5  and  20  add 
from  30  to  35  cc  solution,  and  for  percentages  above  about  20  add  from  33  to  35  co 
molybdic  solution.  Stir,  let  stand  about  fifteen  minutes,  filter  at  once^  wash  once  or 
twice  by  decantation  with  water,  using  from  25  to  30  cc  each  time,  agitating  the 
precipitate  thoroughly  and  allowing  to  settle,  transfer  to  filter  and  wash  five  or  six 
times,  using  enough  water  to  make  with  the  decantation  washings  about  200  cc. 
Transfer  precipitate  and  filter  to  beaker  or  precipitating  vessel,  dissolve  in  small 
excess  of  standard  alkali,  add  a  few  drops  of  phenolphthalein  solution  and  titrate 
back  with  standard  acid  (nitric). 

PREPARATION   OF   RKAGKNTS, 

(a)  standard poiasaium  hifdroxid  solution, — This  solution  contains  18.17106  grams  of 
potassium  hydro>cid  to  the  liter.  It  is  prepared  by  diluting  to  1  liter  323.81  cc  of 
normal  potassium  hydroxid,  which  has  been  freed  from  carbonates.  One  hundred 
cc  of  the  solution  should  neutralize  32.38  cc  normal  acid.  One  cc  is  equal  to  one 
mg  PiOj  (1  per  cent  PjO.i  on  basis  of  0.1  gram  substance). 

(h)  Standard  nitric  acid  solution. — The  strength  of  this  solution  is  the  same  as,  or 
one-half  that  of,  the  standard  alkali  solution,  and  is  determined  by  titrating 
against  that  solution,  using  phenolphthalein  as  indicator. 

(c)  Phenolphthalein  aolation. — One  gram  of  the  phenolphthalein  is  dissolved  in 
100  cc  of  alcohol. 

lu  addition  to  the  method  as  adopted  the  following  suggestions  are 
ofl'ered  by  the  referee : 

Filters  in  the  following  order  of  preference  are  recommended:  (1)  That  made  by 
putting  a  perforated  porcelain  or  other  disk,  well  filled  with  holes,  iii  the  glass 
carbon  filters  used  for  a  gooch,  attaching  a  stiif  piece  of  wire  to  the  plate  with 
which  to  push  it  out  of  the  tube,  and  covering  the  plate  with  an  asbestos  filter.  (2) 
The  porcelain  gooch  of  good  size  with  false  bottom  well  filled  with  holes,  the  bottom 
being  covered  with  an  asbestos  filter.  (3)  The  Hirsch  funnel  with  bottom  well  filled 
with  holes  and  covered  with  an  asbestos  filter.  (4)  Funnel  and  filter  paper  with  or 
-without  pressure. 

Instead  of  precipitating  at  6o^  C,  precipitation  may  be  made  at  room  temperature 
by  shaking  for  about  thirty  minutes  in  some  convenient  form  of  shaking  machine. 

The  president  called  for  papers  on  phosphoric  acid  and  discussion  of 
the  report  of  the  referee. 

In  regard  to  the  estimation  of  available  ])hosphoric  acid  in  basic  slag, 
Mr.  Wheeler  stated  that  he  had  attended  the  meeting  of  the  repre- 
seutatives  of  the  German  experiment  stations  last  summer,  and  that  in 
view  of  the  fact  that  much  difficulty  has  been  experienced  in  the  past 
in  obtaining  comparative  results  even  on  the  same  sample  in  different 
German  laboratories,  Professor  Wagner  proposed  that  a  2  x>er  cent 
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citric  acid  solution  be  adopted  in  lieu  of  the  acid  citrate  solution  previ- 
ously employed,  and  that  the  conditions  of  treatment  should  remaiu 
the  same  as  heretofore.  His  suggestioii  was  very  strongly  supported 
by  Professor  Maercker,  of  Halle,  and  a  few  others.  The  result  is  tliat 
members  of  the  association  are  to  make  a  trial  of  the  method,  and  they 
are  to  meet,  probably  in  January,  in  Berlin,  in  order  to  consider  its 
final  adoption.  It  is  su[)posed  to  give  about  1  per  cent  more  of  avail- 
able phosphoric  acid  in  ordinary  slags  than  tlie  usual  citrate  method. 
but  it  is  hoped  that  it  will  accord  very  closely  with  the  results  obtained 
in  vegetation  experiments,  and  such  further  experiments  will  be  cou- 
ducted  in  order  to  ascertain  if  it  be  more  reliable  as  a  guide  to  the 
assimilability  than  the  method  formerly  employed. 

At  the  conclusion  of  the  discussion,  the  committee  a])i)ointed  to  wait 
upon  the  Secretary  and  Assistant  Secretary  of  Agriculture  announced 
that  it  had  performed  the  duties  imx)osed  upon  it.  The  Secretary  of 
Agriculture  received  the  committee  and  promised  to  attend  the  con- 
vention at  some  period  of  its  sessions,  but  was  unable  to  name  a  defi- 
nite hour.  The  Assistant  Secretary  was  absent  from  the  city  and 
therefore  could  not  be  seen. 

The  president  called  for  the  reports  of  the  committee  on  recommen- 
dations of  referees.  The  committee  made  the  following  report  upon 
the  recommendation  of  the  referee  on  nitrogen : 

The  committee  iipou  recommeudatiuus  of  referees  recommenils  tbe  adoption  of  the 
recommendation  of  tbe  referee  ou  nitrogen  that  a  further  trial  be  made  of  the  potas- 
sium permanganate  methods  for  the  determination  of  the  availability  of  organic 
nitrogen  in  fertilizers. 

The  report  of  the  committee  was  adopted. 

The  committee  also  presented  the  following  report  on  the  recommen- 
dations of  the  referee  on  potash : 

Your  committee  concurs  with  tbe  referee  in  the  recommendation  that  the  Lindo- 
Gladding  method  be  adopted  for  determining  water  soluble  potash  hi  woodashe:^ 
and  cotton-hull  ashes,  special  attention  being  paid  to  the  words  "The  precipitate 
should  bo  perfectly  soluble  iu  water/'  found  in  tbe  description  of  this  method  on 
page  2,  Circular  No.  4,  United  States  Department  of  Agricnlture,  Division  of 
Chemistry. 

The  report  of  the  committee  was  approved. 

The  committee  also  presented  the  following  report  ou  the  recom- 
mendations of  the  referee  on  phosphoric  acid : 

Your  committee  recommends  that  the  volumetric  method  for  the  determiuatioo  ('f 
phosphoric  acid  us  described  in  tbe  report  of  the  referee  be  adopted  as  an  optiooal 
method. 

After  a  somewhat  prolonged  discussion  the  action  of  the  committee 
was  approved. 
At  4  o^clock  the  association  adjourned  until  Saturday  morning. 
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SECOND  DAY. 

SATUEDAY— MORNIHG  SESSION. 

After  the  dispatch  of  some  routine  business,  and  announcements  by 
the  secretary  and  others,  the  president  called  for  the  report  of  the 
referee  on  soils  and  ash.  The  report  was  read  by  the  referee,  Mr. 
Harry  Snyder. 

BEPOBT  ON  SOILS  AND  ASH. 
By  Harry  Snyder,  Referee, 

The  referees  on  soils  and  asli  were  instructed  by  this  association  to  coutinue  the 
investigations  relating  to  the  use  of  a  fifth  normal  hydrochloric  acid  solution  as  a 
solvent  for  the  available  phosphoric  acid  of  the  soil,  and  the  calcium  chlorid  and 
the  ammouium  chlorid  methods  for  the  determination  of  available  potash. 

It  was  also  considered  advisable  to  include  the  determination  of  (1)  the  total  nitro- 
gen, (2)  the  nitrogen  content  of  the  humus,  and  (3)  the  calcium  in  the  form  of  caj- 
ciam  carbonate.  A  circular  letter  was  issued  inviting  the  cooperation  of  all  station 
chemists.  Fourteen  favorable  replies  were  received,  and  reports  were  obtained  from 
six  laboratories. 

It  was  thought  best  to  secure  results  from  as  large  a  number  of  soils  as  possible,  so 
that  the  accuracy  of  the  methods  might  be  tested  on  different  types  of  soil.  Ten 
soils  were  selected  for  the  work.  Some  difficulty  was  experienced  in  securing  suit- 
able samples.  While  it  is  claimed  that  $60,000,000  worth  of  commercial  fertilizers 
are  annually  used  in  this  country,  it  is  surprising  to  find  how  small  a  number  of 
soils  are  known  from  carefnlly  conducted  experiments  to  be  deficient  in  one  or  more 
of  the  essential  elements  of  plant  food. 

DESCRIPTION  OF  SOILS. 

Soil  So,  1.  Deficient  in  available  phosphoric  acid. — This  soil  was  secured  by  Mr.  A. 
M.  Peter,  of  the  Kentucky  Station,  from  the  farm  of  Mr.  Thomas  R.  Walker  at  Junc- 
tion City,  Kyi  Experiments  have  shown  that  this  soil  is  deficient  in  available  P.'Os, 
and  is  apparently  well  supplied  with  available  potash,  although  there  is  no  super- 
abundance of  that  element.  (Ky.  Bulletin  61,  pp.  11-14).  This  land  had  a  few 
months  previously  received  a  dressing  of  200  pounds  per  acre  of  acid  phosphate. 

Soil  JVb.  £.  Deficient  in  available  potash, — From  the  Kentucky  Agricultural  Experi- 
ment Station.  This  soil  has  never  received  any  fertilizer,  and  experiments  conducted 
for  a  series  of  years  indicate  poverty  in  K2O. 

Soil  Xo.  S.  Deficient  in  available  nitrogen. — From  near  Raleigh,  N.  C,  furnished  by 
Mr.  Withers,  of  the  North  Carolina  Experiment  Station.  This  soil  is  deficient  to  a 
less  extent  in  available  P:Os. 

Soil  No,  4.  Deficient  in  available  nitrogen, — From  the  North  Louisiana  Experiment 
Station,  furnished  by  Director  Stubbs.  This  soil  is  also  slightly  deficient  in  avail- 
able phosphoric  acid,  and  while  analyses  have  shown  it  to  be  deficient  in  potash  we 
fail  to  see  any  response  to  any  form  of  this  ingredient.  This  soil  has  never  been 
fertilized. 
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Soil  Xo.  5.  Mixed  soiU, — From  the  Ohio  Experiment  Station.  This  soil  is  now 
under  investigation,  and  Director  Thorne  staten  that  he  is  not  yet  prepared  to  say 
just  what  constituents  are  lacking.  This  sample  was  made  up  from  twenty -seven 
separate  samples  taken  from  nine  plots.  Inasmuch  ns  this  soil  is  to  he  snhjocted  to 
careful  field  tests  with  fertilizers,  it  will  be  interesting  to  observe  to  what  extent  the 
laboratory  results  agree  with  the  field  tests. 

Soil  Xo.  0,  **  irom-out  soil." — From  near  Columbia,  Mo.  Director  Waters  writes 
that  this  soil  has  been  cropped  without  manures  for  over  forty  years,  and  it  has  been 
so  reduced  in  crop-producing  power  that  it  yields  less  than  5  bushels  of  corn  per 
acre,  while  adjoining  land,  as  soil  6A,  which  has  been  properly  manured,  yields  60 
bushels  per  acre. 

Soil  Xo.  7.  Deficient  in  lime. — From  the  Rhode  Island  Experiment  Station. 

Soil  Xo.S.  Virr/ih  soil  of  average  fertiliti/. —From  the  Minnesota  Experiment  Sta- 
tion. Similar  soils  whicli  have  been  cropped  for  thirty  years  show  no  material 
response  when  commercial  fertilizers  are  applied,  but  are  benefited  by  applications 
of  stable  manure. 

^Soil  Xo.  9,  Virdin  soil  of  high  fertility. — From  the  substation  at  Crookston,  Minn. 
Similar  soils  which  have  been  cropped  for  ten  years  are  not  benefited  by  applications 
of  commercial  fertilizers,  but,  if  anything,  show  a  slight  decline  in  yields  when  they 
are  used. 

Soil  Xo.  10. — For  mechanical  analysis. 

DIRECTIONS  FOR  WORK  ON  A.  O.  A.  C.  SOIL  SAMPLES  FOR  1898. 
(1)  Thp:  Detkrmixatjon  of  Moisture. 

Use  the  official  method  described  in  bulletin  46,  page  38,  Division  of  Chemistry, 
United  States  Department  of  Agriculture.  Calculate  all  results  to  the  water-free 
basis. 

(2)  The  Determination  of  1*hosphoric  Acid  Soluble  in  N/5  HCl. 

(a)  Preliminary  treatment.— Wv^e^t  20  grams  of  soil  with  200  cr  of  N/.>  HCl  in  a 
water  bath  at  40*^  for  five  hours.  Titrate  20  cc  of  the  clear  filtrate  against  a  stand- 
ard KOH  solution,  using  phenolphthalein  for  the  indicator.  From  the  data  thus 
secured  calculate  the  amount  of  HCl  necessary  t^o  be  added  so  that  the  solution  will 
be  N/5  after  allowing  for  the  acid  neutralized. 

(&)  The  determination. — Place  from  50  to  100  grams  of  soil  in  an  Erlenmeyer  llask, 
and  add  10  cc  of  acid  corrected  for  neutralization,  as  directed  under  (a),  for  every 
gram  of  soil  used.  The  flask  is  corked  with  a  rubber  stopper  which  carries  a  ther- 
mometer. The  flask  is  placed  in  a  water  bath  previously  heated  to  40-.  The  soil  is 
digested  for  five  hours  at  a  temperature  of  40^,  and  the  contents  of  the  flask  are 
thoroughly  shaken  every  half  hour  during  the  digestion. 

The  solution  is  filtered  through  a  ribbed  filter  of  two  thicknesses  of  paper,  refilter- 
ing  the  first  portion  if  cloudy.  Tiie  filter  should  be  large  enough  to  receive  the 
entire  contents  of  the  flask.  Before  filt-ering  the  contents  of  the  flask  are  well 
shaken.  From  400  to  600  cc  of  the  filtrate  (at  20^)  are  evaporated  to  dryness  after 
adding  from  1  to  3  cc  HNO;>.  If  there  be  any  appreciable  amount  of  organic  matter 
present,  the  residue  is  to  be  carefully  ignited.  Moisten  the  residue  with  HCl  and  add 
from  50  to  100  cc  distilled  water  and  digest.  Filter,  neutralize  with  ammonia,  add 
5  cc  strong  HNO.)  and  15  grams  of  ammonium  nitrate  in  solution.  Complete  the 
determination  according  to  one  of  the  official  methods  given  for  the  determination 
of  phosphoric  acid,  or  use  the  Goss  method,  as  given  in  Circular  4  to  accompany 
Bulletin  No.  46. 

(3)  The  Determination  of  Potash  Soluble  in  N/5  CaClj. 

Pre])are  a  N/5  solution  of  CaCli  by  dissolying  the  chemicnlly  pure  salt  in  distilled 
water  and  titrating  against  standard  AgNO;,  using  potassium  chromate  as  an 
indicator. 
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Digest  30  grams  of  soil  with  500  cc  of  this  solvent  for  five  hours  at  40",  as  directed 
in  section  2.  Evaporate  400  cc  of  the  filtrate  to  dryness  in  a  porcelain  dish  after 
adding  a  few  cc  of  HCl  and  HNOj.  Take  up  with  water,  add  ammonium  hydrate  to 
alkaline  reaction,  and  precipitate  lime,  etc.,  with  ammonium  carhonato  and  oxalate. 
Filter,  add  i  cc  of  concentrated  HjS04  to  the  filtrate  and  evaporate  to  dryness  in  a 
large  platinum  dish.  Thoroughly  dry  in  the  air  hath  at  from  140^^  to  150^,  ignite, 
and  continue  the  determination  hy  the  Lindo-Gladding  method. 

(4)  The  Determination  of  Potash  Soluble  in  Ammonium  Chlorid. 

Make  up  a  N/20  solution  of  ammonium  hydrate  by  titrating  against  standard 
acid,  using  cochineal  as  the  indicator,  and  dissolve  10.68  grams  of  chemically  pure 
cr.*  stalline  NHjCl  in  each  liter  of  the  same. 

Digest  50  grams  of  soil  with  500  cc  of  this  solvent  exactly  as  under  2.  Evapornte 
400  cc  of  the  filtrate  to  a  small  volume  in  a  porcelain  dish,  transfer  to  a  good-sized 
platinum  dish,  add  i  cc  of  concentrated  H^SO^,  and  finish  the  evaporation  over  a 
water  bath.  Heat  in  the  air  bath  nt  from  140°  to  150°,  ignite,  and  continue  the 
determination  by  the  Lindo-Gladding  method. 

(5)  The  Determination  of  Total  Nitrogen. 

Use  the  method  outlined  on  page  2  of  Circular  No.  2  accompanying  Bulletin  No.  46. 
Nitrates  are  not  to  be  included. 

(6)  The  Nitrogen  Content  of  the  Humus. 

Place  from  10  to  25  grams  of  soil  in  a  200  cc  glass  stoppered  bottle.    Add  150  cc  of  a 

1  per  cent  solution  of  HCl;  if  the  soil  contain  a  higher  per  cent  of  lime  use  a  2  per 
cent  HCl  solution.  Allow  the  acid  to  act  on  the  soil  for  about  five  hours,  with 
occasional  shaking  of  the  contents  of  the  fiask.  Decant  into  a  filter,  add  a  fresh 
(luantity  of  acid  to  the  soil,  decanting  at  the  end  of  two  hours.  Continue  to  treat 
the  soil  with  acid  until  no  reaction  for  calcium  is  obtained;  then  wash  with  distilled 
water  until  the  washings  are  only  slightly  turbid  to  AgNOs.  The  soil  on  the  filter  is 
then  transferred  to  the  glass- stoppered  bottle,  using  150  cc  of  a  3  per  cent  NaOH 
solution.  The  bottle  is  occasionally  shaken,  and  after  from  three  to  five  hours  the 
solution,  after  settling,  is  decauted  into  a  500  cc  fiask.  A  fresh  quantity  of  alkali  is 
added,  and  the  treatment  is  continued  until  the  extract  becomes  nearly  colorless. 
Three  or  four  treatments  are  usually  necessary.  The  solution  in  the  fiask  is  made  up 
to  500  cc,  shaken  well,  allowed  to  settle,  and  then  a  200  to  400  cc  filtered  portion 
is  placed  in  a  Kjeldahl  digestion  flask,  neutralized  with  HjS04  and  evaporated  nearly 
to  dryness.    The  nitrogen  determination  is  completed  in  the  usual  way. 

(7)  The  Determination  of  Calcium  Carbonate. 

(a)  To  100  grams  of  soil  in  a  large  fiask  or  bottle  add  2,500  cc  of  water  saturated 
with  pure  CO*  (made  from  NajCOs  or  NaHCO:,).  Shake  the  fiask  twice  a  day  and 
allow  the  solution  to  act  on  the  soil  for  three  days.  To  2,000  cc  of  the  clear  filtrate 
add  HCl  nntil  acid  and  evaporate  to  dryness.  In  the  presence  of  organic  matter 
the  residue  is  carefully  ignited  and  then  dissolved  in  50  cc  distilled  water  and 

2  cc  HCl.  Ammonia  is  added;  any  precipitate  obtained  is  removed  by  filtering. 
Ammonium  chlorid  is  added  and  the  calcium  is  then  precipitated  with  ammonium 
oxalate.  The  calcium  ib  determined  volumetrically,  with  a  N/10  permanganate  solu- 
tion.   Keport  results  as  CaO. 

(8)  Determination  of  Coarse  and  Medium  Sand. 

Place  10  grams  of  soil  in  a  small  beaker;  add  about  100  cc  of  water  and  heat  for 
ten  minutes  on  a  sand  bath.  During  the  heating  pestle  the  soil  with  rubber-tipped 
glass  rod.    Connect  ihe  0.5  mm  sieve  by  means  of  a  Gooch  crucihle  fitting  with  a 
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filtering  flask.  Four  the  contents  of  the  beaker  into  the  sieve,  using  the  glass  rod 
if  necessary  to  prevent  clogging.  Wash  the  material  in  the  sieve  with  distilled 
water  until  the  washings  are  clear,  then  pass  100  cc  more  water  through  the  sieve. 
Remove  the  sieve  to  a  drying  oven,  and  when  dry  transfer  the  contents  to  a  crucible, 
ignite,  and  weigh. 

The  contents  of  the  flask  are  then  passed  through  the  0.25  mm  sieve,  and  the  par- 
ticles between  0.5  and  0.25  mm  determined. 

Determine  the  moisture  in  a  separate  sample  of  soil,  and  report  all  results  on  dry 
soil. 

The  results  obtained  by  different  analysts  in  respect  of  phosphoric  acid  are  found 
in  the  following  table: 


Per  cent  phosphoric  acid  soluble  in  N/5  HCL 


Description. 


Deficient  in  P,05 1 

Deficient  in  PjOs  .... 
Deficiency  unknown. 

General  poverty 

Virgin  soil,  average 

fertility , 

Virgin  soil,  high  ler- 

tility 


NewMez-  a,' 

ico.        s 

tl 

^ 

«-•  a 

i^ 

®2 

a 

»-ft 

cc 

es  g 

.    I^H 

§ 

^ 

1  ■  S  ,1 

1 

4   i 


t 

a 
1= 

»^ 

e 
1 


3 


^  .  I 

^£ 

,  c  . 

»  9. 

iii 


PtreenV 


I 


I 


.10 
.05 


^002 
.003 
.002 


0026 


N/4.  99  0. 002  0. 001 0. 002  0. 003  0. 004 

N/4.99 ' ' ' 

N/4.99 ! } j 

N/4.49   .002*  .003   .002 


1?;   N/4.74    .022]  .019   .033   .032... 


I      I 


I 


23,   N/2.60   .063    .065   .06]*  .06l|  .035 


I 


0. 004  0. 0025  0. 0013  0. 002  0. 0026 

I ^....    .0023 

0024'  .003   .0028 
0022 


.019 


I 


I 


I 


.0170'  .0300   .038   .0200 

I  .  i 


.028' 0670   .058    .0350 

I L 


The  HCl  solution  was  N   5  after  correcting  for  basic  material  in  the  soils 

Soil  No.  9  digested  in  N/5  HCl  without  correcting  for  basic  material  gave  0.044  per  cent  P^Os. 

The  phosphoric  acid  results  are  as  a  whole  satisfactory.  Soil  No.  1,  known  to  be 
deficient  in  available  PiO.s,  shows  an  average  of  0.0029  per  cent  soluble  in  fifth  nor- 
mal hydrochloric  acid,  or  less  than  100  pounds  per  acre.  Similar  results  were 
obtaiued  from  soil  No.  4,  which  is  deficient  in  P^Os.  In  soil  No.  6,  the  one  of  gen- 
eral poverty,  there  is  only  0.0022  per  cent  soluble  P>06.  Soil  No.  5,  according  to  the 
analytical  results,  is  deiicient  in  available  P.2O0.  A  recent  bulletin  from  the  Ohio 
Experiment  Station  statics  that  field  experiments ''apparently  justified  the  conclu- 
sion that,  for  the  soils  and  crops  under  test,  phosphoric  acid  is  at  present  the  most 
important  constituent  of  a  fertilizer,  with  nitrogen  and  potash  following  in  the  order 
named.''  In  the  case  of  this  soil  the  laboratory  results  anticipated  the  field  results. 
With  soils  Nos.  8  and  9,  known  to  contain  liberal  amqunts  of  phosphoric  acid,  the 
results  show  respectively  ten  and  twenty  times  as  much  soluble  phosphoric  acid  as 
iu  the  case  of  soils  deficient  in  this  element. 

The  presence  of  two-thousandths  of  a  per  cent  of  an  element  in  a  soil  report  may 
seem  to  many  like  a  very  small  amount,  and  to  be  within  the  limits  of  error  in  ordi- 
nary analytical  work.  The  percentage  amounts  are  small  because  such  a  large 
amount  of  soil  is  used,  and  not  because  there  is  only  a  small  weighable  amount  of 
material.  In  fact,  nearly  40  mg  of  magnesium  pyrophosphate  are  secured  for  final 
weighing.  In  water  analysis  the  figures  for  albuminoid  ammonia  would  be  even 
less  than  0.002  per  cent  onlculated  on  a  percentage  basis. 
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The  eitrio  aoid  method,  as  proposed  by  Dyer,  has  also  been  subjected  to  further 
investigation,  with  the  following  results: 


Analyst. 


Soil  No.  1. 

Deticient  in 

available 


Shutt,  Canada 

Charran,  Canada 

Hummel,  Minnesota., 


Soil  No.  8.        Soil  No.  9. 

Soil  No.  4.    .  y train  soil,  !  Virein  soil. 

Deficient  in  '  not  deficient. :  not  deficient. 

available     :  Average  fer-      Hieh  fer- 

PtO,.        i        tility.  tilitv. 

p,o».         p,o;. 


cent. 

Per  cent. 

P«r  cent. 

0.0054 

0.0028 

0.0197 

.0054 

1 

.0048 

.0210 

Per  cent. 
0.0189 
.0106 
.0175 


While  the  results  by  citric  acid  show  a  diflferenco  between  soils  deficient  and  soils 
well  stocked  with  available  phosphoric  acid,  the  method  does  not  make  as  sharp  a 
distinction  as  the  N/5  HCl  method.  In  fact,  citric  acid  shows  but  little  difference 
between  the  amounts  of  soluble  phosphoric  acid  in  soils  8  and  9,  while  the  N/5  HCl 
shows  a  marked  difference.  Soil'  No.  9  is  much  more  liberally  supplied  with  avail- 
able phosphoric  acid.  In  former  reports  it  has  been  shown  that  1  percent  citric  acid 
fails  to  give  satisfactory  results  for  the  determination  of  the  available  P-Os  of  the 
soil.     (Gobs,  p.  87,  Association  Report,  1896.) 

Some  objection  has  been  made  against  the  use  of  N/5  HCl  as  a  solvent  for  avail- 
able phosphoric  acid  on  the  ground  that  it  is  too  active  a  solvent.  In  the  ease  of 
soil  No.  1,  deficient  in  available  F^Oa,  citric  acid  was  a  more  active  solvent  than  N/5 
HCl,  while  in  the  case  of  soil  No.  9,  which  contains  a  liberal  supply,  the  N/5  HCl 
was  the  more  active  solvent.  This  difference,  however,  is  in  favor  of  the  HCl. 
How  this  would  hold  in  the  case  of  a  large  number  of  soils  of  course  can  not  be  told. 

POTASH. 
[Soluble  in  N/5  CaCl,.] 


Analyst. 


I  ft«4i  v«  9      Soil  No.  8.     Soil  No.  9. 

iSfiii^St'n  ^  jf  i"  ~"-  ,'^^'wrr"- 

'  available   l    £:«™«?   |    ,3\^l 


K,(). 


verage 

fertility. 

K,0. 


j  Per  cent, 

O.  C.  Moore,  U.S.I>ept.  Agr 0.0090 

F.  S.  Shiver,  South  Carolina .0030 

Jno.  Thompson,  South  Carolina .  0027 

B.  L.  Hartwell,  Rhode  Island !  .0080 

Harry  Snyder,  Minnesota ;  .0070 


fertility. 
K,0. 


Percent,    i    Percent. 
0.0170  I  0.027O 

.0106    

.0005  >  .0296 

.0136    

.0156  ! 


[Soluble  in  alkaline  NH4CI.] 


€.  C.  Moore,  U.  S.  Dept.  Agr 

F.  S.  Shiver,  South  Carolina  ... 
Jna  Thompson,  South  Carolina 
B.  L.  Hart  well,  Rhode  Island . . 
Harry  Snyder,  Minnesota* 


0.0090 
.0067 
.0071 
.0148  i 

.0142  : 


0.02 


'  Huston  reports  on  this  same  soil  0.0137.    Bulletin  No.  40.  U.  S.  Dept.  Agr. 


0.077 
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Pofaah  results  from  Minnesota  Experiment  Station  Laboratory  by  the  referee. 

Per  e«iit. 

Soil  No.  1.— Fair  amount  of  available  KjO {^0^ 

Soil  No.  2.— Deficient  in  avaUable  KiO |  '^J^ 

Soil  No.  5.— Fair  amount  of  available  K«0 |  *  9J^ 

Soil  No.  6.— General  poverty {    023 

Soil  No.  8. — Virgin  soil,  average  fertility 02 

Soil  No.  9.— Virgin  soil,  high  fertility 077 

In  the  above  determinations  the  double  salt  of  potassium  and  platinum 


obtained  in  the  usual  way  and  was  then  dissolved  in  distilled  water  acidified,  and 
the  platinum  determined  by  electrolysis.  By  means  of  electrolysis  it  is  possible  to 
make  potassium  determinations  and  avoid  the  foreign  materials  usually  present  in 
the  final  product. 

In  soil  analysis  it  is  quite  essential  that  the  impurities  be  removed,  because  they 
are  present  in  larger  amounts  than  in  ordinary  fertilizer  work.  The  electrolytic 
method  for  the  determination  of  potash  is  particularly  applicable  to  soil  ^ork  where 
abnormal  amounts  of  impurities  are  present.  The  cause  of  the  unusual  discrepan- 
cies in  the  results  on  soil  potash  in  former  years  has  undoubtedly  been  due  to  the 
variable  amounts  of  impurities  present  in  the  final  product. 

Soluble  in  1  per  cent  citric  acid. 

[ResultB  reported  by  Mr.  Shutt;  chemist,  Dominion  Experiment  Farms.] 

,   Soil  No.  1.   ;    Soil  No.  4.     Soil  No.  8.     SoU  No.  9. 
Fair  amount  Fair  amount , 


of  available  ,  of  available  I  ^i^^?.!?'^'    ^*'^B°h**'  ^ 


K^O  solution,  soluble  in  1  per  cent  citric  acid  i    Per  cent.        Per  cent.    |    Per  cent 
solution 0.0120  0.0126,  0.0111 


Per  cent. 
0.0204 


In  the  case  of  the  ammonium  chlorid  method  for  the  determination  of  available  pot- 
ash, it  is  to  be  observed  that  a  higher  per  cent  of  soluble  potash  was  obtained  from  soil 
No.  1,  deficient  in  available  potash,  than  from  No.  2,  which  contains  a  fair  amount, 
and  that  soil  No.  6,  general  poverty,  shows  more  soluble  potash  than  No.  8,  a  virgin 
soil  of  average  fertility.  The  method  gives  valuable  indications  where  the  soils 
most  deficient  in  potash  are  compared  with  those  which  are  most  liberally  supplied 
with  potash,  as  No.  9. 

Citric  acid  givovs  but  little  promise  as  a  solvent  for  available  potash.  The  virgin 
soil  of  average  fertility  contains  less  potash  soluble  in  citric  acid  than  soil  No.  1, 
which  is  deticient  in  available  potash. 

Sufficient  results  were  not  secured  to  determine  the  value  of  the  N/5  CaCl^  method. 
This  method)  however,  possesses  one  serious  drawback — the  presence  of  a  large 
amount  of  lime  in  the  solution,  the  last  traces  of  which  are  difiicult  to  remove, 
requiring  excessive  washing  to  separate  the  potash.  The  relatively  large  amount  of 
lime  and  small  amount  of  potash  iu  the  solution  make  the  determination  of  the- 
latter  quite  difficult. 
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LIMK. 


The  use  of  carbonated  water  as  a  solvent  for  lime,  ah  proposed  by  Hallemann' 
(Landw.  Vers.  Stat.  41),  was  tested  in  the  Minnesota  Experiment  Station  laboratory, 
with  the  following  results : 


Soil  No.  7.  I  Soil  No.  8.  |  Soil  No.  9. 

dKh 
tilit 


Deficient 
in  lime. 


CaO. 


Per  cent. 

0.018 

.019 

.022 


Virgin  soil,  Virflfiu  soil, 
average    i       nigh 
fertility.       fertility. 


Percent.       Percent. 


0.80 


Fifty  grams  of  soil  No.  1  and  100  mg  of  CaCoj  gave  0.079  per  cent  CaO,  the  theo- 
retical per  cent,  making  no  allowance  for  fixation  changes,  being  0.125.  As  no  other 
results  were  received,  no  conclusion  can  be  drawn  regarding  the  value  of  this  method. 


NITROGEN. 
[Total  nitrogen  by  official  method.] 


Analyst. 

Soil  No.  3.— Defi- 
cient in  available 
nitrogen. 

SoiINo.4.-Defl- 

cient  in  available 

nitrogen. 

SoU  No.  8.— Vir-     Soil  No.  9.— Vir- 
gin soil,  average  \     gin  soil,  high 
fertility.         ,         fertility. 

Total 
nitro- 
gen. 

Humus 
nitrogen. 

niiro    i   H°^°"« 
geS       ^i^"*^^'^- 

Total 
nitro- 
gen. 

Hamus 
nitrogen. 

P.et. 
0.156 
.168 

Total 
nitro- 
gen. 

P.et. 

0.581 

.59 

Humus 
nitrogen. 

Frank  Shntt  Canada 

P.cL 

P.ct. 

P.et. 

0.049 

.046 

P.ct. 
0.029 
.017 

P.et 

0.253 

.25 

P.et. 
0  29 

Harry  Snyder,  Minnesota.. 

0.03 

0.01 

.25 

The  use  of  3  per  cent  NaOH  as  a  solvent  for  the  humus  nitrogen,  after  treating  the 
soil  with  dilute  HCl  and  distilled  water,  gave  concordant  and  closely  agreeing 
results. 

SEPARATION   OK   COARSE  AND   MEDIUM   SAND. 

When  the  soil  samples  were  distributed  it  was  the  plan  to  procure  sieves  with 
circular  holes  0.5  and  0.25  mm  in  diameter  for  the  separation  of  the  coarse  and 
medium  sand.  To  insure  accuracy,  it  was  the  desire  to  have  the  different  sets  of 
sieves  bored  with  the  same  drill,  so  that  the  results  would  be  more  comparable.  No 
dealer  in  chemical  supplies  was  found  who  would  agree  to  make  the  sieves  for  less 
than  $100  per  set.  Sieves  made  from  perforated  metal  were  finally  obtained,  but 
they  were  sent  to  tlie  analysts  too  late  for  any  results  to  be  secured.  The  separation 
of  the  various  grades  of  soil  particles  is  a  matter  which  lias  not  been  taken  up  by 
this  association.  There  are  many  problems  connected  with  the  mechanical  analysis 
of  soiJs  which  should  receive  careful  consideration. 

The  diameters  of  the  different  grades  of  particles  should  be  established  on  a  proper 
basis  and  not  on  a  conventional  one.  That  is,  there  should  be  a  constant  ratio 
between  the  diameters  of  the  different  grades  of  particles.  Mr.  Hopkins,  of  the  Illi- 
nois Experiment  Station,  proposes  as  a  constant  ratio  the  square  root  of  10.  The 
adoption  of  such  a  scale  would  enable  us  to  properly  define  the  various  grades  of  the 
soil  particles.  The  diameters  of  the  different  particles  should  vary  according  to  a 
constant  ratio.  At  present  the  ratios  of  the  diameters  vary  from  2  to  5,  which  does 
not  place  them  on  a  comparable  basis. 

The  adoption  of  a  constant  scaie  for  the  diameters  of  the  different  particles  is  as 
important  in  soil  work  as  the  metric  ^system  is  for  chemical  work.  In  the  mechan- 
ical analysis  of  soils  the  results  should  be  given  on  the  basis  of  the  dry  soil,  as  in  the 
chemical  analyses,  and  not  on  the  basis  of  tlie  air-dry  soil. 
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There  are  other  problems  iu  the  mecbanicni  analyses  of  soils  which  should  also 
reoeive  attention,  but  for  the  present  I  consider  that  the  two  matters  mentioned  are 
the  most  important. 

KBCOMMBKDATIOKS. 

The  following  recommendations  are  offered: 

I.  That  the  use  of  a  fifth  normal  solution  of  hydrochloric  acid,  as  proposed  by  Ooss, 
be  adopted  as  a  provisional  motho<l  for  the  determination  of  the  more  active  forms 
of  the  phosphoric  acid  in  soilsi, 

II.  That  for  the  humus  nitrogen  determination  a  3  per  cent  solution  of  KaOH  be 
used  a8  a  solvent  for  extraction  after  treating  the  soil  with  2  per  cent  HCl  and  wash- 
ing with  distilled  H^O.  This  simply  defines  the  strength  of  the  solution  and  leaves 
the  analyst  free  to  apply  the  principles  in  any  way  that  he  may  desire.  It  is  desir- 
able to  have  the  strength  of  the  solutions  defined,  so  that  results  will  be  more  com- 
parable. Experiments  have  shown  that  more  constant  results  are  secured  with  a  3 
per  cent  solution  than  with  one  of  any  other  strength. 

III.  That  the  use  of  (*aCl:  and  alkaline  NH4CI  as  solvents  for  potash  be  discou- 
tinued;  and  that  for  the  coming  year  the  so-called  International  European  method 
for  the  determination  of  available  pot&^h  be  given  a  trial. 

IV.  I'liat  Hallemann's  method  for  the  determination  of  the  active  lime  com- 
pounds of  the  soil  be  given  a  further  trial  during  the  coming  year. 

The  referees  desire  to  thank  the  various  analysts  who  have  taken  a  jiart  in  the 
work. 

The  recommendations  of  the  referee  were  referred  to  the  committee.  The  supple- 
mental report  on  ash  analysis  was  called  for,  and  read  by  Mr.  Hartwell. 


SITPFLEMEHTAL  BEFOBT  OH  ASH. 
By  Burt  L.  Haktwell,  Associate  Referee, 

At  the  request  of  the  referee  on  soil  and  ash  analysis  I  have  relieved  him  of  the 
duties  connected  with  the  preparation  and  mailing  of  ash  samples  and  compiling 
and  discussing  the  results  obtained  from  the  chemists  who  have  kindly  cooperated 
iu  the  work. 

The  hay  used  in  obtaining  the  ashes  was  taken  from  the  mow,  care  being  exer- 
cised that  no  more  dirt  be  admixed  with  the  ash  than  may  have  adhered  to  the  hay 
in  the  natural  course  of  curing.  It  is  not  probable,  under  the  circumstances,  that 
the  sample  of  ash  contained  more  than  1  per  cent  of  sand.  The  average  amounts  of 
insoluble  silica,  as  determined  by  the  association  on  tho  samples  of  ash  distributed 
during  1895, 1896,  and  1897,  have  been  41.56,  5.98,  and  12.05  per  cents,  respectively.  In 
view  of  the  conflicting  result*  which  have  been  obtained  in  the  separation  of  solable 
and  insoluble  silica,  it  becomes  very  desirable  to  know  the  probable  amount  of  for- 
eign material  which  is  contained  in  the  sample  distributed,  as  a  guide  in  qaestion- 
ing  reported  results.  As  a  largo  amount  of  insoluble  matter  would  be  out  of  place 
in  plant  ashes  intended  for  scientific  investigation,  it  would  seem  advisable  that 
care  be  taken  to  exclude  the  same  from  samples  intended  for  cooperative  work. 

In  the  preparation  of  the  ash  no  precaution  was  taken  by  burning  at  a  low  tem- 
perature to  prevent  the  volatilization  of  potash  and  soda.  The  conditions  under 
which  the  ignition  was  carried  on  were  such  that  the' manganese  was  converted  into 
the  form  of  manganic  acid,  as  shown  by  the  green  coloration  imparted  to  the  ash 
and  aqueous  solution,  due  to  potassium  and  sodiom  manganate,  and  the  pink  color 
exhibited,  upon  the  subsequent  addition  of  acid,  by  potassium  permanganate  thus 
foruied.  The  manganese  has  therefore  been  recorded  in  the  following  analyses  as 
MnO; ,  instead  of  the  more  usual  form  of  MusO^. 

The  following  circular  letter  was  sent,  with  samples  of  ash,  to  Elton  Fnlmer,  Pull- 
man, Wash. ;  F.  W.  Traphagen,  Bozeman,  Mont. ;  Harry  Snyder,  St.  Anthony  Park, 
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MiDn.,  and  the  Division  of  Chemistry,  Department  of  Agrionlture,  Washington, 
D.  C.J  who  had  expressed  a  wish  for  the  same: 

Kingston,  R.  I.,  May  f^o,  189S. 

Dear  Siu:  I  send  you  to-day  by  mail  a  sample  of  ash  prepared  from  a  mixed  hay, 
consisting  principally  of  orchard  grass  {Dactylis  glomeraia).  The  ash  was  bottled 
hot,  and  a  moisture  determination  should  be  unnecessary.  A  complete  analysis  is 
desired,  following  the  methods  described  in  Bulletin  46,  page  43,  Division  of  Chem- 
istry, United  States  Department  of  Agriculture. 

Considerable  difficulty  having  been  experienced  by  the  association  in  separating 
the  soluble  from  the  insoluble  silica,  and  as  the  process  is  important  on  account  of 
being  essential  to  the  determination  of  pure  ash,  a  sample  has  been  selected  which 
is  rich  in  soluble  silica  and  will  require  every  precaution  for  its  correct  determina- 
tion. Anyone  wishing  a  more  detailed  discussion  of  the  method  will  do  well  to  con- 
sult Fresenius's  Quantitative  Chemical  Analysis,  pages  420-421,  second  American 
edition,  where  several  important  precautions  are  mentioned.  Our  methods  do  not 
specify  the  amount  of  water  which  may  be  used  in  connection  with  the  saturated 
BtKlium  carbonate  solution.  Two  volumes  of  water  to  each  volume  of  the  saturated 
solution  are  recommended.  Please  state  whether  the  direct  or  indirect  method  was 
used  in  determining  the  soluble  silica.  Caution  is  necessary,  where  the  amount  of 
silica  in  the  soluble  form  is  as  large  as  in  the  sample  sent,  to  prevent  its  changing  to 
the  insoluble  form  at  an  undesired  time. 

As  no  method  is  given  for  the  determination  of  iron  and  alumina  in  ashes,  the  fol- 
lowing method  from  Crooke's  Select  Methods  in  Chemical  Analysis,  page  539,  second 
edition,  is  recommended  for  trial:  The  filtrate  from  the  precipitate  of  ammonium 
phosphomolybdate  obtained  during  the  determination  of  phosphoric  acid  is' 'cau- 
tiously neutralized  with  ammonia,  care  being  taken  that  the  temperature  does  not 
rise  above  -40^  C.  and  that  the  alkali  is  added  only  in  slight  excess;  allow  to  stand 
in  a  warm  place  until  the  precipitate  completely  settles,  nltt^r  the  clear  supematent 
fluid,  wash  by  decantation,  then  transfer  it  to  ^  filter,  and  finish  the  washing.  The 
precipitate  is  dried,  ignited,  and  weighed  as  ferric  oxid  and  alumina. '' 

Previous  to  weighing  the  potassium  and  sodium  chlorids  evaporation  must  be 
repeated  until  the  residue  is  completely  soluble  in  water.  It  is  advisable  to  add  a 
few  drops  of  hydrochloric  acid  before  the  final  evaporation. 

Please  report  results  as  soon  iU9  obtained,  describing  any  deviations  which  may 
have  been  made  from  the  prescribed  methods.  Suggestions  and  criticisms  concern- 
ing the  methods  are  especially  desired. 

Yours,  very  truly,  Burt  L.  Hartwell, 

Jasociafe  lieferee. 
Ash  sample. 


Element . 


J.E.Hay-  B.L.  Hart- 
wood,  Wash-  well,  Rhode 
iDgton,  D.  C.        Island. 


Mr.  Hummel, 
Minnesota.  ^ 


SolubleSiOg 

Inaoluble  SiOs 

Total  SiO,.... 

K,0 

NajO 

CaO 

MgO 

MnO|... 

A1,0, 

re,0, 

P^f 

SO, 

CI 

C 

CO, 

Total 

O  equivalent  to  Gl  . 

Correoted  total 


Percent. 
15.87  ! 


Per  cent. 
15.76 
.89 


16.76 
36.21 


2.86  , 


100.37 


Per  cent. 

4.  IS 
11.88 


16.65 
35.42 


2.84  !. 
99.68    . 


16.06 


3.35 

3.70  1 

7.62 

11.97 

11.62    

6.78 

5.74    .... 

1.03 

.«,!.... 

.58. 
.30   / 

.^.... 

9.83 

9.90 ; 

10.80 

8.55 

3.72* 

3.64 

12.70  1 

12.56  , 

12.87 

.14 

.06 

.89 

3.03' 

1.24 

1.58 

103.23 

102.52    .... 

<  These  results  were  obtained  by  an  advanced  student,  inexperienced  in  ash  analysis,  and  were  not 
intended  to  serve  as  a  test  of  the  method. 
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Mr.  Haywood  remarks  that  the  '^saud  aud  silica  were  determined  together.  The 
sand  was  then  determined  with  the  carbon  and  subtracted  from  the  combined  saud 
nud  silicia. 

"I  find  it  exceedingly  diflScult  to  get  rid  of  the  foreign  matter  in  determining  tbo 
cl)  lor  ids  of  sodium  aud  potassium.'^ 

Mr.  Hummel  used  the  direct  method  in  the  determijiation  of  soluble  silica.  H© 
reports  that  ''the  K.fO  results  were  unsatisfactory." 

I  determined  the  soluble  silica  by  the  direct  method  of  evaporating  the  alkaline 
filtrate  to  dryness.  Repeated  precipitation  and  evaporation  were  necessary  to 
obtain  the  alkaline  chlorids  in  a  pure  state  entirely  soluble  in  water. 

As  a  committee  was  appointed  at  the  last  meeting  of  this  association  to  carefully 
rewrite  the  methods  of  ash  analysis,  suggestions  from  me  as  to  changes  in  the  same 
would  be  inappropriate  at  this  time. 

In  the  report  of  the  referee  on  soil  and  a^h  analysis  for  1897  the  determination  of 
soluble  silica  was  ineutioned  as  being  of  very  doubtful  utility,  and  a  recommendation 
was  offered  to  omit  the  same.  The  separation,  nevertheless,  of  soluble  from  insoluble 
silica  is  necessary  in  obtaining  the  amount  of  pure  ash  in  a  given  sample,  i.  e.,  the 
amount  of  ash  ingredients  free  from  carbon,  carbon  dioxid,  and  sand  (insoluble  silica). 
An  analysis  of  so-called  ash  which  furnished  no  indication  of  the  amount  of  foreign 
material  present  would  be  of  doubtful  scientific  value,  llie  procedure  as  indicated 
in  the  methods  of  the  analysis  of  the  association  is,  I  believe,  capable  of  yielding  more 
uniform  results  than  have  been  heretofore  reported.  It  may  be  necessary  to  intro- 
duce Into  the  method  such  minute  directions  and  precautions  as  are  absolutely  essen- 
tial to  correct  results  before  the  inexperienced  will  be  able  to  make  a  determination 
which  will  be  looked  upon  as  a  test  of  the  method  rather  than  of  the  chemist. 

The  method  given  in  the  above  letter  for  the  determination  of  ferric  and  aluminic 
oxlds  seems  very  satisfactory  and  worthy  of  further  trial.  . 

Opinions  agree  as  to  the  extreme  tediousness  in  obtaining  the  chlorids  of  potash 
and  soda  tree  from  impurities  in  many  samples  of  ashes,  aud  it  is  hoped  that  your 
committee  will  recommend  some  changes  in  the  method  in  this  respect. 

As  considerable  difficulty  exists  regarding  the  determinations  of  silica  and  the 
alkalies,  and  as  concordant  results,  if  secured,  would  not  necessarily  represent  the 
correct  percentages  of  these  ingredients,  it  would  seem  to  be  desirable  to  adopt  the 
idea  followed  by  recent  referees  on  potash  and  prepare  an  artificial  ash  containing 
known  amounts  of  those  consituents  the  determinations  of  which  are  especially 
worthy  of  study. 

[The  methods  for  the  analysis  of  ashes  transmitted  by  the  referee 
will  be  found  iu  the  revised  edition  of  Bulletin  No.  46,  Division  of 
Chemistry.] 

At  the  conclusion  of  the  report  the  president  called  for  papers  on 
this  subject,  and  the  following  were  submitted: 

PB0BLEH8  IN  SOIL  DTVESTIQATIONS. 
By  Harry  Sxydkr. 

Some  objections  have  been  raised  against  the  use  of  HCl,  1.115  sp.  gr.,  as  a  sol- 
vent iu  soil  analysis  because  it  fails  to  give  the  available  plant  food.  It  is  argued 
that  one  soil  may  contain  0.40  per  cent  potash  sohible  in  HCl,  1.115  sp.  gr.,  and  be  defi- 
cient in  available  potJish,  while  another  soil  may  contain  0.20  per  cent  and  be  liberally 
supplied.  While  this  is  frequently  true,  it  does  not  follow  that  HCl  has  no  value 
'  as  a  solvent  in  soil  analysis.         ^ 

While  dilute  organic  acids  and  other  solvents  are  valuable  to  determine  the  degree 
of  solubility  of  the  materials  in  the  soil,  they  fail  to  give  any  insight  into  the  chem- 
ical character  of  the  soil.  With  the  results  from  both  HCl  and  dilute  acids  before 
him,  the  chemist  is  able  to  form  a  better  idea  of  the  true  nature  of  the  soil  than  if 
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either  resiiltB  were  considered  aloue.  With  IICl  as  a  solvent,  if  0.20  per  cent  CaO 
and  0.15  per  cent  Coi  he  ohtaiued,  there  is  no  necessity  for  making  an  available 
lime  determination  with  carbonated  water.  If  0.20  per  cent  CaO  be  obtained  and 
only  a  few  hundredths  of  a  per  cent  CO2,  then  there  is  reason  to  suspect  poverty  in 
available  lime. 

The  hydrochloric  acid  solvent  is  valnable  in  showing  an  unbalanced  condition  of 
the  plant  food  in  a  soil.     For  example,  let  iis  compare  two  soils. 


Soil  A.    I    SoilB. 

I 


Per  cent. 

Total  insoluble  matter I  82.40 

K,0 1  .40 

CaO I  .25 

PiOj •. I  .18 

CO, I  .02 

SO, , !  .01 

Total  nitrogen '  .15 


Per  cent. 

80.25 

.25 


.25 
.15 
.16 
.03 
.12 


Humus ,  2.00  I  1.88 

\ \ 

Field  tests  have  shown  that  soil  A  is  deficient  in  available  K.tO;  and  that  there  is 
no  larjfe  amount  of  either  available  N  or  P.Oa.  How  are  the  field  and  laboratory 
results  to  be  reconciled?  Soil  A,  with  0.4  per  cent  KsO,  is  in  need  of  available  KoO, 
while  H,  with  0.25  per  cent,  is  liberally  supplied. 

In  soil  A  the  low  per  cent  of  CO:  and  of  SOa  shows  that  the  lime  is  not  present  as 
carbonate  or  sulphate,  while  in  .B  it  is  present  mainly  as  carbonate.  In  soil  B 
there  is  a  more  balanced  condition  of  the  elements.  The  presence  of  the  lime 
carbonate  enables  the  potash  to  be  utilized,  because  it  furnishes  basic  material 
to  take  the  place  in  the  soil  of  the  potash  removed  in  the  crop.  The  conditions 
are  more  favorable  for  active  nitrification  in  B,  and  the  organic  matter  can 
not  produce  acid  products.  The  presence  of  the  neutral  organic  matter  in  this 
soil  exerts  a  favorable  influence  upon  the  availability  of  the  phosphoric  acid.  In 
soil  B  there  are  less  of  the  acid  soluble  plant  food  elements  than  in  A,  but  there  is  a 
better  balanced  condition  of  the  plant  food,  which  renders  it  more  available.  The 
fact  that  a  standard  can  be  established  as  to  the  minimum  amount  of  acid  soluble 
plant  food  a  soil  should  contain  does  not  materially  detract  from  the  value  of  the 
method.  An  isolated  soil  analysis,  like  an  isolated  analysis  of  a  well  water,  may 
fail  to  give  all  of  the  information  desired.  When,  however,  systematic  analyses  are 
made  of  the  well  waters  in  any  region,  valuable  results  are  secured.  So  with  soil 
analysis,  the  most  valuable  results  are  secured  when  a  number  of  fertile  soils  in  a 
locality  are  examined,  and  then  unknown  soils  from  the  same  locality  are  compared 
with  those  of  known  fertility. 

Many  stations  have  hesitated  to  undertake  soil  investigations,  fearing  that  the 
results  secured  would  not  compensate  for  the  efforts  made.  If  one-half  of  the  energy 
which  is  now  spent  in  the  analysis  of  fertilizers  were  directed  to  soil  investigations, 
there  is  no  question  but  that  valuable  results  would  be  obtained. 

In  working  out  methods  to  determine  the  degree  of  solubility  of  the  various  plant 
food  elements  the  methods  should  apply  to  all  kinds  of  soils.  A  significant  letter  from 
Dr.  Hilgord  touches  upon  this  point.  He  states  that  in  the  selection  of  soils  for  the 
association  work,  virgin  soils  should  be  represented,  particularly  that  class  composed 
mainly  of  silt  particles  and  containing  only  a  small  amount  of  clay  particles.  In 
such  soils  crops  feed  more  liberally  upon  the  mineral  matter  combined  with  organic 
compounds,  and  ordinary  methods  for  determining  available  plant  food  are  not  appli- 
cable to  such  soils.  Grandean's  methods  for  the  analysis  of  such  soils  is  the  most 
satisfactory  one  that  has  yet  been  proposed. 
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The  joint  nse  of  dilate  acids  to  determine  the  active  forms  of  phosphoric  acid  and 
potash;  of  carbonated  water  to  determine  available  lime,  and,  of  HCl,  1.115  sp.  gr., 
to  give  an  insight  into  the  chemical  nature  of  the  soi],  give  results  which  enable  the 
chemist  to  determine  with  a  fair  degree  of  accuracy  the  condition  of  the  soil  as  to  avail- 
able plant  food.  As  to  available  nitrogen,  it  wonld  seem  best  to  approach  this  prob- 
lem in  a  dififerent  way.  The  soil  should  first  contain  a  fair  amount  of  total  nitrogen ; 
and,  second,  the  soil  should  be  normal  in  composition,  so  that  the  nitrogen  may  be 
rendered  available.  The  total  nitrogen,  the  humus  nitrogen,  and  the  lime  soluble 
in  carbonated  water,  when  determined  and  the  results  are  properly  interpreted,  give 
valuable  indications  as  to  the  availability  of  the  soil  nitrogen. 

The  term  "  active  forms  of  plaut  food"  should  be  applied  to  the  phosphoric  acid 
and  potash  soluble  in  dilate  acids,  in  preference  to  the  term  ''available  plant  food,'* 
which  is  so  frequently  misused  in  commercial-fertilizerliterature. 

The  acid  or  basic  characteristics  of  soils  are  also  important  matters  to  consider.  In 
some  soils  there  are  excessive  amounts  of  alkaline  compounds,  while  in  others  there 
is  not  a  sufficient  amount  to  prevent  the  formation  of  organic  ^cids.  The  methods 
of  soil  investigations  should  be  suited  to  the  study  of  both  classes  of  soils.  Methods 
which  are  applicable  to  one  class  of  soil  sometimes  fail  when  applied  to  other  soils. 
For  example,  soil  No.  9  contains  3.15  per  cent  CaO.>  and  4.19  per  cent  CO.^,  which  make 
theoretically  over  7  per  cent  CaCO.».  When  this  soil  is  extracted  with  NH^OH  for 
the  determination  of  the  free  humic  acid  a  dark  brown  solution  is  obtained,  which, 
when  neutralized  with  an  acid,  gives  from  0.3  to  0.4  percent  of  weighable  freehamic 
acid  products.  When  the  soil  is  extracted  with  carbonated  wator,  0.8  per  cent  CaO 
is  obtained.  The  soil  is  liberally  supplied  with  lime  carbonate,  gives  an  indifferent 
reaction,  and  yields  0.3  to  0.4  per  cent  of  so-called  free  humic  acid  and  produces 
exceedingly  good  crops.  Evidently  the  method  for  the  determination  of  free  hamic 
acid  is  not  applicable  to  this  soil. 

Another  important  question  in  soil  investigations  is,  What  standard  shall  we  tak6 
for  determining  the. deficiency  of  any  element?  Many  have  answered  the  question 
by  saying  that  field  tests  should  be  made  the  standard.  But  are  simple  field  tests 
al  ways  reliable  f  To  illustrate :  Acid  phosphate  is  used  and  good  results  are  secnred ; 
the  conclnsion  is  drawn  that  the  soil  is  deficient  in  available  PsOa.  The  fact  that 
calcium  sulphate  is  an  invariable  constituent  of  the  phosphate  is  not  considered. 
The  action  of  the  sulphate  upon  the  soil  potash  and  nitrogen  may  have  been  eqnally 
as  important  a  factor  in  the  crop  production  as  the  available  phosphate;  in  fact, 
field  tests  are  not  infallible. 

In  rewriting  the  directions  for  soil  analysis  the  committee  appointed  at  the  last 
meeting  of  this  association  should  be  empowered  to  simplify  the  present  official 
method.  There  is  no  neeessit}'  for  first  precipitating  the  lime,  then  dissolving  it  and 
reprecipitating  it.  One  precipitation  with  careful  washing  is  sufficient.  The  volu- 
metric method  for  the  determination  of  CaO  should  be  made  an  alternate  method. 
The  method  is  a  rapid  and  reliable  one;  in  fact,  the  ignition  of  a  calcium  oxalate 
precipitate  is  not  an  easy  matter,  as  some  lime  may  be  reduced  to  an  oxid  while 
part  is  in  the  form  of  a  carbonate.  There  is  no  special  reason  why  the  determina- 
tion of  manganese  should  be  made,  and  there  is  nothing  gained  by  making  a«epara- 
tion  of  the  iron  and  aluminia.  By  making  our  present  method  more  direct  and 
omitting  the  unnecessary  determinations,  soil  analysis  will  be  relieved  of  some  of 
its  undesirable  features. 


DAHQER  OF  DKAWDTQ  ESROinSOIJS  OOlTaLirSIOFB  FBOK  PLAFT  SOIL  TE8T8. 
By  H.  J.  Whrelrr. 

The  data  to  be  presented  here  were  obtained  in  connection  with  a  soil  test,  by  means 
of  plants  and  fertilizers,  which  has  been  continued  without  interruption  for  nine 
consecutive  years  at  the  Rhode  Island  Agricultural  Experiment  Station.  The  test 
has  been  conducted  upon  eight  twentieth-acre  plots,  separated  from  one  another  by 
pathn  3  feet  wide.    It  comprised  a  plot  receiving  no  manui-e,  one  treated  with  nitro- 
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gen,  one  with  phosphoric  acid,  one  with  potash,  one  with  nitrogen  and  phosphoric 
acid;  one  with  nitrogen  and  potash,  one  with  potash  and  phosphoric  acid,  and  one 
with  all  three  manurial  substances.  Owing  to  some  inequalities  on  one  portion  of 
the  uumanured  plot,  and  to  certain  irregularities  in  the  treatment  of  that  which 
receiyed  all  three  manures,  their  detailed  consideration  here  has  been  omitted,  since 
it  appears  unnecessary  to  the  purpose  of  this  paper.  It  should  be  stated,  however, 
that  almost  without  exception  the  best  crops  have  been  obtained  by  the  combined . 
use  of  all  three  substances,,  and  the  poorest  ones  where  no  manure  was  applied, 
though  in  certain  seasons  but  little  advantage  has  been  gained  from  the  use  of  either 
nitrogen  or  potash  when  applied  singly. 

To  those  plots  where  the  manurial  substances  were  applied  either  separately  or  in 
connection  with  others  the  rates  per  acre  for  the  various  years  have  been  as  indi- 
cated below: 


Materia]. 


In  1890    1   I"l*;2 


Nitrate  of  socla 

DisHolrcd  boneblack 
Muriate  of  iM>taBh . . . 


Poundt. 
150 
350 

150 


l*oundt. 
480 
600 
200 


From  1890  to  1893,  inclusive,  the  entire  plots  were  devoted  exclusively  to  maize. 
In  189-4  thirty-seven  varieties  of  plants  were  employed,  two  rows  of  each  variety 
having  been  run  crosswme  of  the  plots,  with  the  hope  of  obtaining  an  idea  ns  to 
whether  they  would  all  give  similar  indicatious  as  to  the  needs  of  the  soil.  In  pur- 
suance of  the  same  idea,  a  few  of  the  varieties  which  gave  the  most  dissimilar  results 
in  1894  were  again  tested  in  1895,  1896,  and  1897.  In  18l<5  maize  was  not  included 
among  the  plants  tested,  which  explains  the  absence  of  results  for  that  year  in  the 
succeeding  table.  On  account  of  the  large  number  of  plants  employed,  the  area 
devoted  to  maize  in  1894  was  small,  thoUgh  it  was  largely  increased  in  1896  and  1897. 
Owing  to  the  remarkable  character  of  the  results  in  1897  the  entire  plots  were  once 
more  devoted  exclusively  to  maize  in  1898,  in  order  to  procure  the  fullest  data  pos- 
sible and  to  furnish  a  better  comparison  with  those  obtained  in  the  earlier  years 
before  other  crops  were  introduced  into  the  experiment. 

The  following  is  a  tabulation  of  the  results  secured  with  maize  during  the  eight 
years  when  that  crop  was  grown :  , 

Table  showing  the  relative  weights  (in  pounds)  of  maize  obtained  in  a  soil  test  in  the  ifears 
before  and  after  liming  the  soil. 

[In  the  year  1895  maize  was  not  grown  upon  the  plots.] 


Plot 
So. 


Manures. 


Yields  before  liming  (corn  and  stover),  i  ^*^*'*"a*^^JtI{"i;';^  ^^"""^ 


i    1890.   I     1801.        1892.    I     1893.       1894.'  I    1896.*      1897.«  l     1898. 


Nitrogen 180.0 

Phosphoric  acid 210. 0 

Pota«h 293.8 

Nitrogen    and    phosphoric  , 

acid I  273.8 

N  itrogen  and  potash 282. 5 

Potash  and  phosphoric  acid . ,  293. 8 


60.0 
129.0  ' 
107.5  I 

139.5  I 
112. 5  1 

157.8 


60.0  ' 
130.0 
61.0 

205.0  , 
88.0  ' 
230.0  I 


50.(1 
145.0 
112.5 

122.5 
102.5 
163.8 


215.0 
130.0 
295.0 


180.3  350.0 
222.5  '  395.0 
230.8  {      335.0 


J  Yield  from  two  rows  onlj%  running  crosswise  of  the  plots. 

*  Limed  in  the  spring  of  1896  and  planted  immediately.    Yield  from  eight  rows  only,  running  cross- 
irise  of  the  plots. 
•Yield  from  eight  rows  only,  running  crosswise  of  the  plots. 
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111  1890,  A8  may  be  Been  from  the  foregoing  table,  a  considerable  amount  of  readily 
assimilable  phosphoric  acid  must  have  been  at  the  disposal  of  the  plants,  since  pot- 
ash appeared  to  be  the  most  dedcient  mauurial  substance. 

From  1891  to  1894,  inclusive,  the  plots  receiving  single  manures,  as  well  as  those 
to  which  combinations  of  two  were  applied,  showed  without  exception  that  phos- 
phoric acid  was  by  far  the  most  deficient  ingredient. 

It  will  be  noticed  that  the  results  in  1896  (the  season  in  which  air-slacked  lime  was 
applied  to  all  of  the  plots  at  the  rate  of  2^  tons  per  acre)  point,  as  in  the  foregoing 
years,  to  a  greater  deficiency  of  phosphoric  acid  than  of  nitrogen  or  potash.  The 
two  succeeding  years,  however,  the  plots  receiving  single  manurial  substances  only, 
and  those  where  combinations  of  two  uuinures  were  employed,  gave  every  indication 
that  the  x)lants  were  no  longer  in  great  need  of  phosphoric  acid.  In  fact,  in  1898 
the  yield  from  the  potash  and*  nitrogen  plot,  where  maize  had  sometimes  made  but 
little  growth,  was  the  greatest  obtained  from  any  of  the  plots. 

Certain  cereals,  which,  like  maize,  had  shown  in  every  particular  in  1894  that  the 
soil  was  most  deficient  in  phosphoric  acid,  did  practically  as  well  in  1895  upon  the 
plot  receiving  potash  and  nitrogen  as  upon  that  treated  with  nitrogen  and  phos- 
phoric acid.  However,  on  account  of  the  fact  that  they  had  agreed  so  thoroughly 
with  maize  in  1894,  and  for  the  reason  that  in  1895  the  growth  upon  the  nitrogen  as 
well  as  upon  the  potash  plot  w:m  so  much  inferior  to  that  where  only  phosphoric 
acid  was  used,  it  was  concluded  that  by  mistake  ]>otash  and  nitrogen  must  have 
been  applied  in  1895  to  the  nitrogen  and  phosphoric  acid  plot  (No.  4),  while  the 
manures  intended  for  that  plot  were  ])robably  applied  to  plot  5,  which  should  have 
received  nitrogen  and  potash.  Nothing  has  since  transpired  to  change  this  view. 
Even  if  such  an  interchange  resulted,  this  factor  can  not  be  used  as  an  argument 
against  the  conclusion  that  lime  aided  by  a  largo  amount  of  moisture  was  probably 
the  prime  agent  in  producing  the  remarkable  results  of  the  last  two  years.  This  is 
evident  when  one  observes  that  the  yield  in  1896  upon  the  plot  receiving  nitrogen 
and  potash  had  again  fallen  far  behind  that  on  the  adjoining  one  which  received 
nitrogen  an;l  phosphoric  acid.  Even  if,  in  spite  of  this  evidence,  one  were  still 
inclined  to  attribute  the  changed  character  of  the  results  on  these  two  plots  in  1897 
and  1898  to  an  after  efi'cct  due  to  a  possible  interchange  in  the  manures  in  1895,  this 
would  not  furnish  an  explanation  of  the  remarkable  growth  of  the  maize  in  the  last 
two  years  u|M)n  the  plots  where  nitrogen  and  potash  were  applied  singly. 

Taking  into  consideration,  therefore,  every  objection  to  such  an  idea,'  one  is  forced 
to  the  conclusion  that  the  lime  had  probably  in  some  way  liberated  and  placed  at 
the  disposal  of  the  crop  large  quantities  of  phosphoric  acid  which  were  formerly 
almost  useless  and  not  in  condition  to  be  assimilated  by  plants.  It  must  be  evident 
from  what  has  been  shown  that  if  one  has  a  soil  which,  for  either  physical  or  chem- 
ical reasons,  needs  lime,  correct  conclusions  as  to  its  probable  manurial  requirement 
after  liming  are  not  likely  to  be  obtained  by  a  soil  test  from  which  lime  is  omitted, 
and  which  is  continued  for  but  one  or  two  seasons. 

Since  it  would  be  irrational  to  attempt  to  cultivate  land  sorely  in  need  of  lime 
without  resorting  to  its  use,  the  recognition  of  the  existence  or  absence  of  soil  . 
acidity  as  an  indication  of  whether  calcium  carbonate  is  deficient  or  not  seems  to  be 
a  step  which  should  in  certain  soils  jirecede  the  inauguration  of  a  soil  test. 

In  virgin  soils  Hilgard  finds  that  much  over  0.1  of  1  per  cent  of  x)hosphoric  acid,  as 
determined  from  solutions  obtained  by  digesting  the  soil  for  five  days  with  hydro- 
chloric acid  of  1.115  specific  gravity,  is  enough  to  insure  the  profitable  production  of 
crops  for  many  years  without  resort  to  phosphatic  manures.     By  digestion  with  acid 

>  It  is  possible  that  the  gypsum  in  the  superphosphate  may  have  exerted  a  favora- 
ble infiuence  upon  the  growth  of  the  maize,  but  when  one  considers  that  the  soil 
contained  more  than  0.5  of  a  per  cent  of  lime  (CaO)  in  various  forms,  and  that  in 
other  experiments  on  adjoining  plots  the  use  of  air-slacked  lime  was  of  no  particular 
advantage  to  the  crop,  there  seems  to  be  little  probability  that  the  wonderful  ertect 
from  the  use  of  superphosphate  before  liming  could  have  been  attributed  chiefly 
or  entirely  to  the  gypsum  instead  of  to  the  phosphoric  acid. 
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of  the  above  strength  for  ten  hours,  the  average  of  several  determinations  by  members 
of  the  Association  of  Official  Agricultural  Chemists  in  the  soil  of  plots  2  and  5  in  this 
test,  showed  0.202  and  0.191  per  cent,  respectively,  or  about  double  the  amount  which 
Hilgard  finds  ample  for  many  years  in  virgin  soils.  It  is  apparent,  therefore,  that 
the  fault  of  this  soil  lies  not  in  a  small  percentage  of  phosphoric  acid,  but  in  the 
form  in  which  it  exists  in  the  unlimed  acid  soil. 

In  1895  this  soil  was  selected  by  the  reporter  on  soils  and  ash  for  the  Association 
of  Official  Agricultural  Chemists  on  account  of  its  evident  deficiency  in  phosphoric 
acid,  for  use  in  comparative  tests  for  the  purpose  of  obtaining  a  reliable  chemical 
method  by  which  the  manurial  requirements  of  soils  long  under  cultivation  could 
be  ascertained.  So  far  as  tests  with  plants  had  till  then  shown,  a  better  soil  could 
hardly  have  been  obtained  for  the  purpose,  yet  after  liming  it  has  been  found  to  be  but 
slightly  in  need  of  phosphates.  This  seems  to  emphasize  the  fact  that  a  soil  test 
involving  the  use  of  potash,  phosphoric  acid,  and  nitrogen  only  may  not  always 
prove  an  accurate  guide  as  to  the  manurial  treatment,  nor  in  the  selection  of  soils 
<lesigued  to  serve  as  a  basis  for  judging  of  the  relative  merits  of  various  methods  of 
chemical  soil  analyses.  It  appears,  therefore,  that  each  plot  should  probably  receive 
such  an  amount  of  lime  or  other  compounds  as  may,  for  chemical  and  physical  rea- 
sons, be  required  to  put  the  soil  in  the  best  condition  in  other  respects  before  the 
test  as  to  relative  deficiency  of  nitrogen,  potash,  and  phosphoric  acid  is  made. 

In  view  of  the  presence,  in  many  of  the  States  of  the  Union,  of  soils  lacking  cal- 
cium carbonate,  thcvse  factors  appear  to  be  worthy  of  general  recognition,  since  their 
influence  upon  the  practical  and  scientific  deductions  based  upon  soil  tests  may  in 
many  cases  be  of  great  importance. 


USTDCATIOlir  OF  THE  LIME,  POTASH,  AHD  FHOSPHOBIO  AOID  IK  HAWAIIAK  SOILS  FBOB- 
ABLT  AVAILABLE  FOB  THE  DCMEDUTE  OBOF. 

By  Walter  Maxwell,  Hawaiian  Experiment  Station. 

ASPARTIG   ACID   METHOD. 

(1)  The  hypothetic  principle  of  this  method  rests  upon  the  assumption  that  the 
solvents  used  shall  compare  with  the  solvents  that  operate  in  the  processes  of  soil 
<lisintegration  and  plant-food  preparation  in  the  field.  (See  the  author's  work  on 
the  Lavas  and  Soils  of  the  Hawaiian  Islands;  also  American  Chemical  Journal,  Vol. 
XX,  No. -2,  p.  107.) 

(2)  The  standards  of  control  of  this  method  are  the  ascertained  results  of  the  nat- 
ural processes  of  soil  decomposition  in  the  field,  under  the  conditions  of  climate  and 
nature  of  the  soils  of  the  Hawaiian  Islands,  as  indicated  by  the  *' results  of  cropping'' 
and  ''the  composition  of  the  waters  of  discharge"  flowing  from  the  land  into  the 
sea.     (See  Lavas  and  Soils  of  the  Hawaiian  Islands. ) 

(3)  The  sample  is  obtained  by  the  mode  given  in  previous  publications,  viz,  by 
the  pipe  where  this  is  practicable,  otherwise  by  the  spade.  The  calculation  of  avail- 
able matter  per  acre  is  based  upon  the  specific  gravity  (weight  of  the  cubic  foot)  of 
the  soil  and  the  depth  to  which  the  sample  is  taken.  In  thin  soils  the  amount  is 
less,  in  deep  soils  greater,  than  the  amount  found  in  1  acre  to  a  depth  of  1  foot,  upon 
-which  depth  calculations  so  far  in  the  use  of  this  method  have  been  based. 

(4)  The  solvent  used  in  this  method  is  aspartic  acid.  This  acid  was  adopted 
because  it  was  found  that  ''aspartic  acid  dissolves  phosphoric  acid,  lime,  potash,  and 
other  bases  (iron  and  alumina)  out  of  the  soil  in  almost  the  exact  proportions  that 
these  elements  have  been  found  in  the  'waters  of  discharge,'  and  in  which  they  are 
being  removed  by  'cropping."'  (See  Lavas  and  Soils  of  the  Hawaiian  Islands,  pp. 
179-181.) 

(5)  The  method  established  and  use.)  so  far,  but  which  the  author  may  modify  in 
f^ome  features,  is  as  follows:  Two  hundred  grams  of  whole  soil  (not  fine  earth),  air 
dried,  was  put  into  a  glass-stoppered  Winchester  quart  bottle ;  to  this  soil  were  added 
1,000  cc  of  distilled  water  containing  10  grams  of  pure  aspartic  acid,  thus  making  a  1 
per  cent  solution.    The  bottle  was  gently  shaken  every  fifteen  minutes  during  the  day 
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portion  of  twenty-four  hours  (from  8  o'clock  a.  m.  to  5  o'clock  p.  m.).  By  "gently 
shaken ''  is  meant  that  the  bottle  was  taken  up  and  shaken  in  ciroular  movement 
until  the  soil  at  the  bottom  was  totally  and  thoroughly  moved,  but  without  ever  vis- 
ing above  the  surface  of  the  solution,  thus  avoiding  a  remnant  of  the  soil  attaching 
to  the  sides  of  the  bottle  above  the  solution  surface.  This  explanation  is  given 
because  it  has  been  shown  that  in  "shaking  the  bottle  containing  the  soil  and  sol- 
vent, which  is  the  only  mode  of  securing  a  uniform  distribution  and  action  of  the 
solvent,  the  results  of  the  action  will  be  in  large  measure  proportionate  to  the  mode 
and  vigor  of  the  shaking.''  (See  Lavas  and  Soils,  pp.  136-138.)  At  the  end  of 
twenty-four  hours  the  contents  of  the  bottle  were  emptied  upon  a  filter,  when  750  cc 
of  the  clear  filtrate  was  taken  for  analysis.  The  7^0  cc  of  filtrate  was  evaporated 
to  dryness  and  the  residue  gently  ignited  to  remove  all  organic  matter.  The  mineral 
residue  was  moistened  with  hydrochloric  acid,  evaporated,  and  dried,  then  again 
softened  with  the  same  acid,  warmed,  and  taken  up  with  water  and  filtered.  After 
removal  of  iron  and  alumina  from  the  filtrate  with  ammonia,  the  lime  and  potash 
were  estimated  in  the  usual  way.  The  ammonia  precipitate,  containing  also  the 
iron  and  alumina,  was  dissolved  in  a  little  hydrochloric  acid,  neutralized  with 
ammonia,  the  solution  cleared  with  a  little  nitric  acid,  after  which  the  phosphoric 
acid  was  precipitated  and  estimated  by  the  common  practice. 

(6)  The  estimation  of  the  amounts  of  the  elements  that  are  "probably  available 
for  the  immediate  crop"  is  drawn  from  the  foregoing  analysis:  As  "  a  1  per  cent 
solution  of  aspartio  acid  takes  out  of  Hawaiian  soils  in  twenty-four  hours  the  same 
amounts  of  lime,  potash,  and  phosphoric  acid  that  are  removed  during  the  produc- 
tion of  ten  crops  of  cane,  therefore  one- tenth  of  these  amounts  may  be  taken  as  a 
nearest  approach  to  the  proportions  of  lime,  potash,  and  phosphoric  acid  that  are 
available  for  the  immediate  crop.'*    (See  Lavas  and  Soils,  p.  181.) 

As  it  has  been  said,  the  principle  of  this  method  rests  upon  the  assumption  that 
the  solvent  used  shall  compare  with  the  solvents  that  are  actually  operating  in 
nature;  and  that  thestaudard^  of  control  of  the  results  of  this  method  are  the  ascer- 
tained results  of  the  natural  processes  of  soil — decomposition  in  the  field.  Not  any 
consideration  has  made  it  appear  advisable  to  the  author  that  a  solvent  should  be 
used  which  is  not  found  amongst  the  acids  that  result  from  veget-able  existence  an. I 
decay,  and  which  consequently  is  not  used  by  nature  in  the  field.  It  has,  on  the 
other  hand,  appeared  to  him  absolutely  necessary  that,  before  concluding  that  the 
results  obtained  by  the  use  of  any  artificial  method  of  examination  are  rational 
and  of  any  authority  and  value,  these  results  should  be  subjected,  if  possible,  to  com- 
parison with  the  standard  of  results  actually  following  from  the  processes  operating 
in  the  field. 


A  FLEA  FOB  A  SOIEiniinO  BABI8  FOB  THE  DIVI8I0H  OF  SOIL  FABTIGLE8  IF  MEOHAH- 

lOAL  A5ALT8I8. 

By  C.  G.  Hopkins. 

The  following  is  the  system  of  divisions  which  appears  to  be  rapidly  coming  into 
use  in  mechanical  soil  analysis : 

Division  No.  j  Si*©  of  parti- 

cles. 

mm  in  diam- 
tter, 

2 1  1        to  .5 

3 '  .5    to  .25 

4 '  .25  to  .1 

5 j  .1   to  .05 

« '  .05  to  .01 


7. 


.01  to  .005 


® • I       <  .005 
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These  limits  were  orij^inally  choseu  by  mere  chance  and  have  no  more  of  a  scien- 
titic  basis  than  have  the  common  systems  of  weights  and  measures  or  the  Fahren- 
heit thermometer  scale.  They  were  first  employed  by  Dr.  Thomas  1?.  Osborne  in  a 
study  of  methods  of  mechanical  soil  analysis  and  were  not  intended  by  him  to  be 
used  in  a  practical  study  of  soils.     Regardinp^  this,  Dr.  Osborne  says: 

"In  working  out  the  beaker  method  of  soil  analysis  I  employed  the  limits  of  the 
various  grades  with  reference  simply  to  convenience  in  using  my  eyepiece  microme- 
ter. I  have  always  thought  that  the  limits  of  the  various  grades  should  be  deter- 
mined by  a  careful  consideration  of  the  various  conditions  involved  in  the  problem  of 
proper  mechanical  analysis  of  a  soil,  and  have  been  surprised  to  see  that  the  arbi- 
trarily chosen  limits  of  the  various  grades  employed  by  me  have  been  followed  by 
others  in  applying  the  method  in  practice." 

The  one  very  serious  objection  to  this  system  is  that  the  ratio  of  the  diameter  of 
the  largest  particles  to  that  of  the  smallest  particles  in  eacli  of  the  various  divisions 
is  not  a  constant.  In  divisions  2,  .S,  5,  and  7  the  ratio  of  largest  to-  smallest  diame- 
trr  is  2  to  1 ;  in  division  4  the  ratio  is  2  5  to  1,  while  in  6  the  ratio  is  5  to  1.  As  a 
consequence  of  this  wider  ratio,  division  G  will  receive  twice  as  much  soil  as  division 
4  and  two  and  one-half  times  as  much  as  either  2,  3, 5,  or  J  from  a  sample  whose  parti- 
cles are  in  uniform  gradation.  In  practical  work,  as  a  rule,  a  much  larger  percent- 
age of  soil  is  found  to  fall  in  division  6  than  in  either  5  or  7,  and  this  is  plainly  not 
due  to  any  peculiarity  of  the  soil,  but  to  the  simple  fact  that  by  definition  the  lim- 
its for  division  6  are  two  and  one-half  times  wider  than  those  of  either  contiguous 
division. 

The  following  table  shows  the  ratios  of  diameters,  of  surfaces,  and  of  volumes  of 
the  limiting  soil  particles  in  each  division  except  those  at  the  ends  of  the  series.  It 
also  gives  the  theoretical  composition  of  a  sample  which  is  made  up  of  soil  particles 
of  uniform  gradation  between  the  limits  of  gravel  and  clay,  assuming  the  end 
divisions  to  contain  the  average  percentage. 


Division  No. 


SIzf  of 

particles 

(mm.). 

1 

1       to 

.5 

.5    to 

.25 

.  25  to 

.1 

.1    to 

.05 

.05  to 

.01 

.01  to   .005 
.003 


Ratio  of 
<liam**terp. 

Ratio  of 
Rurfacea. 

Ratio  of 
volumes. 

Theoretical 
percentage 
composition. 

12.50 

2      tol 

4 

tol 

8     tol 

9.68 

2     tol 

4 

tol 

8     tol 

9.08 

2.  5  to  1 

6. 25  to  1 

15. 6  to  1 

12.10 

2     tol 

4 

tol 

8     tol 

9.68 

5      to  1 

25 

tol 

125      tol 

24.20 

2     tol 

4 

tol 

8     tol 


9.68 
12.50 

Total. 


I 


The  ditterences  in  the  ratios  of  the  largest  to  the  smallest  particles  in  the  vseveral 
divisions  become  even  larger  when  we  consider  surfaces  or  volumes  instead  of  diam- 
eters, and  yet  such  phenomena  of  soil  physics  as  capillarity  and  porosity  are  in  rela- 
tion to  the  surfaces  or  volumes  of  soil  particles  rather  tlinn  to  their  diameters.  It 
will  also  be  observed  that  the  percentages  of  soil  in  the  difterent  divisions  vary  from 
9.68  to  24.20,  although  by  theory  the  soil  is  of  uniform  gradation. 

TJecause  of  this  objection  to  the  common  system  of  making  the  divisions  in 
mechanical  soil  analysis,  the  system  illustrated  in  the  following  table  was  worked 
out  by  the  writer  some  two  yj'urs  ago.  It  was  subsequently  adopted  by  the  depart- 
ment of  soil  physics  of  the  Uuiversitj'  of  Illinois,  and  has  since  been  employed  with 
entire  satisfaction. 

The  table  shows  the  theoretical  composition  of  a  soil  whose  particles  are  in  uni- 
form gradation  within  the  limits  of  the  system,  assuming  the  end  divisions  to 
17582— No.  o(} 5 


Digitized  by 


Google 


66 

coatain  the  average  x>orcentage.     Ratios  of  largest  to  smallest  particles  are  also 
given. 

I  I  --         -  — 

l^'y^'       v-„    «r,o^wi«-«a«.i  Size  of  partlclos  !    Ratio  of    '  Ratio  of  i  Ratio  of     TJj^'TJill*^ 

No  particles  used.  (milliiieters).      diameter..    surfaceH.   volumes.    eSS^Sltlon. 

1  ;  Gravel >  1 12.50 

2  Coarse  sand 1  to    .32  j  3.2tol  10  to  1  32  to  1  12  :iO 

3  Modiumsand 82  to    .1  |  3.2tolj  10  to  1  32  to  1  Vl-'M 

4|rine8and 1  to. 032  |  3.2tol,  10  to  1  I  32  to  1  '  12.30 

5|Coar8e8iU .032  to    .01  '  3.2tol,  10  to  1  32  to  1  12.50 

6     Medium  silt 01  to    .0032  1  3.2  to  1  10  to  1  '  32  to  1  12.  JO 

7,Fine»ilt .0032to.001  3.2tol|  10  to  1  j  32  to  1  12.50 

8  '  Clav <  .001  ' ■  12.5J 


I 


Total ' 100 

I  I  1 


The  square  root  of  10  (approximately  3.2)  is  adopted  as  a  common  factor  in  passing 
from  smallest  to  largest  particles  in  all  divisions  of  defined  limits,  and  thus  the  ratio 
of  the  largest  to  the  smallest  particles  becomes  a  constant;  this  applies  to  the  ratios 
of  diameters,  of  surfaces,  and  of  volumes.  Every  division  receives  the  same  per- 
centage of  a  8oi]  of  uniform  gradation.  This  system  employs  0.001  mm  (diameter)  as 
the  limit  of  separation  between  fine  silt  and  clay.  (By  the  use  of  centrifugal  force, 
as  described  in  another  paper,  this  separation  is  rendered  entirely  practicable.) 
Three  grades  ot  silt  are  thus  determined  instead  of  two  as  by  the  ordinary  system, 
while  the  four  grades  of  sand  usually  determined  are  here  condensed  to  three, 
although  the  limit  of  separation  between  sand  and  silt  is  practically  the  same  in 
either  system.  Both  systems  employ  as  limits  of  divisions  1,  0.1,  and  0.01  mm  (diam- 
eter^, and  it  is  important  to  note  that,  by  combining  the  percentages  obtained  in 
practical  work  so  aft  to  make  four  divisions  instead  of  eight,  the  two  systems  become 
identical  an<l  of  course  strictly  comparable  to  that  extent. 

With  the  pruper  accessories  the  microscopic  measurements  are  made  with  the  same 
degree  of  convenieifce  and  exactness  in  either  system. 

The  important  fact  should  be  mentioned  that  the  new  system  readily  admits  of 
expansion.  By  taking  the  fourth  root  of  10  (approximately  1.8)  instead  of  the  square 
root  of  10,  each  of  the  limited  divisions  is  simply  divided  into  two  equal  divisions. 
This  will  make  a  series  of  fourteen  separate  divisionsof  soil  particles  and  the  sy.stem 
still  retains  all  of  the  advantages  Avhich  have  been  mentioned.  The  following  form 
is  recommended  for  use  with  the  expanded  system : 

Divi-j  I  Size  of  parti- 

sion  I  Kamo  of  particles.  clea  (milli- 

No.  '  meters). 


1  Gravel >  1 

«     ^  ^  fl  to.56 

2  Coar«e  sand < 

I  .  ,1.56      to. 32 

n     AC    1.  1  f  .32      to  .18 

3  Medium  sand { 

\  .18 


to  .1 


,     ^.  ,  (  .1       to. 056 

4  Finesjtiid , { 

\  .056    to  .j3: 

r     ^.  1.  f  -^^    to. 018 

5  Coarse  silt { 

\  .018    to  .01 

«     ,,   ,.         ,w  f  -^^      to. 0056 

6  Medium  silt <  _^ 

I  .0056  to  .0032 

^     -.:..         .,,  i/ .0032  to  .0018 

7  I  Fine  silt < 

I  1. 0018  to  .001 

8  Clay '. '  <  .001 
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A  EAFID  METHOD  OF  MEGHANIGAL  SOIL  ANALYSIS,  IFGLUDIFa  THE  USE  OF 
GEKTfilFnaAI  FOBOE. 

By  C.  G.  Hopkins. 

A  sample  of  10  grams  of  soil  is  placed  in  a  small  sieve  having  circular  perfora- 
tions 0.32  mm  in  diameter.  (Snch  a  sieve  is  easily  made  by  carefully  enlarging  the 
perforations  of  a  0.25  mm  sieve  with  a  drill  of  0.32  mm  diameter.)  The  sieve  is 
placed  in  a  porcelain  evaporator  and  the  fine  earth  washed  through  with  successive 
portions  of  water.  The  sieve  should  reach  nearly  to  the  bottom  of  the  evaporator. 
The  gravel  and  coarse  sand  remain  in  the  sieve  (under  water)  and  are  rubbed  with 
a  rubber  pestle  till  clean  from  the  fine  earth,  which  is  gradually  transferred  with 
the  successive  portions  of  water  from  the  evaporator  to  a  bottle  of  500  cq  to  600  cc 
capacity. 

The  gravel  and  coarse  sand  are  dried,  separated  by  a  millimeter  sieve,  ignited,  and 
weighed. 

The  bottle  containing  the  fine  earth  and  300  cc  to  400  cc  of  water  is  placed  in  a 
shaking  machine  similar  to  that  described  by  Professor  Whitney  in  Bulletin  No.  4, 
page  9,  Division  of  Soils,  United  States  Department  of  Agriculture.  The  bottle  is 
shaken  for  a  length  of  time  deemed  to  be  sufficient  for  complete  disintegration  of 
the  soil.  About  125  cc  of  the  contents  of  the  bottle  are  then  transferred  to  a  fiat- 
bottom  glass  cylinder  about  40  mm  in  diameter  and  160  mm  high.  The  cylinder  is 
placed  In  the  centrifugal  machine  and  whirled  until  all  particles  coarser  than  0.001 
mm  diameter  have  been  thrown  to  the  bottom.  The  length  of  time  necessary  to 
accomplish  this  depends  upon  the  diameter  and  speed  of  the  machine.  It  must 
be  determined  by  experiment  for  each  machine  with  microscopic  measurement  of 
the  particles  remaining  in  suspension.  With  a  machine  of  about  60  cm  diameter 
and  a  speed  of  about  3,000  revolutions  per  minute  not  more  than  five  minutes  are 
required  for  this  process. 

A  rubber  stopper  carrying  two  glass  tubes  similar  to  those  used  in  the  ordinary 
wash  bottle  is  placed  in  the  month  of  the  cylinder,  the  longer  tube  reaching  nearly 
to  the  bottom.  By  blowing  in'  the  shorter  tube  the  water  and  suspended  clay  are 
transferred  to  a  larg^  beaker  or  bottle  almost  completely  without  disturbing  the 
sediment.  The  sediment  is  then  well  stirred  tip,  or  ''pestled,"  by  means  of  a  stout 
glass  rod  covered  at  the  end  with  a  rubber  cap.  Another  portion  of  the  contents  of 
the  shaking  bottle  is  transferred  to  the  cylinder,  which  is  closed  with  a  close-fitting 
solid  rubber  stopper  and  thoroughly  shakeii,  the  stopper  beiug  carefully  rinsed  ofi* 
with  fresh  water.  The  cylinder  is  then  whirled  as  before  and  the  suspended  clay 
removed.  This  is  repeated  until  all  of  the  fine  earth  has  been  transferred  to  the 
cylinder,  fresh  water  being  used  as  needed  to  complete  the  transfer.  The  sediment 
is  again  stirred  up  and  shaken  with  fresh  water,  the  cylinder  whirled  in  the 
machine,  and  the  suspended  clay  removed  with  the  water,  as  before.  This  process 
is  repeated  until  it  is  found  that  nothing  remains  in  suspension  with  the  speed  and 
time  adopted.  The  addition  of  a  small  amount  of  ammonia  at  the  time  the  sedi- 
ment is  ''pestled"  is  commonly  recommended  as  hastening  the  process  of  separating 
the  clay  from  the  coarser  particles.  It  has  been  used  by  the  writer  with  apparent 
advantage. 

'rtie  "clay  water''  will  usually  amount  to  three  or  four  liters  if  the  separation  of 
clay  is  carried  to  a  high  degree  of  accuracy.  It  is  evaporated  in  a  large  platinum  or 
]»orcelain  dish  to  a  small  bulk,  the  clay  being  then  transferred  with  a  small  quantity 
of  fresh  water  to  a  smaller  dish,  evaporated  to  dryness,  ignited,  and  weighed. 

The  sediment  remaining  in  the  cylinder  is  shaken  with  fresh  water  and  then 
whirled  in  the  machine,  preferably  at  a  somewhat  reduced  speed,  for  a  length  of 
time  sufficient  to  throw  to  the  bottom  all  particles  coarser  than  0.0032  mm  diameter, 
and  the  suspended  fine  silt  removed  with  the  water  as  already  described.  This 
proceas  is  repeated  until  nothing  remains  in  suspension  after  whirling. 
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By  further  reducing  the  npeed  or  time  (or  hoth)  the  medium  silt,  0.01  to  0.0032  mm 
diameter,  is  also  separated,  after  which  gravity  is  su'bstituted  for  centrifugal  force, 
and  first  the  coarse  silt,  0.032  to  0.01  mm  diameter,  and  then  the  fine  sand,  0.1  to  0.032 
mm  diameter,  removed,  thus  leaving  in  the  cylinder  only  the  medium  sand,  0.32  to  0.1 
mm  diameter. 

If  the  removal  of  clay  has  been  complete,  no  ''pestling''  is  necessary  in  making 
the  subsequent  separations. 

The  waters  containing  the  medium  and  fine  sand  and  the  three  divisions  of  silt  arc 
allowed  to  stand  until  the  sediments  have  completely  subsided.  The  clear  wat^r 
can  then  be  removed  by  siphon  almost  comx)letely.  (It  may  be  saved  to  be  used 
again.)  The  various  sediments  are  transferred  to  evaporators  with  small  amouuts 
of  water,  and  after  evaporating  to  dryness  they  are  ignited  and  weighed. 

Two  analyses  are  carried  on  together  and  there  is  some  advantage  in  carrying  four 
samples  at  a  time  thnrngh  tlie  clay  separation. 

Moisture  and  organic  matter  are  determined  in  another  sample  of  10  grams,  and 
the  mechanical  analysis  is  thep  reduced  to  the  basis  of  ignited  soil,  which  is  believed 
to  be  the  only  basis  upon  which  such  analyses  are  strictly  comparable. 

The  following  is  a  record  of  some  of  the  analyses  which  the  writer  has  made  by  this 
method  and  it  is  believed  that  it  fairly  represents  its  accuracy,  although  the  error 
appears  to  be  much  less  than  is  common  in  mechanical  soil  analysis : 


Divisions. 


;    Soil  1.        Soil  2.        Soil  3.    |    Soil  4.    ;    Soil  5. 


Gravel 

Coarse  naod . . . 
Medium  .sand. 

Fine  sand 

Coarse  silt 

Medium  silt  . . 

Finesilt. 

Clay 

Total... 


Soil  5. 


0.07  i 

0.19 

1.06 

1.06 

1.54; 

1.64 

0.44 

1.03 

6.36 

5.83 

6.91 

7.66 

1.52 

3.78 

20.01 

28.71 

7.28 

7.64 

3.08 

8.38 

9.43 

9.64 

42. 00  ^ 

45.14 

32.61 

45.01 

21.40 

22.03 

12.  2.5 

16.05 

16.48 

10.01 

10.88 

10.  TO 

11. 55 

0.22 

10.08 

11.44 

6.04 

6.14 

16.97 

12.08 

34.44 

10.78 

15.30 

15.56 

90.56 

09.62 

00.55 

00.43 

09.48 

09.67 

The  high  degree  of  accuracy  of  this  method  is  doubtless  attributable  to  several 
conditions: 

(1)  A  direct  determination  is  made  of  the  total  clay. 

(2)  The  total  amount  of  water  employed  in  a  complete  analysis  is  comparatively 
small. 

(3)  Analyses  are  easily  completed  on  the  next  day  after  they  are  begun. 

In  all  of  these  points  the  method  differs  essentially  from  the  ordinary  methods  of 
mechanical  soil  analysis. 

Wlien  it  is  understood  that  by  the  use  of  centrifugal  force  work  may  be  done  in 
live  minutes'  time  which  gravity  will  not  accomplish  in  twenty-four  hours,  the  vaJne 
of  this  method  is  more  fully  appreciated. 

It  should  be  stated  that,  soon  after  this  method  had  been  worked  out,  the  writer 
learned  that  Prof.  Harry  .Snyder,  of  the  University  of  Minnesota,  was  also  using 
centrifugal  force  in  mechanical  soil  analysis,  although  to  a  more  limited  extent  tllau 
in  the  method  herein  described; 

After  the  reading  of  the  papers  and  a  somewhat  extended  discussion, 
the  report  of  the  committee  on  recommendations  was  presented  as 
follows: 

SOILS  AND   ASH. 

Your  committee  recommends  the  adoption  of  the  first  recommendation  of  the 
referee  on  soils  and  aah. 
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The  committee  recommends  that  the  process  described  in  the  second  recommenda- 
tion of  the  referee  be  adopted  as  a  provisional  method. 

The  committee  also  recommends  that  the  use  of  calcium  chlorid  as  a  solvent  for 
potash  be  abandoned,  that  neutral  or  alkaline  ammonium  chlorid  be  given  a 
further  trial,  and  that  for  the  coming  year  the  so-oalled  International  European 
method  for  the  determination  of  available  potash  be  given  a  trial. 

The  committee  also  concurs  in  the  fourth  recommendation  of  the  referee. 

All  the  recommeudatious  of  the  committee  were  unanimously  ap- 
proved. 

The  report  of  the  referee  on  foods  and  feeding  stuffs  was  then  called 
for.    The  referee,  Mr.  W.  H.  Krug,  read  the  following  report : . 

EEPOET  ON  OATTLE  PEEDS. 
By  William  II.  Kruc;,  Referee. 

The  work  of  Dr.  Lindsey,  the  referee  for  the  year  1897,  had  conclusively  shown 
that  all  methods  proposed  for  the  estimation  of  starch,  in  which  the  material  is 
directly  subjected  to  the  inverting  action  of  acids,  yield  results  which  are  above  the 
actual  starch  content  on  account  of  the  simultaneous  conversion  of  the  pentosans 
into  pentoses  and  the  galactan  into  galactose.  He  therefore  recommended  that  the 
diastase  method  be  made  the  provisional  method  for  the  determination  of  starch  in 
all  substances  except  in  commercial  starch  and  in  potatoes.  This  recommendation 
was  adopted,  and  the  work  on  the  determination  of  starch  for  this  year  was  accord- 
ingly limited  to  the  diastase  method,  as  it  seemed  desirable,  under  the  circumstances, 
tu  obtain  as  many  results  as  possible  by  this  method,  whereby  it  would  be  given  a 
severe  test.  It  gives  me  pleasure  to  state  that  this  has  been  to  some  extent  realized, 
thirteen  chemists  reporting  results  obtained  with  the  method. 

The  phenylhydrazin  and  phloroglucin  methods  for  the  estimation  of  the  pentosans 
have  a<;ain  been  compared  and  the  method  recommended  for  the  estimation  of 
galactan  has  been  tried. 

Three  samplen  were  sent  out,  No.  1  consisting  of  bnrley,  No.  2  of  bran,  and  Xo.  3 
of  red-clovor  seed.  These  materials  were  ground  as  tine  as  possible,  thoroughly 
mixed,  and  immediately  bottled  and  sealed. 

In  answer  to  the  circular  letter  sent,  17  chemists  agreed  to  cooperate  with  the 
referee.    Twelve  have  returned  reports. 

I.  The  Estimation  of  Starch. 

The  provisional  method,  as  adopted  at  the  last  session  of  the  association,  is 
described  in  the  proceedings  for  the  year  1897. 

Samples  1  and  2  were  chosen  for  the  comparative  work  on  this  method,  as  the 
former  consisted  of  a  material  rich  in  starch  while  the  latter  contained  a  relatively 
small  amonnt  of  starch  and  a  high  percentage  of  pentosan. 
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The  following  table  contains  the  resalta  obtained  on  these  samples: 
Table  1. — Results  obtained  with  the  diastase  inethod. 


Analyst. 


Barley. 


BniD. 


Air-dry    C«^"J^ated    ^^^.^^        ^*l^",V^!^ 
Bample.         ^o.^.^..        aample.       }^J/Ji 


E.  B.  Holland,  Mass.  Exp.  Station 

C.  D.  Howard,  N.  H.  Exp.  Station 

C.  K,  Jones,  Vt.  Exp.  Station 

G.  L.  Teller  and  J.  F.  Moore,  Ark.  Exp.  SUtion 

W.  H.  Heilemun,  Wash.  Exp.  Station »57.0<J 

H.J.  Patterson,  Md.  Exp.  Station '      '53.61 

F.  S.  Shiver,  S.  C.Exp.  Station [       66.17 


P.  et.    ; 

66.58  ; 

63.59  ' 
68.49  f 
68.60 


I 


63.84 


H.  C.  Sherman,  Columbia  College,  N .  Y 

O.C'.Beck,  Columbia  College, N.  Y 

H.  Fisher,  Columbia  College,  N .  Y 

R.  G.  Wright,  Columbia  College.  N.  Y |        64.72 

S.  S.Mun8on,Mich.  Exp.  Station ,      '53.73  I 

W.H.Krug.U.  S.  Dept.  of  Agr 65.45 

A  verngea 


matter. 

P.  et. 
73.70 
69.57 
75.62 
78.29 
"63.16 
>  59. 81 
72.92 
71.33 


sample 

P.et. 

8.39 
9.80 
•18.33 
7.00 
6.94 
>0.69 
8.56 
11.01  , 
10.92 
11.38 


matter. 

r.  et. 

9.11 

10.58 

J 19.  79 

7.81 

7.47 
».0.74 

9.24 
12.  Ul 
11.92 
12.  42 


71.64 
•60.57 
72.76 


8.56 
8.G1 


65.93 


73.23 


8.97 


9.77 


•  Excluded  from  the  averages. 
NOTES   OX  THE   ESTIMATION   OF   STARCH. 

E.  B,  Holland,  Massachusetts. — The  residues,  when  treated  with  iodiu  and  examined 
microscoiiically,  showed  considerable  starch  in  No.  1  and  only  a  trace  of  starch  in 
No.  2.  Tho  cuprous  o.xid  was  collected  in  sugar  tubes  aud  oxidized  by  heating  in  a 
continuous  current  of  oxygen. 

r.  //.  Jones,  Vermont. — I  found  it  nece.S8Hry  to  use  90  cc  of  diastase  solution  to 
change  all  the  starch. 

(/.  L.  Teller  and  J,  F.  Moore,  Arkansas. — The  work  being  so  long  delayed,  freshly 
ground  samples  of  fresh  malt  were  substituted  for  that  sent.  Tho  digestion  with 
acid  was  carried  on  by  putting  the  flasks  in  a  box  well  supplied  with  hot  steam  and 
maintaining  them  at  or  near  the  temperature  of  boiling  water  for  two  aud  one.  half 
hours.  Each  flask  was  supplied  with  au  open  tube  about  three  feet  long,  most  of 
the  tube  being  above  the  steam  box.  The  precipitated  copper  was  collecte<l  on 
asbestos  in  glass  tubes  and  reduced  in  hydrogen. 

fr.  II.  Ileileman,  Washington. — The  moisture  determinations  were  made  by  tho 
regular  association  method.  The  samples  were  extracted  with  ether  previous  to 
making  the  starch  determinations.  The  copper  was  weighed  as  metallic  copper, 
having  been  deposited  electrolytically  from  a  dilute  nitric  acid  solution.  The  malt 
solutions  were  made  for  each  determination.  The  malt  was  standardized  by  the 
sanu)  processes  as  tho.sc  used  in  estimating  the  starch.  *  The  nuilt  solutions  were 
always  frosh  and  of  uniform  strength.  After  washing  the  samples  with  alcohol,  as 
directed,  they  were  dried  each  time  on  the  water  bath,  to  entirely  free  them  from 
alcohol,  aud  were  afterwards  immersed  in  a  boiling  water  bath  with  50  cc  of  water, 
as  directed.  I  found  <lif!iculty  in  knowing  when  the  diastase  had  convert^'d  all  tho 
starch.  Torty  cc  of  malt  solution  were  used  for  sample  No.  I  and  20  cc  for  sample 
No.  2. 

//.  r.  Shennan,  Columbia  University,  X,  Y. — In  all  cases  after  treating  with  maU 
solution  until  the  starch  reaction  had  disappeared,  the  solution  was  boiled  aud 
again  tested  for  starch.  If  the  latter  were  found,  the  treatment  with  malt  extract 
was  rejieated. 

S.  S.  Munaon,  MicUlqan. — With  the  diastase  method  for  starch  a  fresh  extract  was 
made  up  for  each  determination,  as  at  the  beginning  it  was  fonnd  that  the  extract 
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was  ineffective  after  having  stood  two  days.  This  method  gave  results  that  dupli- 
cated very  closely  in  both  cases.  In  sample  No.  2  there  was  no  reaction  with  iodin 
after  thirty  minutes,  whilst  sample  No.  1  required  about  ninety  minutes  to  com- 
pletely convert  the  starch 

DiscrssiON. 

An  examination  of  the  data  as  calculated  to  dry  matter  reveals  as  great  a  varia- 
tion from  the  mean  ns  was  exhibited  in  last  year's  work.  This  variation  may  be  at 
least  in  part  ascribed  to  the  difference  in  the  amount  of  moisture  as  found  and  used 
for  calculating  the  results  of  the  basis  of  dry  matter.  The  following  table  contains 
these  results : 

Table  2. — Moisture  determinations. 


Analyst. 


No.l.  I   ^'o.2.  I   No.  3. 


r.et. 

0.68 


r.ct. 

P.ct. 

7.90 

7.11 

6.79 

7.35 

10.27 

0.03 

7.47 

7.89  1 

7.33 

7.40  1 

6.63 

8.32 

8.37 

8.40 

0.10 

8.05 

8.42 

7.67 

E.  B.  Holland,  Maaa.  Exp.  Station 

C.D.Howard.N.  H.Exp.  Station 8.59 

C.  H.Jonfs,  Vt.  Exp.Station 0i43 

(;.L.TeilerandJ.F.Moore,Ark.  Exp.  Station 12.37 

TV.  H.  Heileman,  Wash.  Exp.  Station 9.66 

H.  J.  Patterson.  Md.  Exp.  Station 10.20 

F.  S.  Shiver,  S.  C.  Exp.  Station '  9.26 

H.  C.  Sberinan,  Columbia  Umveraity,  N.  Y 10.50 

0.  C.  Beck.  Columbia  University,  N.  Y 8.37 

H.  Fisher,  Columbia  University,  N.  Y 8.40 

R.  G.  Wright,  Columbia  University,  N.  Y 9.66 

S.S.Munson,  Mich.  Exp.Station 11.30 

W.n.KruK.U.S.Dept.of  Agr 9.91 

The  influence  which  such  differences  may  exert  is  most  strikingly  shown  in  the 
results  obtained  by  Mr.  Jones  and  by  Messrs.  Teller  and  Moore,  where  the  data  given 
for  the  original  material  agree  very  satisfactorily,  while  the  same  results  calculated 
to  dry  matter  vary  by  2.67  per  cent. 

The  direct  results  obtained  are,  with  the  exception  of  the  figures  which  have  been 
excluded  from  the  averages,  quite  satisfactory.  The  most  plausible  explanation  for 
the  low  figures  obtained  in  some  cases  is  that  the  gelatiui;xHl  starch  had  not  been 
completely  dissolved  by  the  diastase,  and  therefore  escaped  the  final  inversion. 
Lintner  and  others  have  shown  that  the  disappearance  of  the  iodin  reaction  in  the 
solution  can  not  be  accepted  as  proof  of  the  total  conversion  of  the  gelatinized  stsirch 
into  soluble  products,  and  German  chemists  determine  this  point  by  a  microscopic 
examination  of  the  residue.  This  is  without  doubt  much  more  rational  aud  certain, 
since  it  is  but  logical  to  assume  that  the  starch  suspended  in  the  liquid  is  more 
rapidly  and  easily  converted  by  the  diastase  than  that  which  is  partially  or  wholly 
surrounded  by  cell  walls.  It  seems  to  me  that  we  may  here  seek  one  of  the  causes 
of  the  deviations  which  have  heretofore  characterized  the  results  obtained  by  this 
method,  and  that  this  source  of  error  should  be  removed  by  determining  the  total 
conversion  of  the  starch  by  means  of  a  microscopic  examination  of  the  residue. 
This  is  easily  done,  and  requires  but  a  moment. 

Another  source  of  error  may  be  sought  in  the  solubility  of  the  pentosans  when  the 
material  is  treated  by  the  diastase  method.  Konig  ■  first  took  up  this  subject,  and 
published  a  number  of  results  which  showed  that  these  bodies  were  partially  dis- 
solved.   The  matter  was  then  investigated  by  Dr.  Wiley  and  myself,'-  our  data 


^Landw.  Versuchsstat,  48  (1896),  81. 
Mourn.  Am.  Chem.  Soc,  20,  4,  266. 
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indicating  that  only  email  quantities  of  the  pentosans  were  soluble.  Lintner  <  sub- 
sequently published  an  article  on  the  determination  of  starch  in  cereals,  in  which 
he  states  that  he  finds  the  pentosans  to  be  appreciably  dissolved,  but  ascribes  this 
rather  to  the  action  of  the  boiling  water  than  to  hydrolysis  by  the  diastase.  An 
analysis  of  barley  in  given,  there  being  found  63.66  per  cent  of  starch.  The  solution 
contained  2.84  per  cent  of  pentosans  (less  pentosans  present  in  the  malt  extract), 
giving  as  the  true  starch  content  60.82  per  cent.  The  same  material  was  then  in- 
verted directly  with  acid  according  to  the  Sachsso  method,  the  total  reduction  in 
terms  of  starch  being  70.81  per  cent.  The  solution  contained  9.81  per  cent  pento- 
sans, giving  as  the  starch  content  61  percent.  On  account  of  the  difference  in  the 
reducing  power  of  the  pentoses  and  dextrose  these  figures  do  not  represent  the  true 
amount  of  starch  present.  The  author  assumes  this  to  be  slight,  however,  as  he  found 
that  wheu  a  solution  containing  dextrose  and  the  sugars  obtained  from  the  pen- 
tosans was  fermented  the  unfermentable  residue  had  a  reducing  power  of  5.13  per 
cent  in  terms  of  starch,  and  the  pentosans  were  found  to  be  5.19  per  cent.  He 
therefore  considers  it  admissible  to  deduct  the  pentosans  from  the  total  reducing 
power  stated  in  terms  of  starch. 

Accepting  the  above  as  true,  it  can  be  easily  understood  that  any  variation  in  the 
time  of  treatment  with  diastase  wimld  result  in  the  solution  of  dilTerent  amounts  of 
pentosans,  and  would  thereby  infiuence  the  final  result  very  materially.  The  follow- 
ing results,  which  I  obtained  by  a  modification  of  the  diastase  method  in  which  the 
gelatinized  material  was  treated  one  hour  at  50^  with  20  cc  of  malt  extract,  boiled 
thoroughly,  cooled,  and  again  treated  for  an  hour  at  50^  with  20  cc  of  malt  extract, 
when  starch  could  not  be  detected  in  the  residue,  indicate  that  this  actually  occurs: 

Table  3. — Results  obtained  with  modified  dimtctse  method. 


Starch  in 
Sample  No.  I     air-dry 

material. 


i    Per  cent. 

1 '  67.20 

2 13.33 


A  comparison  of  these  data  with  the  results  which  I  obtained  on  the  same  materials 
by  the  provisional  method,  shows  an  increase  of  1.84  per  cent  in  the  starch  content 
of  sample  No.  1  and  of  5.45  in  the  starch  content  of  sample  No.  2.  This  is  just  what 
we  would  expect  if  K<)nig  and  Lintner's  statements  are  correct  and  the  increnst- d 
amount  of  pentosans  which  has  been  dissolved  by  the  second  boiling  is  more  marked 
in  sample  No.  2,  which  contains  a  high  percentage  of  pentosans  as  compared  with  sam- 
ple No.  1.  1  am,  however,  not  prepared  to  accept  this  explanation  as  final,  since  it  does 
not  seem  to  me  to  be  based  on  sufllicient  analytical  data. 

The  use  of  an  increased  quantity  of  malt  extract  gives  rise  to  another  error  in  the 
final  result.  Wroblewslci  has  recently  shown  that  diastase  consists  of  a  proteid  com* 
bined  wuth  araban,  the  mother  substance  of  arabinose.  The  error  which  is  cansed 
in  this  manner  is  necessarily  small  when  the  provisional  method  is  adhered  to,  but 
increases  with  the  amount  of  malt  extract  used. 

Slight  differences  in  the  final  results  are  no  doubt  caused  by  the  fact  that  the 
copper  was  not  weighed  in  the  metallic  state  in  all  cases.  In  connection  with  this 
subject  I  wish  to  call  attention  to  a  new  method  of  reducing  the  oxid  which  has 
been  devised  by  Breshns.- 

The  cuprous  oxid  is  collected  on  a  filter,  washed  tlioroughly,  the  filter  partially 
dried  between  filter  paper,  transferred  to  a  small  weighed  platinum  dish,  heated  to 


'  Zeitseh.  angew.  Chem.,  1898,725. 
2  Neue  Ztsch.  Kiibenzuck.-Ind.,  41, 1, 4. 
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remove  the  water,  and  ij^jnited.  The  dish  is  previously  prepared  by  heating  it  to 
jgDition,  addiDg  1  ec  of  methyl  alcohol  drop  hy  drop,  allowing  it  to  cool  partially, 
and  placing  it  in  the  balance  case.  When  the  filter  has  bnmed,  the  mass  of  cupric 
and  cnprous  oxids  is  moved  to  one  side  as  much  as  possible,  and  the  dish  is  covored 
with  a  lid;  which  has  an  opening  in  the  center  with  depressed  edges.  It  is  heated 
to  bright  redness,  and  1  cc  of  methyl  alcohol  is  rnn  in  drop  by  drop.  The  flame  is 
then  removed  and  another  cc  run  in.  The  vapors  of  methyl  alcohol  and  formalde- 
hyd  are  ignited,  and  as  soon  as  they  cease  burning  the  cover  is  removed  and  the 
dish  placed  in  the  balance  case  to  be  weighed  when  cold.  The  operation  must  be 
repeated  when  any  doubt  exists  with  reference  to  complete  reduction.  Andrlik  and 
Hninir-ka^  have  suggested  a  modification  of  this  method,  in  which  they  use  a  Gooch 
crucible,  prepared  as  follows:  The  bottom  is  covered  with  asbestos,  on  which  is 
pbicod  a  perforated  platinum  disk  with  a  short  phitinam  wire  to  facilitate  its 
removal.  This  is  in  turn  covered  with  a  layer  of  asbestos.  The  double  filter  thus 
formed  is  washed  with  alcohol  and  the  crucible  dried  and  weighed.  The  cuprous 
ox  id  is  collected  and  washed  with  hot  water  and  alcohol.  The  crucible  is  then 
placed  in  a  larger  solid  crucible,  which  is  slowly  heated  until  the  Gooch  crucible  is 
at  a  red  heat.  It  is  then  immediately  transferred  to  a  small  beaker,  the  bottom  of 
which  is  protected  by  means  of  copper  gauze,  and  which  contains  some  methyl 
alcohol.  The  beaker  is  covered  with  a  watch  glass.  The  crncible  is  removed  when 
cold,  dried  for  ten  minutes  in  a  water  oven,  and  weighed.  Comparative  determina- 
tions have  shown  this  method  to  be  practically  as  accurate  as  the  asbestos-tube 
method. 

RECOMMENDATIONS  WITH  REFERENCE  TO  THE  DIASTASE  METHOD 

It  is  recommended  that*— 

{a)  The  quantity  of  material  to  be  used  be  changed  to  3  grams. 

{h)  In  the  first  line  the  words  *'with  ether,  bring  the  extracted  residue  onto  a 
filter  or  into  a  Gooch  crucible,  and"  be  stricken  out,  and  the  words  "  on  a  hardened 
filter,  with  five  successive  portions  of  10  cc  of  ether,"  be  substituted. 

(c)  In  the  sixth  line  and  following,  the  words  "until  the  solution  no  longer  gives 
the  starch  reaction"  be  stricken  out,  and  the  words  "  until  a  microscopic  examina- 
tion of  the  residue  with  iodin  reveals  no  starch"  be  substituted. 

(d)  That  in  the  tenth  line  the  word  "exactly"  be  changed  to  "nearly,"  and  the 
words  "  avoiding  excess"  be  stricken  out. 

SUGGESTION. 

It  ia  suggested  that  the  solubility  of  the  pentosans  be  made  the  subject  of  further 
study  in  connection  with  the  diastase  method. 

II.  The  Estimation  of  Pentosans. 

In  accordance  with  the  suggestion  contained  in  the  re])ort  of  the  referee  for  1897 
the  work  consisted  of  a  further  comparison  of  the  phenylhydrazin  and  phloroglucin 
methods.  Both  methods  have  been  described  fully  in  the  last  Proceedings  of  the 
Association. 


^  Zeitsch.  Ver.  RUbenznck.-Ind.  deutsch.  Reichs,  47, 1077. 
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The  followiug  table  contains  the  results  obtained : 
Table  4. — Comparative  results  with  phenylhydrazin  and  phloroglucin  methods. 


Analyst. 


Barley. 


Bran. 


OrigiDal 
material. 


g^ 


V  a 


Calcnlat«d 
t4>  dry 
matter. 


Original  mate- 
rial. 


Calculated  to 
dry  matter. 


2-  .S 

Si   l-a  5^ 

ttjg      ;5  ©  tea 

c©      b5  £t  1    g»S 


n 


P.  c<. 

3.08 


P.  et.  '  P.  c«.   P.  cL 


4.34 
3.92 
5.15 


3.41 


P,ct. 
26.85 


E.  B.  Holland,  Mass.  Exp.  Station 

C.  D.  Howard,  N.  H.  Exp.  Station 

Teller  and  Moore,  Ark.  Exp.  Station | . 

H.  J.  Patterson, Md. Exp.  Station ,2.95    3.29    '    23.88    25.92 


P.et. 
4.81  ,  25.77 
4.29    27.80 

5.88  ' 27.80 

I 


F.  S.  Shiver,  S.  C.  Exp.  Station 4.79     3.96  '  5.28 

C.H.Jone8,Vt. Exp. Station '. 3.42    


S.  S.  Munaon,  Mich.  Exp.  Station . . . 


3.53 


W.  H.  Krng,  r.  S.  Dept.  of  Agr 3. 

Averages 


4.32 
4.42 


3.98 
4.32 


4.36  I 
3.78 
4.87  , 
4.90 


26.13 


>19.28 

25.02 


25. 8U 
•19.67 
24.42 
26.37 


>21.21 
27.32 


s 

n 


-P-Z  r? 


P.ct. 

P.ct. 

27.98 

29.15 

29.83 

..^. ...' 

30.98 

25.92 

28.22 

27.  h6 

»21.23 

2C.86 
28.79 


3.  82  >  4. 06     4. 25     4. 52       25.  64       26. 13       27. 84  ,       28. 48 


'  Excluded  from  the  averages. 
NOTES   OX   THE   ESTIMATION  OF   PENTOSANS. 

U,  ./.  Patterson  J  Maryland. — I  found  it  impossible  to  obtain  constant  weight  by  dry- 
ing from  three  to  four  honrs.  With  sample  No.  1  it  required  about  twice  that  time, 
and  with  sample  No.  2,  I  dried  for  ten  hours. 

F.  S.  Shiver,  South  Carolina. — In  regard  to  the  determination  of  the  pentosans  I 
would  say  that  I  allowed  the  solutions,  after  precipitation  with  the  phenylhydrazin 
acetati*,  to  stand  twenty- four  hours  in  all  cases;  then  filtered,  and  washed  in  the  usual 
way.  The  hydrazone  precipitate  was  then  dissolved  in  strong  alcohol,  the  alcohol 
evaporated,  and  the  residue  dried  at  50^  to  60'^  C.  to  constant  weight.  I  found  the 
method  as  described  in  your  circular  unsatisfactory  for  two  reasons,  viz,  the  impos- 
sibility of  removing  all  portions  of  the  precipitate  from  the  beaker,  and  also  the 
incomplete  x)recipitatiou  of  the  hydrazone  in  the  half  hour  specified. 

(\  H,  Jones,  Vermont. — If  my  pentosan  results  are  low,  it  is  j/robably  due  to  the 
nature  of  the  iiame  used  in  the  distillation.  This,  I  am  just  informed,  should  be  so 
reguhited  that  no  charring  of  material  occurs  on  the  sides  of  the  flask. 

S.  S.  MunsoHy  Michigan. — In  both  methods  for  determining  pentosans  it  was  impos- 
sible to  obtain  results  that  dui)licated  closely.  The  phloroglucin  method  invariably 
gave  higher  results  than  the  phenylhydrazin  method.  With  sample  No.  1  the  dis- 
tillate usually  gave  a  reaction  with  anilin  acetate  until  about  400  cc  had  passed  over; 
with  No.  2  until  about  450  cc  had  distilled  over.  In  the  phenylhydrazin  method  it 
was  found  necessary  to  let  the  solution  stand  for  some  time  before  filtering,  in  order 
to  secure  complete  precipitation. 

DISCUSSION. 

The  table  shows  that  the  phloroglucin  method  has  almost  uniformly  given  higher 
results,  only  one  chemist  reporting  a  higher  percentage  of  pentosan  by  the  phenyl- 
L  J  drazin  method  than  by  the  phloroglucin  method.  This  was  obtained  by  allowing 
the  solution  to  stand  for  twenty-four  hours  before  filtering. 
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I  have  not  been  able  to  discover  any  cause  for  this  uniform  discrepancy,  but  am 
inclined  to  ascribe  it  to  an  incomplete  removal  of  the  furfnrol-bydrazone  from  the 
beaker  in  which  it  has  been  precipitated.  The  precipitate  is  often  of  sucb  a  nature 
that  when  it  has  become  attached  to  the  sides  of  the  beaker  it  is  a  matter  of  extreme 
difficulty  to  remove  it  completely.  The  crystals,  when  rubbed  with  a  feather  or  glass 
rod,  break  up  into  a  tarry  mass,  which  persistently  adheres  to  the  glass  and  can  not 
be  detached.  I  do  not  think  that  the  difference  is  duo  to  an  incomplete  precipita- 
tion of  the  furfurol-hydrazone,  as  the  phenylhydrazin  method  has  been,  thoroughly 
studied  with  known  amounts  of  furfurol  and  the  factors  which  are  used  are  based 
on  the  results  of  these  studies. 

The  differences  which  occur  between  the  results  obtained  with  the  phloroglucin 
method  by  the  individual  chemists  may  be  due  to  several  causes.  Stift '  has  lately 
published  an  article  on  the  determination  of  the  pentosans  by  the  phloroglucin 
method  in  which  he  shows  that  even  the  phloroglucin  purissimum  of  Merck  gener- 
ally contains  considerable  quantities  of  diresorcin,  and  reports  comparative  analyses, 
made  with  impure  and  purified  phloroglucin,  which  show  deviations  amounting 
with  bran  to  as  much  as  0.28  per  cent.  According  to  Zeisel,  the  diresorcin  maj'  be 
removed  by  shaking  with  an  equal  volume  of  pure  ether  (20  grams  of  phloroglucin, 
20  cc  of  ether)  and  washing  the  residue  with  ether  until  it  no  longer  gives  a  violet 
color  when  dissolved  in  a  few  drops  of  acetic  anhydrid  heated  and  mixed  with  1  to  2 
drops  of  concentrated  sulphuric  acid.  The  phloroglucin  dissolved  by  the  ether  can 
be  recovered  by  distilling  off  the  ether  and  purifying  the  residue,  as  before. 

The  influence  which  the  presence  of  diresorcin  exerts  on  the  result  has  been  the 
subject  of  considerable  discussion,  and  ToUens  and  Kriiger  have  found  that  small 
quantities  do  not  impair  the  accuracy  of  the  method.  This  is  of  some  importance, 
as  the  purification  is  expensive.  Jt  is  evident,  however,  that  some  limit  should  be 
placed  on  the  amount  of  diresorcin  present,  especially  when  we  consider  that  Conn- 
cler  found  Merck's  phloroglucin  purissimum  to  contain  from  7.59  to  14. (»3  per  rent. 
Such  amounts  seriously  vitiate  the  results,  as  the  diresorcin  is  only  difficultly 
soluble  in  hydrochloric  acid  of  1.06  specific  gravity.  Merck  has  now  introduced  a 
phloroglucin  free  from  diresorcin,  and  I  think  that  this  or  a  similar  preparation  should 
always  be  used,  and  that,  as  a  matter  of  precaution,  the  test  above  described  should 
be  npplied. 

A'ariations  in  the  method  of  distillation  cause  errors,  which,  according  to  Stift, 
amount  to  as  much  as  1  per  cent  of  furfurol.  In  a  subsequent  article  Komers  and 
Stift  -  recommended  that  the  distillation  be  carried  out  at  1-10^  to  160^  in  a  bath  of 
Rose's  metal,  at  which  temperature  the  distillate  amounts  to  about  30  cc  every  ten 
minutes.  I  believe  that  the  present  method  of  distillation  is  deficient,  as  it  is  liable 
to  cause  a  certain  amount  of  charring  or  caramelization  on  the  sides  of  the  flask, 
which  is  quite  difiicult  to  prevent  and  will  result  in  a  variable  loss.  I  have,  unfortu- 
nately, not  been  able  to  make  comparative  tests  on  this  point,  but  think  it  worthy 
of  investigation. 

I  wish  to  call  attention  to  the  new  factors  which  have  been  adopted  by  Kriiger 
and  Tollens  for  the  conversion  of  the  phloroglnoid  into  furfurol  and  which  are  based 
on  a  series  of  determinations  made  with  known  amounts  of  furfurol  and  phloroglu- 
cin.   They  are  as  follows: 
•     Phloroglucid  (less  than  and  up  to  0.2  gram)  —  1.82  ^^  furfurol. 

Phloroglucid  (from  0.2  to  0.3  gram)  -^  1.895  =  furfurol. 

Phloroglucid  (from  0.3  to  0.4  gram)  —  1.92  =  furfurol. 

Phloroglucid  (above  0.4  gram)  -r  1.93  =  furfuiol. 


'  Oesterr.  nngar.  Zeitsch.  Zuckerind.  nnd  Landw.,  27,  19. 
2Neue  Zeitsch.  Rtibenzuck.  Ind.,  39, 7,  77. 
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I  also  wish  to  point  out  that  the  formnhi?  wliich  are  given  for  the  conversion  of  the 
fnrfurol  into  pentosans  do  not  agree  with  those  given  hy  Kriiger  and  Tollens,'  whose 
in^'estigations  led  them  to  adopt  the  following  for  the  phloroglucin  method: 
I.  (Fiirfnrol  — 0.0104)  x  1.68  =  x.Ylan. 
II.  (Furfurol  —  0.0104)  x  2.07  =  araban. 

III.  (Furfurol  —  0.0104)  X  1.88  =  pentosan. 

IV.  (Furfurol  — 0.0104)  X  1.91  =  xylose. 
V.  (Furfurol  —  0.0104)  X  2.35  =  arabiuose. 

VI.  (Furfurol  — O.OIOI)  X  2.13  =  pentose. 
The  same  authors  have  adopted  the  following  formulie  for  the  phenylhydrazin 
method : 

I.  Hydrazone  X  0.516  -f  0.0101  =  furfurol. 
II.  Hydrazone  X  0.8681  =  xylan. 

III.  Hydrazone  X  1.0671  =  arnban. 

IV.  Hydrazone  X  0.9676  =  pentosan. 
V.  Hydrazone  X  0.9865  =  xylose. 

VI.  Hydrazone  x  1.2126  =  arabinose. 
VII.  Hydi-azone  X  1.0995  ^^  pentose. 

RECOMMENDATIONS. 

It  is  recommended  that — 

(rt)  A  phloroglucin  free  from  diresorcin  be  specified  for  the  precipitation  of  the 
furfurol. 

(b)  After  the  phloroglucid  has  been  collected  on  the  Gooch  crucible,  the  action  of 
the  aspirator  be  continued  for  half  an  hour. 

((•)  The  sentence  "In  case  there  is  very  little  furfurol  in  the  substance  treated/' 
etc.,  be  stricken  out. 
{(l)  The  time  of  drying  be  made  three  and  a  half  to  foar  hours. 

(c)  The  following  method  for  testing  the  phloroglucin  be  incorporated  in  the  pro- 
visional method :  Dissolve  a  small  quantity  of  the  phloroglucin  in  a  few  drops  of 
acetic  anhydrid,  heat  almost  to  boiling,  and  add  a  few  drops  of  concentrated  sul- 
phuric acid.  A  violet  color  indicates  the  presence  of  diresorcin.  A  phloroglucin 
which  gives  more  than  a  faint  coloration  must  be  rejected. 

(/)  That  the  factors  adopted  by  Kriiger  and  Tollens  be  substituted  for  those  at 
present  in  use. 

SUGGESTION. 

It  is  suggested  that  the  influence  which  variations  in  the  method  of  distillation 
exert  on  the  yield  of  furfurol  be  investigated. 

III.  The  Estimation  of  Galactan. 

The  work  consisted  of  a  comparative  study  of  the  method  proposed  by  Dr.  Lindsey 
in  the  report  for  1897.  I  subsequently  found  that  Mr.  Holland  had  determined  the 
galactan  both  in  the  original  material  and  after  it  had  been  extracted  with  ether. 
This  appeared  to  be  au  important  improvement,  and  I  accordingly  made  a  similar 
comparison  and  requested  Mr.  Teller,  the  associate  referee,  to  do  likewise. 


>  Zeitsch.  angew.  Chem.  1896,  pp.  36-46. 
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The  following  table  contains  the  resnlts : 

Table  5. — Results  obtained  with  the  galacian  method. 


Analysts. 


E.  B.  Ilolland.  MasH.  Exp.  Station 

G.  L.  Teller  and  J.  F.  Moore,  Ark.  Exp.  Station 

H.J.  Paitorsou,  Md.  Exp.  Station 

F.  S.  Shiver.  S.  C.  Exp.  Station 

S.  S.  MaiiKon.  Mich.  Exp.  Station 

W.H.Krng.  U.S.Dept.of  Agr 

Averages 

*  Excluded  from  the  averages. 


Original 

niuteriul. 

Caleulated 
to  dry 
matter. 

Extracted  material. 

In  origi- 
nal anl»- 
steuce. 

In  origi- 
nal sub- 
stance. 

Caiculiited 
to  (Iry 
1     matter. 

r.et. 

r.et. 

r.  ct. 

2\ct. 

8.U 

8.76 

9.33 

1              10. 04 

8.18 

9.00 

9,38 

10.30 

'5.16 

•5.r»7 
9.99 

9.33 

♦ 

7.11 

7.73 

7.67 

8.31 

9.01 

9.76 

8.09 

8.76 

9. 24 

10. 03          . 

NOTE.S   OX  THE   ESTIMATION   OK   OALACTAN. 

G.  L.  Teller  and  J,  F.  Moore,  ArkanHam. — The  weight  of  mucic  acid  obtained  was 
much  more  constant  for  diftereut  determinations  wlien  the  material  was  provioiiHly 
extracted  with  ether  than  when  it  was  not. 

F.  S.  Shiver  J  Sottth  Carolina. — The  galactan  determinations  were  not  as  vsatisfaf.tory 
in  my  hands  as  they  might  be,  quite  large  ditterences  being  found. 

S.  S.  Munaon,  Michigan. — In  the  determination  of  galactan  closely  duplicating 
results  were  secured. 

DISCISSION. 

It  is  seen  that  previous  extraction  with  ether  increases  the  percentage  of  galactan 
found  quite  materially  and  results  in  more  uniform  work.  It  is  without  doubt  a 
valuable  improvement  and  worthy  of  adoption. 

RECOMMENDATION. 

It  is  rc5CO!nmended  that — 

The  provisional  method  for  the  estimation  of  galactan  be  amended  so  that  the 
tirst  line  shall  read,  '*  Extract  3  grams  of  the  finely  powdered  substance  on  a  hard- 
ened rilter  with  five  sucre.s8iv<*  ]iortions  of  10  cc  of  ether,  bring  the  extracted  resi- 
due into  a  beaker,"  etc. 

An  extended  discussion  of  the  report  was  engaged  in  by  the  mem- 
bers, with  especial  reference  to  the  determination  of  carbohydrates  and 
organic  acids.  It  was  pointed  out  that  in  the  reports  of  the  analyses 
of  feeding  stuffs  the  organic  acids  were  usually  omitted.  It  was 
further  pointed  out  that  if  all  the  different  constituents  known  already 
to  exist  in  feeding  stuffs  be  determined,  the  summation  of  the  data  of 
the  analysis  approximates  very  nearly  100  per  cent.  This  is  esi)ecially 
true  of  cereal  grains,  but  in  cases  of  fodders,  hays,  straws,  etc.,  the 
discrepancies  are  still  somewhat  large. 
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Tbe  president  then  called  for  the  report  of  the  referee  on  food  adul- 
teration. In  the  absence  of  the  referee,  Mr.  W.  S.  Sweetser,  the  secre- 
tary re^d  his  report : 

REPOET  OK  FOOD  ADTTLTEEATIOK. 

By  W.  S.  SwEETSER,  Referee. 

Gentlemen  :  Yonr  referees  decided  that  the  time  Iiad  come  when  some  atten- 
tion might  be  given  prolitably  to  the  comparison  of  some  of  the  laboratory  methods 
employed  in  this  branch  of  analytical  work.  The  subject  of  starch  determination 
in  spices  was  selected,  not  because  it  is  the  most  important  determination  made  in 
the  detection  of  adulteration^  but  because  the  subject  seems  to  be  ho  open  to  inves- 
tigation aud  is  one  this  association  is  investigating  in  other  relations. 

Invitations  to  cooperate  in  this  work  were  sent  out  in  the  spring,  bnt  only  a  very 
few  favorable  replies  were  received.  The  work  laid  out  was  of  a  nature  to  require 
but  a  little  time,  yet  very  few  of  the  chemistn  to  whom  these  invitations  were  sent 
were  in  a  position  to  undertake  the  work.  Three  lots  of  whole  spices — nutmeg, 
Jamaica  ginger,  and  Singax>orc  pepper — were  reduced  to  a  very  fine  state  in  tbe 
Menker  fodder  mill.  The  samples  were  not  sifted.  They  were  tightly  corked  and 
sealed  and  sent  to  the  differeut  laboratories  with  the  foUowing  diroctions : 

I.  Diastase  Method. 

STAUCII. 

Exhaust  3  grams  of  the  substance  with  ether  and  treat  the  residue  on  a  Gooi-h 
with  10  per  ceut  alcohol  till  the  soluble  matter  is  extracted,  wash  with  strong 
alcohol,  bring  the  dried  residue  into  a  250  cc  flask  with  50  cc  of  water,  immerse 
flask  in  a  boiliug-watrr  bath,  stirring  the  contents  constantly  until  the  starch  gelat- 
inizes; cool  to  55  C.  and  add  40  cc  of  malt  extract  and  maintain  this  temperature 
until  the  solution  no  longer  gives  the  starch  reaction  with  iodin.  After  cooling 
make  up  to  250  cc,  filter,  aud  invert  200  cc  in  a  10  oz.  flask  with  20  cc  of  25  per  cent 
HCl,  sp.  gr.  1.125,  connect  with  a  roflux  condenser  and  heat  in  a  boiling-wati^r  bath 
for  two  honrs,  cool,  and  when  milk-warm  neutralize  carefully  with  NaOH  (avoiding 
an  excess),  clarify,  if  necessary,  with  10  to  20  cc  of  alumina  cream,  aud  make  up  to 
500  cc.  Mix  well,  pour  through  a  dry  filter,  and  determine  dextrose  in  an  aliquot  part 
by  Allihn's  method.     Convert  dextrose  to  starch  by  the  factor  0.9. 

Preparation  of  mall  extract, — Digest  10  grams  of  fresh,  finely  ground  malt  over 
night  at  ordinary  temperature  with  200  cc  of  water  and  filter.  Determine  the 
amount  of  dextrose  in  a  given  (juautity  of  the  filtrate  after  boiling  with  acid,  etc., 
as  in  the  starch  determination,  and  make  the  proper  correction.. 

II.  Direct  Inversion. 

STARCH. 

Exhaust  3  grams  of  the  substance  with  ether,  treat  the  residue  on  a  Gooch  with  10 
per  cent  alcohol,  and  then  with  strong  alcohol;  dry,  transfer  to  a  flask,  add  200  cc 
of  water  and  20  cc  HCl,  sp.  gr.  1.125,  connect  with  a  reflux  condenser,  and  boil  for 
four  hours.  Filter  out  the  residue  and  accurately  neutralize  the  filtrate  with  NaOH. 
Clarify,  if  necessary,  with  alumina  cream.  Mix  well,  run  through  a  dry  filter,  and 
detennine  dextrose  in  an  aliquot  part  by  Allihn's  method.  Convert  dextrose  to  starch 
by  the  factor  0.9. 


Digitized  by 


Google 


79 

In  addition  to  the  starch  determinations  by  these  two  methods,  the  analysts  were 
requested  to  determine  volatile  oil  by  the  method  considered  preferable  and  to 
report  the  method  in  detail.    The  following  results  and  notes  were  received : 


Analyst. 


Kntmeg. 


es    '     S 


ia 

fl 

T^ 

u  a 

p  > 

5  fl 

01 

'Jj 

X 

Volatile  oil. 
Fixed  oil.             a 

Starch,  dia-      y 
stase. 

Pepper. 

U 

il 

5-= 

'X. 

i 

i 

1:1 'r 

Is 

II 

r  I      I 

C.  D.  Howard,  Duzham,  iJP.c/  T.ci  P.  ei.P.  ct.  P.  et.  P.  ct.  P.ct  P.et  P.  et.  P.  ct.  P.  et.  P.et  P.ct  P.  ct.  P.  et. 

N.H |....  13. 03  35. 10 20. 72 25. 63 1.47  3.12  51.97  57.57' 1.22  7.23  39.15  41.73 

W.  L.   Mitchell,    New  i        |        '         .         i         '         I        I        |         i  I 

Haven, Conn '....3.87  38.29' : 1.49,3.04 \ .90  7.31 ' 

C.  A.  Browne,  jr.,  State  |        '        [         |  '  ,  '        i  '  ,'  '1 

College.Pa ,9.74....! |25.13  25.46  11.39  .........  54.04   58.24  10.93 38.21    43.45 

I        I        ,  I  I  I \ I  

NOTES. 

C  7>.  Howard. — In  the  determination  of  volatile  oils  3  grams  were  extracted  from 
twenty-live  to  twenty-eight  hours  in  a  Johnson  continuous  extractor.  The  extract 
was  transferred  to  a  50  cc  beaker  and  exposed  over  night  and  then  dried  over 
H.-SOh  and  pumice  stone  to  a  constant  weight,  which  was  difllcult  to  obtain.  It  was 
then  dried  a  short  time  at  80^  C.  and  finally  two  hours  at  110-  C.  The  loss  was 
called  volatile  oils  and  the  residue  fixed  oils.  No  difficulty  was  experienced  with 
the  starch  work  except  in  filtering  the  alcohol  extract  from  the  pepper. 

W.  L.  Mitchell. — The  method  used  for  ether  extract  was  that  described  by  Richard- 
son, Bulletin  No.  13,  Division  of  Chemistry.  Two  grams  were  extract!  d  i  wenty  hours 
with  ether  without  previous  drying.  After  allowing  the  ether,  etc.,  to  evaporate 
spontaneously  in  a  capsule,  the  residue  was  dried  twelve  hours  over  H..SO1,  thus 
giving  the  total  extract.  The  loss  after  drying  to  a  constant  weight  at  110^  C.  was 
called  volatile  oil  and  the  residue  non-volatile  ether  extract.  A  second  extraction 
of  ten  hours  gave  the  following  per  cents  of  non- volatile  ether  extract:  Pepper,  0.15; 
nutmeg,  0.13;  ginger,  0.11. 

Dr.  A.  L.  Win  ton  gives  the  benefit  of  some  of  his  experience  alonj^  this  line  of 
work.  He  used  twelve  samples  of  pepper— black,  white,  shells,  long,  etc.— and 
treated  each  according  to  the  two  methods  described  above.  Mis  first  difficulty  was 
with  the  malt  extract.  Standing  over  night  it  invariably  soured,  owing  to  the 
warmth  of  the  laboratory.  It  seemed  necessary  to  fall  back  to  the  old  plan  of 
digesting  three  hours  at  40^  C,  and  using  as  soon  as  possible.  In  each  case  4 
grams  of  the  washed  pepper  were  digested  four  hours  at  55^  C,  with  50  cc  of  the 
malt  extract.  The  bulk  of  the  liquid,  which  was  100  cc  at  the  beginning  of 
the  digestion,  50  cc  starch  paste  and  50  cc  malt  extract,  was  increased  to  150  cc 
at  the  end  of  the  third  hour  to  remove  the  paste  adhering  to  the  sides.  At  the  end 
of  the  fourth  hour  the  solutions  gave  no  blue  with  iodin,  and  the  analyses  were  fin- 
ished in  the  manner  directed.  Unfortunately,  he  found,  wlien  too  late,  that  there 
was  still  undissolved  starch  in  the  solid  part  of  the  pepper,  and  the  fact  that  the 
results  were  from  5  to  8  per  cent  lower  than  by  the  direct  inversion  was  largely  due 
to  this  cause.    Time  was  too  limited  to  follow  the  matter  up  before  this  meeting. 

Fine  grinding  aids  in  the  malt  digestion,  but  renders  the  preliminary  washing  very 
difficult  and  bo  slow  that  fermentation  is  liable  to  set  in.  Then,  too,  there  is  danger 
of  loss  of  starch  mechanically,  especially  with  those  spices  whose  starch  grains  are 
very  minute. 

Tjonger  digestion  with  the  malt  might  be  more  effective,  bnt  there  might  be  the  pos- 
sible danger  of  the  malt  beginning  to  ferment  by  protracted  heating  at  50^^  to  55^^  C. 
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Interrnptid  dujettion  is  also  suggested.  This  ]»lan  is  to  digest  with  a  certain 
aaionnt  of  malt  extract  for  one  honr,  then  boil,  add  more  malt  extract,  after  lower- 
ing to  tho  proper  temperature,  and  digest  again.  This  process  conld  be  repeated. 
The  boiling  would  probably  render  the  starch  more  gelatinous  and  easily  acted  upon 
than  the  mere  heating  in  a  bath  of  boiling  water.  This  plan  of  interrupted  diges- 
tion seems  worthy  of  some  attention,  especially  with  those  spices  which  should  not 
be  ground  very  fine. 

Your  referee  suggests  that  this  subject  receive  further  attention,  and  that  these  two 
methods  of  starch  determination,  with  some  modifications,  bo  applied  side  by  side 
to  spices  quite  low  in  starch  content,  such  as  cayenne,  cloves,  and  mustard. 

In  the  (examination  of  such  material,  a  quick,  accurate  method  for  the  determina- 
tion of  starch  would  be  valuable. 

The  president  called  for  papers  on  the  subject.  None  having  been 
presented,  the  discussion  of  the  subject  was  declared  to  be  in  order. 

Mr.  W.  D.  Bigelow  said  he  was  much  interested  in  this  matter  and 
would  be  glad  to  hear  from  the  president  of  the  association,  who  had 
lately  done  a  great  deal  of  work,  on  spices  especially.  The  great  object 
of  the  study,  of  course,  is  to  enable  one  to  judge  of  the  purity  of  the 
spices  offered  for  sale.  These  spices  often  have  starch  added  as  an 
adulterant,  for  instance,  wheat  starch.  There  should  be  some  standard 
on  a  subject  of  this  kind,  and  he  understood  that  the  president  was 
engaged  in  work  which  might  lead  to  the  establishment  of  just  stand- 
ards for  spices  and  condiments  of  all  descriptions.  The  present  methods 
of  examination  seem  to  be  too  tedious.  Shorter  and  yet  reasonably 
accurate  methods  should  be  devised,  if  possible.  Perhaps  it  might  be 
suQicient  to  make  a  hydrolysis  of  the  spice  and  polarize  it  directly,  or 
the  diastase  solution  might  be  polarized  directly.  8uch  a  method, 
while  not  at  all  accurate,  might  be  satisfactory  for  sorting  purposes. 

The  president  said  he  was  very  full  of  this  subject.  He  camefrom  a 
State  which  was  supposed  to  be  the  original  home  of  the  fubricatlou 
of  nutmegs,  and  was  naturally  interested  in  spices  and  condiments  of 
all  kinds.  He  said  he  had  samples  at  his  hotel  of  spices  and  condi- 
ments which  he  would  gladly  bring  up  and  show  to  the  association^ 
having  collected  a  great  number  for  analytical  purposes. 

The  method  in  use  by  him  was  to  determine  the  oils,  ash,  water,  and 
alcohol  extract,  nitrogenous  bodies,  and  in  addition  to  this  special 
microscopic  examinations.  A  great  many  adulterations  of  spices 
were  in  the  way  of  the  use  of  exliausted  spices,  such  as  ginger.  The 
microscope  has  no  value  in  discriminating  between  exhausted  aud 
nou  exhausted  spices.  In  England  the  custom  is  to  determine  the 
cold-water  extract,  starch,  etc.  Full  reports  of  the  president's  work 
will  be  found  in  later  publications  of  the  Agricultural  Exx>eriment 
Station  of  Connecticut,  food  adulteration  department. 

Mr.  II.  A.  llustou  called  attention  to  the  fact  that  the  mnnufacturers 
and  dealers  should  have  their  names  on  the  packages  of  spices,  so  that 
they  could  be  identified. 

Mr.  Bigelow  called  attention  to  the  desirability  of  publishers  of  chem- 
iv^x\  books  printing  their  advertisements  on  cards  similar  to  those  used 
for  library  purposes,  so  that  these  advertisements  might  be  conveniently 
filed.    The  association  voted  to  concur  in  Mr.  Bigelow's  suggestion. 
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The  president  begged  leave  to  call  the  attention  of  the  association 
to  the  death  of  one  of  its  associate  referees,  namely,  Dr.  Charles  P. 
Worcester,  of  Boston.  Dr.  Worcester  was  in  ill  health  at  the  time  he 
accepted  the  position  of  associate  referee,  but  was  so  much  interested 
in  the  work  that  he  consented  to  do  the  best  possible.  Death,  however, 
brought  his  career  to  an  untimely  end.  The  president  asked  the  mem- 
bers, as  a  tribute  to  the  memory  of  the  late  Dr.  Worcester,  to  rise  in 
their  places. 

The  president  appointed  the  following  committee  on  nominations  for 
offices  for  the  next  year:  Messrs.  Scovell,  Eoss,  and  Frear.  The  presi- 
dent then  declared  the  convention  adjourned  until  afternoon. 

SATUBDA7— AFTEBHOOH  SESSION. 

On  the  reassembling  of  the  association  the  president  called  for  the 
report  of  the  committee  on  recommendations  of  referees.  The  com- 
mittee presented  its  unanimous  report  in  favor  of  the  recommendations 
of  the  referee  of  foods  and  feed  stuffs.    The  report  was  adopted. 

The  report  on  dairy  products  was  then  called  for,  and  it  was  read  by 
the  referee,  Mr.  C.  L.  Penny,  as  follows: 

EEPOET  ON  DAIEY  PRODUCTS. 
By  C.  L.  Penny,  Referee. 

The  work  on  which  asHistance  was  asked  from  members  of  the  association  for  th^s 
year  is  oatliued  in  the  following  circular  letter: 

Association  of  Official  AciRicuLXiRAL  Chemists. 

MKTHODS  FOR  THE   ANALYSIS   OF   DAIRY   PRODUCTS. 

Yonr  cooperation  is  requested  in  studying  the  following  methods  for  the  analysis 
of  dairy  products : 
I. —  Volatile  acide  of  hatter  fat, 

1.  Compare  the  provisional  method  of  saponitication,  using  a  reflux  tube  or  con- 
denser (Circular  4,  p.  3),  with  the  official  method  prescribing  a  closed  flask. 

2.  Compare  with  the  official  method  of  saponiflcation  the  Leffmann-Beam  method, 
using,  if  possible,  both  fresh  and  rancid  butter.  (See  Analyst,  Vol.  XVI,  p.  153; 
Vol.  XVII,  p.  65  and  p.  176,  and  Vol.  XXI,  p.  259.) 

II. — Casein  in  mHJc. 

1.  Modification  of  provisional  method  1.  (Acetic  acid  method,  Circnlar  4,  p.  3.) 
''Carry  the  method  through  as  described  to  the  washing  of  the  precipitate,  then 
neutralize  the  filtrate  as  exactly  as  possible  with  caustic  alkali;  filter  ofl*  any 
precipitate  that  may  form  and  add  it  to  the  former  precipitate  for  the  nitrogen 
determination." 

2.  Alum  method :  '*  To  10  cc  of  milk  add  50  cc  of  water  at  40°  C.  Then  add  1.5  cc 
of  an  alum  solution  saturated  at  40=^  C.  or  higher.  If  the  precipitate  fail  to  settle 
promptly,  add  half  a  cubic  centimeter  more  of  the  alum  solution,  filter,  wash  with 
water,  and  use  Kjeldahl  method  for  nitrogeu.' 

III. — Albumin  in  milk. 

Modification  of  provisional  method:  "To  the  filtrate  from  the  casein,  according  to 
either  of  the  above  methods,  add  10  cc  of  strong  tannin  solution;  heat,  filter,  wash 
with  water,  and  determine  nitrogen." 

The  proposed  work  on  milk  is  suggested  by  the  last  referee,  Dr.  Van  Slyke.  Sam- 
ples of  milk  will  be  sent  to  you  for  the  casein  and  albumin  if  you  are  willing  to 
cooperate  in  that  part  of  the  work. 

C.  L.  Penny,  Referee, 

Newark,  Del.,  April  29, 1898, 
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I.  VOLATILE  ACIDS  OF  BUTTER  FAT. 

1.    CONDEN'SKR    VERSUS   CLOSED   FLASK. 

Your  referee  was  directed  to  iuv^estigate  the  propriety  of  using  a  flask  attached  to 
a  reflux  eonoeuser  for  the  sapoiiiQcation  of  fats  iu  x)lace  of  the  closed  flask.  Dr. 
Weenis,  of  the  Iowa  Station,  found  aReichert  number  of  20.65  by  the  present  method 
with  closed  flask,  and  20.75  with  condenser,  each  result  being  a  mean  of  two  deter- 
minations. Mr.  C.  H.  Jones,  of  the  Vermont  Experiment  Station,  found,  working 
wiih  four  different  samples,  higher  results  with  the  condenser  in  the  case  of  two, 
viz,  0.15  CO  and  0.31  cc  higher,  respectively,  and  in  the  case  of  tlie  other  two,  higher 
results  with  the  closed  flask,  viz,  0.31  cc  and  0.38  cc  higher,  respectively.  The  mean 
of  the  four  is  0.03  cc  higher  with  the  closed  flask,  aud  this  must  be  regarded  as  com- 
plete concordance.  It  will  appear  from  this  that  nothing  is  lost  by  the  use  of  the 
condenser,  as  the  average  results  agree  perfectly.  As  the  ethyl  butyrate,  whoso 
escape  is  feared,  boils  at  about  120,  the  condenser  would  seem  to  fultill  the  extreme 
of  precaution,  and  iu  fact  to  be  more  certain  than  the  secure  closing  of  a  flask  to 
withstand  an  internal  pressure  of  over  an  atmosphere.  It  is  probable  that  most  of 
the  experience  on  volatilio  acids  has  been  gotten  with  the  use  of  a  condenser,  as  that 
becms  to  be  the  method  in  more  general  use.  It  is  questionable,  however,  whether 
the  open  flask  on  a  water  bath,  as  prescribed  by  Konig  in  his  Agricultural  Analysis 
(Landwirtschaftliche  v.  Gewerb.  Stofle,  403),  is  not  entirely  too  incautious.  It  would 
seem  from  t\w  results  given  above  nnd  from  general  experience  to  be  unquestionably 
as  safe  to  use  a  condenser  as  a  closed  flask.  1  have  no  hesitation  in  recommending 
to  the  association  the  ado]>tion  of  this  proviKional  method  as  official. 

2.  Lefkmanx-Beam  Saponification    Method  versus  the  Official  Reichert- 

WoLLNEY  Method. 

About  six  years  ago  the  attention  of  the  association  was  directed  to  tlie  Leflmanu- 
Beam  sapouiflcation  method.  In  the  light  of  some  analytical  results  presented  at 
that  time  no  favorable  recommendation  touching  its  adoption  was  made,  antl 
beyond  discussion  no  action  was  taken.  Since  then  no  official  report  has  been 
made  to  the  association  on  the  subject. 

This  method,  as  is  well  known,  consists  iu  heating  in  an  open  flask  over  a  direct 
flame  the  liutter  fat  with  a  solution  of  caustic  soda  in  glycerol.  The  saponification 
takes  place  very  rapidly  and  at  a  temperature  considerably  above  100^;  in  fact,  it 
appears  to  be  almost  instantaneous  as  compared  with  the  Reichert-Wollney  method. 
Water  is  added  at  once  to  the  soap  thus  formed,  then  dilute  sulphuric  acid,  when 
the  distillation  is  begun  without  previous  melting  of  the  fatty  acids.  Thereafter 
everything  is  as  in  the  official  method. 

The  advantages  of  the  glycerol  method  are  so  obvious  to  anyone  who  has  tried  it 
that  little  need  be  said.  When  it  is  remembered  that  the  official  method  advist-s 
one  hour  for  saponification  proper,  aud  for  solution  of  free  fatty  acids  a  time  varying 
from  a  few  minutes  to  several  hours,  the  saving  of  time  by  the  glycerol  method  is 
enormous,  reducing  to  five  minutes  at  most  what  requires  one  or  more  hours.  It  is 
doubtful  if  any  other  analytical  method  have  been  devised  within  recent  years  that 
so  greatly  abridges  a  process  as  does  this  one.  So  easy  is  it  in  the  execution,  Tir- 
thermore,  that  the  only  question  as  to  its  precedence  of  all  rivals  i«<  as  io  the  results 
obtained. 

It  is  much  to  be  regrettid  that  fuller  original  experimental  data  can  not  be  laid 
before  the  association,  but  I  have  available  only  the  results  of  Dr.  Weems  and  my 
own. 

Dr.  Weems  found  20.21  cc  decinormal  soda  as  a  mean  of  two  determinations  for  5 
grams  of  fat,  using  20  cc  of  a  5  per  cent  solution  of  soda  in  glycerol,  and  again 
20.32  cc  decinormal  soda  using  10  cc  of  a  12  per  cent  glycerol  solution.  The  official 
method  gave  as  a  mean  of  two  determinjitions  20.05  cc  decinormal  baryta.  Appar- 
ently two  different  standard  solutions  were  used  for  the  titration,  soda  for  the  new 
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method  and  baryta  for  the  old.  The  discrepancy  is  0.39  cc  less  by  the  glycerol 
luothod. 

My  own  resalts  are  as  follows : 

On  a  singlo  sample  of  fresh  butter  four  repetitions  by  the  official  method  averaged 
28.80  cc  and  thre  >  by  the  Leftmann-Beam  28.63  cc,  a  shortage  for  the  latter  of  0.17  cc. 
In  a  series  ot'  comparative  tests  on  10  different  samples  from  ten  to  fourteen  months 
old,  and  consequently  rancid,  the  official  method  averaged  0.78  cc  above  the  Leffmanu- 
Beam.  In  14  similar  comparisons  of  11  samples  all  less  than  a  mouth  old,  the  official 
method  averaged  0.49  cc  above  the  other.  Thus  the  Leffmann-Beam  method  seems  to 
give  slightly  lower  results  than  the  official  method,  on  a  general  average  of  the 
above  figures  0.35  cc  for  fresh  samples  and,  as  just  stated,  about  0.78  for  rancid 
samples. 

Two  questions  may  with  propriety  be  asked :  First,  is  this  shortjige  an  error?  and, 
second,  if  it  be  an  error,  is  it  a  material  one?  The  Leifmunn-Beam  method  requires 
the  sample  and  reagent  to  be  heatetl  considerably  above  100^  (as  judged  by  the 
explosion  of  the  refluent  drops  of  water)  before  the  reaction  sets  in.  During  this 
raising  of  the  Temperature  there  is  doubtless  a  certain  loss  of  free  volatile  acids.  Is 
this  a  defect  or  a  merit f  By  the  official  method  such  escape  can  not  occur  except 
during  the  prolonged  heating  of  the  original  butter  sample  *'at  about  60^  for  two 
or  three  hours"  when  such  escupe  docs  unquestionably  occur,  especially  with  rancid 
samples.  What  are  these  free  volatile  acids?  Are  they  ou  the  one  hand  original 
loustituents  of  the  pure  natural  butter  fat  or  liberated  from  the  same,  or,  on  the 
other  hand;  are  they  fermentation  products  of  non-fatty  bodies  left  in  butter,  as 
casein,  milk  sugar,  and  lactic  acid?  If  these  free  volatile  acids  have  been  liberated 
from  butyrin  with  separation  of  glycerol,  they  ought  to  be  counted  in  the  final  dis- 
tillate. If  they  have  been  formed  by  fermentation  from  lactic  acid  or  milk  sugar 
they  are  as  much  foreign  to  butter  fat  as  is»cottouseed  oil,  and  they  ought  to  have 
no  place  in  the  distinction  of  butter  fat  from  other  fats.  Or,  to  apply  the  question 
directly  to  the  end  in  view,  in  the  sum  total  of  volatile  acids  taken  as  characteristic 
of  butter  fat  should  the  free  volatile  acids  of  the  original  sample  be  inchided? 
There  are  arguments  on  both  sides.  It  has  been  found  that  butter  after  a  longtime, 
as  several  years,  loses  a  little  of  its  total  volatile  acids,  a  fact  seeming  to  indicate 
that  everything  volatile  should  be  counted;  whereas  there  is  doubtless  a  shorter 
time  after  making  when  tbo  sum  of  volatile  acids  is  increased  by  fermentation  prod- 
ucts of  the  sugar  and  lactic  acid,  bodies  less  stable  than  the  fats  and  more  readily 
split  up.  To  take  evidence  from  practical  life,  the  readiness  with  which  poorly 
worked  butter  becomes  rancid  seems  to  emphasize  the  fact  of  an  accession  of  volatile 
fatty  acids  from  a  non-fatty  source.  As  a  choice  between  uncertainties,  since  to  the 
analyst  the  a*^e  and  other  conditions  of  a  sample  are  supposed  to  be  unknown,  I 
am  of  the  opinion  that  the  Reichert  number  should  be  understood  to  represent  com- 
bined volatile  fatty  acids,  with  exclusion  of  the  free.  Should  this  view  obtain,  the 
slight  shortage  by  the  Leffmann-Beam  method  would  not  be  considered  a  defect.  It 
would  seem  that  the  official  method  ought  to  aim  at  one  thing  or  the  other,  either  to 
count  all  of  the  volatile  acids,  free  and  combined,  or  to  count  only  the  combined. 
At  present  it  does  neither.  The  melting  of  the  sample  at  60^  for  two  or  three  hours 
is,  of  course,  attended  with  some  loss  of  free  acids,  as  may  easily  be  detected  by  the 
sense  of  smell.  If  it  be  designed  to  include  such  acids  as  characteristic  of  butter 
fat,  then  the  preliminary  official  method  of  treating  the  butter  sample  calls  for 
revision. 

As  to  the  second  question:  If  any  deficiency  as  compared  with  the  official  results 
be  assumed  an  error,  is  it  a  material  one!  It  must  be  remembered  in  considering 
the  Reichert  distillation  that  we  are  dealing  with  something  practically  of  high 
utility  but  logically  incomplete  and  fallacious,  in  that  the  distillate  obtained  is  but 
ft  fraction  of  the  characteristic  body  present  in  the  sample,  and  furthermore,  a  frac- 
tion variously  estimated,  under  different  manipulation,  as  low  as  80  per  cent  and  as 
high  as  87  per  cent,  so  that  the  distillation  alone  from  the  same  soap  might  vary  by 
oue-twelfth  or  by  2  cc  or  more.  (See  Analyst  XX,  218,  and  Allen,  Organic  Anal., 
II,  45.) 
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If  there  be  any  mode  of  reasoning  repugnant  to  the  true  scientific  spirit,  it  is  this 
inference  from  an 'unknown  part    to  the   whole.     The  only  justification  in  this 
instance  is  the  lack  of  something  better.     The  practical  end  aimed  at  is  attained 
with  as  much  certainty  as  fluctuations  in  natural  butter  fat  will  permit,  and  that,  ' 
in  default  of  something  better,  is  enough. 

It  must  be  clear  that  the  vulnerable  point  of  the  entire  Relchert  method  is  tlie 
distillation^  not  the  saponification,  the  uncertainty  as  to  the  precise  fraction  that  is 
distilled  over.  This  uncertainty  has  been  reduced  so  far  as  possible  by  the  prescrip- 
tion of  volume  of  liquid  to  be  boiled,  volume  of  distillate,  time  of  boiling,  etc. 
But  there  still  remain  unfixed  conditions  and  practically  unfixable,  in  the  atmos- 
pheric pressure,  shape  of  flask,  etc.,  so  that  after  the  soap  has  been  formed,  the  acids 
liberated  and  melted,  if  the  solution  were  given  to  different  chemists  to  distill  there 
might  be  expected  results  varying  as  widely  as  an^-  we  find  in  our  comparative  tests. 
These  difterences  between  comparative  tests  are,  however,  slight.  Let  anyone  com- 
pare them  with  the  results  obtained  by  different  chemists  on  the  same  sample  of 
phosphoric  acid,  for  example,  and  it  will  be  seen  that  this  method,  incomplete  and 
fractional  as  it  is,  compares  favorably  in  concordance  with  some  of  the  oldest  and 
best  tried  methods  of  analytical  fhcmistry. 

It  must  furthermore  be  borne  in  mind  that  the  present  application  of  the  volatile 
acids  determination  is  to  distinguish  genuine  butter  fat  from  other  fats.  When  it 
is  remembered  that  the  Keichert  number  for  genuine  butter  fat  has  been  found  to 
vary  as  much  as  2  to  1,  from  34  cc  decinormal  alkali  to  less  than  15  cc,  it  will  be 
clear  that  a  close  discrimiuation  between  bntter  fat  and  other  fat,  or  a  quantitative 
determination  of  a  mixture  of  each,  must  be  within  wide  limit's  of  possible  varia- 
tions, so  wide,  in  fact,  that  the  discrepancies  here  presented  are  hardly  as  g^eat  io 
practical  effect  as  the  errors  of  a  good  balance,  i.  e.,  they  are  nothing.  What 
rational  chemist  would  dare  to  say  that  a  sample  giving  a  Keichert  number  of  20 
is  genuine  and  another  giving  one  of  19  is  adulterated?  Such  arbitrary  decisions  * 
have  been  made,  it  is  true.  With  the  confidence  that  inexperience  alone  gives,  it 
was  held  that  any  result  below  a  fixed  Reichert  number  should  indicate  adulteration, 
and  the  proportion  of  the  adulteration  was  to  be  determined  as  certainly  as  by  the 
rule  of  three.  But  widening  experience  with  the  vagaries  of  nature  in  the  making 
of  butter  fat  reduced  this  number  from  28  to  26,  to  24,  even  to  20.  rnfortunately, 
Spallanzani  found  sa.uples  below  15.  These  are,  for  the  sake  of  the  analyst's  assur- 
ance, regarded  as  abnormal  (though  how  he  shall  say  that  his  unknown  sample  may 
not  also  be  abnormal,  but  genuine,  is  not  clear).  At  all  events  the  quantitative 
resnlt  of  the  Reichert  method  aims  x)rimarily  at  a  qualitative  conclusion,  the  qacs- 
tion  of  more  or  less  being  a  minor  one.  lu  this  it  differs  from  almost  all  other 
analytical  i>rocesses.  A  judgment  jiassed  upon  the  general  Reichert  method  that 
ignores  this  vital  distinction  is  erroneous.  It  is  a  mistake  to  assume  that  analytical 
fluctuations  have  the  significance  here  that  they  have  in  phosphoric  acid  determina- 
tion for  example,  where  analyses  fix  money  values'  in  strict  proportion,  thongh,  as 
was  said,  the  method  under  discussion  will  bear  the  comparison.  The  considera- 
tion of  the  value  of  a  method  ought  to  regard  its  application  as  well  as  its  inherent 
qualities.  In  the  light  of  all  that  can  be  ascertained  I  do  not  hesitate  to  recom- 
mend to  tlie  association  for  its  unqualified  adoption* the  Leflmann-Beam  saponifica- 
tion metliod. 

II.  CASEIN  IN  MILK. 

Two  modifications  of  the  present  method  have  been  proposed :  First,  the  neutrali- 
zation uf  the  acetic  acid  filtrate,  in  order  to  obtain  a  second  precipitate  which  is  to 
he  added  to  the  main  precipitate;  second,  the  precipitation  of  casein  with  a  eat- 
nrated  solution  of  alum  instead  of  acetic  or  other  acid.  The  comparative  analyt- 
ical results  which  follow  are  somewhat  fragmentary,  in  that  the  several  analysts 
have  not  covered  the  same  ground,  yet  some  inference  may  be  drawn. 
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CASEIN  AND  ALBUMIN  IN  MILK. 


Analyst. 


Total 


Casein. 


Albnmin. 


Provi- 

I    aional 

method. 


Acetic  fll-, 

Itrateneu-! 

tralized. 


Alum 
method. 


fiSTal    l^T^,^'    Alum  fll. 


I  Per  cent.  Per  cent.   Per  cent.    Per  cent.  Per  eent.   Per  cent.   Per  cent. 


C.  H.  Jones,  Vt.  Exp.  Station . 


f       3.37   

3.41' ;.... 

2.78  , 

2.79  ' 
2.76  1 

2.73 
2.09 
2.66 

0.40 

0.59| 
.62 

3  41  , 

.63 

I        3.40    

2.78 

2.69 

.39  ! 

.6H 

I.  J.  Meado,Iowa  Exp.  Station 


»1.62 


U.»4 


J.  A.  Le  Clerc,  Geneva,  N.  T., 
Exp.  Station 


C.  L.  Penny,   Del.  Exp.  SU- 
tlot» 


G.  E.  Patrick  and  T.  C.  Tres 
cot,  n.  S.  Dept.  of  Agr 


1  Presumably  an  arithmetical  error,  the  percentage  of  nitrogen  being  unknown  to  the  referee. 
'These  two  results,  evidently  erroneous,  were  inexplicable  to  the  analysts  and  were  therefore 
reported ;  but  they  are  not  included  in  the  average. 

Ab  to  the  modifioatioD  of  the  acetio  method  (consisting  in  neatralizing  tlio  ncid 
filtrate  with  caustic  alkali  and  recovering  any  precipitate  that  may  have  formed)  Mr. 
Le  Clero  finds  an  increase  of  0.11  per  cent  while  I  could  not  detect  a  second  precipi- 
tate. The  alum  method  is  found  by  Messrs.  Jones  and  Le  Clerc  to  give  from  0.08  to 
0.09  per  cent  less  than  the  modified  acetic  method/ and  by  Messrs.  Patrick  and  Tres- 
cut  0.07  per  cent  leas,  while  I  find  equal  results. 

III.  ALBUMIN  IN  MILK. 

As  to  the  determination  of  albnmin  by  means  of  a  strong  tannin  solution,  the 
resnlts  range  from  0.66  by  Mr.  Meade  to  0.39  per  cent  by  Mr.  Jones,  disorepancieft 
intluenced  somewhat,  though  not  wholly  caused,  by  the  nature  of  the  filtrate  Arom 
which  the  tannin  precipitation  was  made.  Without  further  comment  ou  the  results 
and  without  recommendation  I  offer  a  suggestion  for  future  investigation,  viz :  That 
the  total  nitrogen  be  determined  directly;  that  a  relatively  large  quantity  of  milk, 
as  75  grams,  be  diluted  about  fivefold  and  be  treated  according  to  the  alum  method 
in  liter  flask  and  made  up  to  the  m.ark ;  in  nn  aliquot  of  the  filtrate  from  this  let  the 
nitrogen  be  determined  and  (multiplied  by  6.25)  let  it  be  counted  as  albumin ;  let  the 
casein  be  found  by  difference.  This  would  dispense  with  the  washing  of  the  casein, 
which  is  a  tedious  process.  If  there  be  nny  nitrogenous  body  in  milk  properly 
included  neither  in  that  which  acetic  acid  and  alum  precipitate  nor  in  that  which 
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tannin  precipitates^  it  must  be  present  in  minate  proportion ;  it  is  hard  to  see  what 
advantage  can  aocrne  from  so  extended  a  subdivision  of  the  proteids  in  milk,  even 
ahould  the  actual  existence  of  a  number  of  such  bodies  other  than  casein  and 
albumin  seem  to  justify  that  step.  By  far  the  readiest  way,  then,  of  detemiining  the 
casein  and  albumin  would  seem  to  be  to  count  for  albumin  all  proteids  that  the  alum 
does  not  precipitate  and  to  deduct  this  from  the  total  sum  of  proteids.  By  this 
method  there  would  be  but  a  single  precipitation,  no  washing  of  a  precipitate,  and 
two  determinations  of  nitrogen,  the  total  and  the  albuminous.  The  results  of  Mr. 
Le  Clerc,  added,  show  the  casein  plus  albumin  to  be  within  0.02  per  cent  and  0.08 
per  cent  of  the  total  proteids ;  Mr.  Jones  finds  the  sum  of  casein  and  albumin  to  faL 
0.23  i)er  cent  and  0.10  per  cent  short  of  totai  proteids,  a  result  due  to  his  higher 
figure  for  total  nitrogen  rather  than  to  lower  figures  for  casein  and  albumin. 

RECOMMENDATIONS. 

(1)  That  after  the  last  line  on  page  27  of  the  Methods  the  following  be  inserted: 
"(iii)  The  fat  prepared  as  above  may  also  be  weighed  into  the  saponification  flask 
from  a  weighing  tube  marked  to  contain  5.75  cc.'' 

(2)  That  the  provisional  method  of  saponification,  given  in  the  fifth  paragraph  of 
.page  3,  Circular  No.  4,  be  made  optional. 

(3)  That  after  the  first  full  paragraph  on  page  29  of  the  Methods  the  following  be 
inserted : 

Levfmann-Beam  Method. 
(1)  lieagenis. 

(a)  Glycerol-Soda  Solution. — Add  20  cc  of  a  50  per  cent  solution  of  sodium 
hydroxid  to  180  cc  pure  concentrated  glycerol.  The  soda  must  be  as  free  from 
carbonate  as  possible. 

(b)  Sulphuric  Acid.— Make  up  200  cc  of  concentrated  sulphuric  acid  to  1  liter. 

(2)  Saponification  and  dUtillation, 

About  5  grams  of  fat  are  weighed  into  a  fiask  and  20  cc  of  the  |;lycerol-soda  solu- 
tion added.  The  flask  is  then  heated  over  a  Bonseu  burner  until  complete  sapon- 
ification takes  place,  as  evidenced  by  the  mixture  becoming  perfectly  clear,  the 
-^hole  operation  requiring  less  than  five  minutes.  The  soap  is  then  dissolved  in  1^  cc 
of  water,  preferably  previously  boiled,  the  water  being  added  at  first  drop  bjr  drop, 
to  prevent  foaming;  5  cc  of  the  dilute  sulphuric  acid  are  added  and  the  distillation 
is  carried  on  at  once,  as  usual,  without  the  previous  melting  of  the  free  fatty  acids. 

At  the  conclusion  of  the  reading  of  the  report  papers  were  callcti 
for,  and  none  being  presented,  discussion  followed  on  the  subject  of 
the  melting  points  of  fatty  acids  before  distillation.  It  was  the  general 
consensus  of  opinion  that  it  was  not  necessary  to  wait  for  a  complete 
fusion  of  the  fatty  acids  before  beginning  the  distillation,  but  that  the 
distillation  might  begin  as  soon  as  the  acid  was  added  and  the  soaps 
entirely  decomposed. 

Attention  was  called  by  Mr.  Scovell  to  the  fact  that  if  only  jost 
enough  acid  be  added  to  neutralize  the  alkali  it  requires  a  longer  time 
to  melt  the  separated  fatty  acids,  while  the  addition  of  an  excess  of 
acid  facilitates  the  fusion. 

It  was  stated  by  Mr.  Hand  that  for  the  ordinary  quantities  employed 
25  cc  are  usually  enough. 

It  was  stated  by  Mr.  Penny  that  the  quantity  of  acid  and  alkali 
emiiloyed  in  the  Leffmann-Beam  method  was  the  same  as  with  ordi- 
nary procedure. 
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The  committee  on  recommeudations  here  presented  its  report  in 
favor  of  the  recommendations  of  the  referee  on  dairy  products.  The 
report  was  adopted. 

The  Pkesident.  The  hour  of  2  o'clock  having  come,  the  special 
order  ia  the  election  of  officers  for  the  ensuing  year.  I  therefore  call 
upon  the  committee  on  nominations  for  a  report. 

Mr.  ScovELL.  Mr.  President,  your  committee  on  nominations  begs 
to  submit  the  following  recommendations : 

For  president,  Mr.  E.  C.  Kedzie,  of  Michigan;  for  vice-president,  Mr. 
B.  W.  Kilgore,  of  Mississippi;  for  secretary,  Mr.  H.  W.  Wiley,  of  Wash- 
ington; for  additional  members  of  the  executive  committee,  Mr.  H.  J. 
Wheeler,  of  Rhode  Island;  Mr.  B.  B.  Bobs,  of  Alabama;  Mr.  William 
Frear,  ot  Pennsylvania. 

The  secretary  was  instructed  to  cast  the  ballot  of  the  association  for 
the  nominees  of  the  committee.  The  secretary  reported  that  he  had 
cast  the  unanimous  ballot  of  the  association  In  favor  of  the  candidates 
named. 

The  report  of  the  referee  on  sugar  was  next  called  for.  The  referee, 
Mr.  R.  8.  Hiltner,  then  prese^nted  ihe  following  report: 

EEPOKT  ON  SUGAB  ANALYSIS. 

By  R.  S.  HiLTXKR,  Referee. 

As  there  bas  been  do  work  done  by  the  association  on  sugar  analysis  and  no  offi- 
cial report  on  the  subject  for  the  last  two  years,  it  is  possible  that  many  members 
have  lost  track  of  the  linos  of  work  in  progress  previous  to  that  time.  On  this 
account,  before  discussing  the  work  of  the  present  year,  a  brief  r^sumiS  of  the  work 
already  done  on  the  subject  may  not  be  out  of  place. 

As  gleaned  from  published  reports  of  proceedings  and  from  correspondence  with 
our  secretary,  Dr.  Wiley,  the  work  that  has  been  carried  on  may  be  summed  up  as 
follows : 

At  the  fifth  annual  meeting  the  first  report  of  the  committee  on  sugar  was  read. 
The  committee  simply  suggested  general  methods  for  the  analysis  of  juices,  molasses, 
etc.  There  was  no  formal  report  on  sugar  at  the  sixth  convention,  but  a/paper  was 
read  by  Mr.  B.  B.  Ross,  in  which  he  described  experiments  in  the  redetermination 
of  Clerget's  const-ant.  At  Dr.  Wiley's  suggestion,  the  methods  of  the  Louisiana 
Sugar  Association  were  adopted  provisionally.  Subsequent  to  the  sixth  meeting . 
the  work  of  the  association  has  been  confined  largely  to  the  methods  of  desiccation 
of  various  products.  The  "double  polarization''  methods  and  determinations  of 
ash  have  also  received  some  attention. 

It  is  but  a  truism  to  state  that  sugar  aualysis  is  a  broad  field  and  that  there  yet 
remains  much  valuable  work  to  be  done  in  the  investigation  of  both  beet  and  cane 
products.  The  real  difficulty  in  the  way  of  rapid  progress  in  this  work  is  not  a 
scarcity  of  material  nor  of  subject  matter,  but  rather  a  lack  of  time.  Unfortunately, 
few  members  of  the  association  can  spare  the  time  required  by  such  work. 

Of  late  years  the  demand  upon  the  time  of  the  station  chemist  has  been  so  varied 
and  the  pressure  of  routine  work  so  great  as  to  considerably  retard  aggressive  work  for 
the  association,  and  consequently  the  interest  in  many  of  the  branches  has  consider- 
ably lagged.  The  effect  of  this  has  been  keenly  felt  in  arranging  the  work  on  sugar 
analysis  this  year.  Of  the  55  stations  only  16  chemists  offered  to  assist  in  this  work, 
and  of  th&He  only  4  reported  results.  The  almost  unanimous  reason  for  declining  to 
take  part  in  the  investigation  was  "lack  of  time.''    This  state  of  affairs  is  greatly 
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to  be  regretted,  because  the  yaliie  of  onr  association  work  depends,  to  a  very  large 
degree,  upon  the  number  included  in  the  averages. 

For  the  work  on  sugars  for  the  year  the  chemists  of  the  association  were  asked  to 
cooperate  in  analyzing  some  sugar-beet  products.  This  work  was  undertaken  on  the 
suggestion  of  several  chemists  interested  in  sugar  analysis.  In  view  of  the  probable 
increase  in  the  extent  of  the  beet-sugar  industry  in  the  Northern  and  Western  States 
it  was  thought  desirable  that  the  association  should  adopt  at  an  early  date  ana- 
lytical methods  applicable  to  such  products. 

To  be  sure,  many  of  our  official  methods  that  apply,  to  cane-sugar  products  apply 
equally  well  to  sugar-beet  products.  Moreover,  the  same  difficulties  in  the  way  of 
obtaining  accurate  concordant  results  are  met  with  in  both  classes  of  material.  The 
difi'erence,  however,  in  chemical  composition  of  the  Juices  of  the  two  sugar-bearing 
plants,  cane  and  beet,  and  the  difterence  in  the  processes  use<l  in  the  manufacture  of 
sugar  from  them,  result  in  factory  products  and  by-prodncts  that  difi'er  widely  in 
composition  and  characteristics,  both  chemical  and  physical.  For  example,  the 
molasses  from  cane-sugar  factories  contains  sucrose  (about  35  per  cent),  reducing 
sugars  (about  10  per  cent),  but  no  raffinose,  while,  on  the  other  hand,  the  average 
sugar-beet  molasses  contains  about  50  per  cent  sucrose  and  6.4  per  cent  to  3  per  cent 
raffinose,  but  little  or  no  reducing  sugars.  This,  of  course,  necessitates  different 
analytical  methods. 

The  material  selected  for  the  experimental  work  was  a  sample  of  sugar-beet  molas- 
ses furnished  by  Supt.  W.  H.  Baird,  of  the  Norfolk  Beet  Sugar  Factory.  This  molas- 
ses, a  dark,  viscid  liquid,  is  rich  in  sucrose,  contains  a  large  percentage  of  ash  aud 
organic  matter  not  sugar,  as  well  as  raffinose  and  a  small  amount  of  reducing  sugar. 
It  was  considered,  therefore,  that  this  substance  would  represent  in  a  general  way 
the  beut-sugar  by-products,  and  that  also,  because  of  its  complex  composition,  it 
would  illustrate  the  difficulties  in  the  way  of  obtaining  accurate  results. 

The  suggestions  made  by  the  referee  for  the  analysis  of  the  molasses  were  as  follows : 

I. — Determination  of  water  and  total  tolids. 

(a)  Determine  per  rent  of  water  b^  the  Carr  and  Sanborn  method,  which  has  been 
adopted,  provisionally,  by  the  association. 

The  drying  may  be  conducted  in  a  water  oven  at  ordinary  pressure  or  in  vacuo. 

(6)  In  a  flat-bottom  dish  place  6  or  7  grams  of  pure  quartz  sand  and  a  short  stirring 
rod.  Dry  thoroughly,  cool  in  a  desiccator,  and  weigh.  Then  add  3  or  4  grams  of  the 
molasses,  mix  with  the  sand,  and  dry  at  the  temperature  of  boiling  water  for  eight 
to  ten  hours.  Stir  at  intervals  of  an  hour,  then  cool  in  a  desiccator  and  weigh.  Stir, 
heat  again  In  the  water  oven  for  an  hour,  cool,  and  weigh.  Repeat  heating  and 
weighing  until  loss  of  water  in  an  hour  is  not  greater  than  3  rag. 

Tnls  sample  may  be  used  for  the  determination  of  ash  by  the  Alberti-Hemi>el 
method.     (See  Method  II  (d)  under  "Ash.'') 

The  sand  used  should  be  pure  quartz.  It  should  be  digested  with  strong  HCl, 
washed,  dried  and  iguited,  and  kept  in  a  stoppered  bottle. 

II. — Determinatiou  of  anh. 

(a)  Weigh  5  to  7  grauis  of  molasses  in  a  fiat-bottom  porcelain  or  platinum  dish. 
Saturate  with  concentrated  sulphuric  acid,  heat  cautiously  until  the  acid  is  driven 
otf  and  until  intumescence  ceases,  then  ignite  in  a  muffle  at  low  redness.  Subtract 
one-tenth  of  the  wei;;ht  of  the  sish  and  calculate  per  cent. 

(b)  Place  in  a  porcelain  dish  6  or  7  grams  fine  quartz  sand  and  a  short  stirring 
rod,  heat  to  redness,  cool  in  a  desiccator,  and  weigh.  Then  weigh  int<>  the  dish  8  or 
4  grams  of  the  mobisses,  mix  thoroughly  with  the  sand,  heat  carefully  at  first  to  expel 
volatile  matter.    Place  in  a  muffle  and'iguite  at  a  low  red  heat. 

(c)  In  a  platinum  ash  dish  heat  5  to  7  grams  of  the  sample  over  a  flame  until  intu- 
mescence ceases,  then  ignite  in  a  muffle  at  low  redness  until  the  ash  obtained  is  white, 
or  nearly  so. 

(d)  (Modification  of  the  above  method).  Weigh  a  ssunple  of  the  molasses,  add  a 
little  pure  olive  oil  (.enough  to  form  a  thin  layer),  heat,  and  ignite  as  above.  The 
oil  serves  to  prevent  excessive  frothing;  it  must  be  free  from  non- volatile  matter. 

(f )  If  time  permit,  please  determine  ash  also  by  methods  (2)  and  (6),  page  49,  Bulle- 
tin 46,  Division  of  Chemistry. 

In  each  case  after  weighing  the  ash,  heat  again  in  the  mnffle  for  fifteen  minatea 
and  weigh.    Kepeat  if  the  weight  be  not  constant. 
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in. — Determination  tf  reducifig  sugars. 

(a)  For  the  dotermination  of  reducing  sugars  follow  the  "gravimetric  method'' 
of  the  Association  of  Official  Agricultural  Chemists.  (1  (a),  page  51,  Bulletin  46, 
Division  of  Cheuiistr.v.)  Filter  and  wash  the  precipitated  cuprous  oxid  in  a  Gooch 
crucible  as  directed  under  (b),  page  56,  Bulletin  46.  Then  determine  the  copper  in 
nitric  aoid  solution  by  the  electrolytic  method.    (See  (d),  page  56.) 

(fc)  In  another  sample  determine  the  reduced  copper  by  the  ''permanganate" 
method.     (See  (c),  page  56.) 

iu  each  case  state  the  weight  of  molasses  employed,  the  weight  of  copper  obtained, 
and  the  per  cent  of  invert  sugar. 

IV. — Determination  of  sucroue  and  raffinose. 

Dissolve  26.048  grams  of  the  molasses  in  water,  transfer  to  a  100  cc  flask,  add 
enough  lead  subacetate  to  clarify ;  throw  down  the  excess  of  lead  with  sodium  sul- 
phate solution;  render  slightly  acid  with  a  few  drops  of  dilute  acetic  acid.  Then 
dilute  to  100  cc,  filter,  and  polarize  in  a  200  mm  tube.  Reading  represents  (P)  iu  the 
formula. 

By  means  of  a  pipette,  transfer  50  cc  of  the  filtrate  to  a  100  cc  flask,  add  20  cc  dis- 
tilled water,  and  5  cc  concentrated  hydrochloric  acid.  (Should  contain  38.8  per  cent 
of  HCl.)  Mix  by  a  circular  movement  of  the  flask.  Place  a  thermometer  in  the  flask, 
bulb  of  thermometer  near  the  center  of  the  bulb  of  the  flask.  Put  the  flask  in  a  water 
bath  and  regulate  the  temperature  so  that  the  solution  will  reach  67^  to  69^  C.  iu 
five  minutes.  Maintain  this  temperature  for  exactly  five  minutes  lonscer,  keeping 
the  heat  as  near  69^  as  possible.  Kemove  the  flask,  cool  contents  quickly  to  17.5^, 
and-make  up  to  100  cc  with  water.  Filter  if  necessary.  Avoid  the  use  of  bone  black 
if  possible.  Polarize  the  solution  in  a  200  mm  "  inversion  "  tube.  Use  an  accurate 
thermometer.  Make  the  invert  reading  at  exactly  20^  C.  Invert  reading  multiplied 
by  2  equals  (I)  in  the  formula. 

Calculate  results  according  to  Wortman's  formnlsB : 

^      0.9598  P  — 1.85  1—0.277  N 
°—  1.5648 

_      P—S-f  0.3103  N 
•  ^=  1785 

In  which — 

P  is  polarization  of  normal  «olutiou  before  inversion. 
- 1  is  invert  reading  multiplied  by  2. 
N  is  per  cent  reducing  sugars. 
S  is  per  cent  sucrose. 
R  is  per  cent  raffinose. 

The  chemists  of  four  experiment  stations  reported  results.  I  am  indebted  to  Prof. 
Elton  Fulmer  and  to  his  assistant,  Mr.  W.  H.  Heileman,  for  a  very  complete  report; 
to  Messrs.  Blouin,  Winter^  Kedzie,  Miller,  Munson,  Chicquelin,  Heuok,  and  Egge 
for  their  cooperation  iu  this  work,  and  to  Prof.  H.  H.  Nicholson  and  Dr.  Wiley  for 
valuable  suggestions. 

The  results  of  the  experimental  work  carried  on  this  year,  together  with  such 
deductions  as  the  referee  has  been  able  to  make,  follow : 

DETERMINATION  OF  WATER  AND  TOTAL  SOLIDS. 

The  question  of  the  best  method  of  determining  percentage  of  water  in  molasses 
and  sugars  is  still  a  mooted  one.  It  is  certainly  the  most  vexatious  problem  with 
which  the  sugar  chemist  has  to  deal.  This  association  has  considered  the  matter  for 
a  number  of  years,  but  as  yet  haa  come  to  no  decisive  conclusions. 

Only  two  methods  of  desiccation  wore  studied  this  year.  One  of  these  methods, 
the  ^'Carrand  Sanborn,"  has  been  adopted  provisionally,  but  neither  of  them  has 
received  much  attention  from  the  association's  chemists.  The  method  of  drying 
with  quartz  sand  is  one  that  is  commonly  employed  in  sugar-house  laboratories,  and 
has  been  found  to  yield  good  results  so  far  as  comparative  work  is  concerned.  The 
molasses  experimented  with  this  year  contained  such  a  high  percentage  of  mineral 
matter  and  organic  non-sugars  that  it  was  considered  useless  to  try  the  method  of 
dilution  and  **8pmdliug.'' 
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The  following  results  were  reported : 

Percentage  of  water  by  the  Carr  and  Sanborn  method, 

I  Weight  of  I 

Anal^'st.  I  dry  matter  ,    Water.    Average. 

obtained.  > 


R.  E.  Blouln,  Lft.  Sugar  Exp.  Sta 

Geo.  Cbicquelin,  La.  Sugar  Exp.  Sta  . 


W.  H.  Heilemau,  Wash.  Exp.  Sta. . 


R.  S.  Hiltner,  Nebr.  Exp.  Sta. . 


Gram». 
1. 0008 
1. 1534 
0.9990 
1.0300 
1.8313 
1.7672 
1.9438 
2.1800 
2. 2139 
2.3841 
2.2712 
2.5299 
2.0535 
1. 3274 
1.3818 
1.1811 
1.G665 


H.  K.  Miller.  N.  C.  Exp.  Sta. . . 
L.  S.  Munsion,  Mioh.  Exp.  Sta  . 


1.508G 
2.2227 


I 


Per  cent. 
23.88 
23.45 
23.57 
23.34 
24.12 
24.05 
24.04 
24.01 
24.15 
24.17 
24.25 
24.29 
24.19 
24.28 
24. 5J 
24.31 
24.23 
24.80 
24.90 
24.02 
23.40 


Per  cent. 


23.01 


23.4$ 


24.15 


24.  S^ 


23.71 


Percentage  of  water, 
[Desiccation  with  quartz  sand.] 


Analyst. 


Weight  of 
dr^'  matter , 
'   obtaine<l. 


Water.     Average. 


R.  E.  Blouiii,  La.  Sugar  Exp.  Sta 

Geo.  Chlcqnelin,  La.  Sugar  Exp.  Sta  . 
0.  H.  Egge,  Nebr.  Exp.  Sta 


W.  H.  Hoilemaii,  Wash.  Exp.  Sta. 


R.  S.  Hiltner,  Kebr.  Exp.  Sta. 


Graint. 
2.2950 
2.2903 
2.3840 
2.8700 
1.9004 
2.07fl6 
1.5229 
0. 7916 
2.3570 
2.3258 
8.1303 
3. 1325 
3.0947 
3.3901 
3.9714 
3.8068 


H.  K.  Miller,  X.  C.  Exp.  Sta . . . 
L.  S.  MuDHon,  Mich.  Exp.  ?ta. 


2. 9793 
2.9034 


Per  cent. 
23.11 
23.13 
23.38 
23.27 
24.40 
24.21 
24.23 
24.37 
24.18 
24.14 
24.15 
24.02 
24.13 
23.90 
24.03 
23.93 
23.97 
24.18 
23.01 
23. 18 


Per  e*nt. 
}        23.12 


23.32 


24.30 


24.23 


24.03 


24.07 


23.10 


Taken  as  a  whole,  these  resalts  are  certainly  encouraging,  bat  unfortanately  the 
number  of  determinations  made  is  so  small  that  no  definite  conclusions  can  be  drawn. 
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By  reference  to  the  above  tables,  it  may  be  seen  that  14  of  the  21  of  the  percent- 
ages, as  given  by  the  Carr  and  Sanborn  method,  are  incladed  between  24.53  per  cent 
and  24'.02  per  cent,  a  difference  of  0.51  per  cent,  or  an  average  of  24.16  per  cent.  By 
the  quartz-sand  method,  14  of  22  resnlts  given  lie  between  24.40  per  cent  and  23.90 
per  cent,  a  difference  of  0.50  per  cent,  or  an  average  of  24.15  per  cent.  It  may  be 
safely  concluded  from  this  that  if  we  desire  simply  a  comparative  method  either  one 
of  these  schemes  may  be  nsed. 

The  time  required  for  desiccation  seems  to  bear  no  direct  relation  to  the  amount 
of  material  taken.  It  seems  to  depend  rather  upon  the  kind  of  apparatus  used 
(ovens  and  capsules),  to  the  proportion  of  pumice  or  sand  used,  and  to  details  of 
manipulation.    This  is  indicated  in  the  following  table : 

Time  required  for  desiccation. 


Analyst. 


W.  H.  fleileman,  Wash.  Exp.  Sta. 

L.  S.  Mnnson,  Mioh.  Exp.  Sta 

R.  S.  flUtner,  Nebr.  Exp.  Sta 


Method. 


'  u^<>{»ii*  «rl  iiours  re-' 


sample. 


Qramt. 


Carr  and  Sanborn. 

do 

do 


W^H.  Heileman,  Wash.  Exp.  Sta \  Quartz  sand  . 


L. S.  Mnnson, Mich.  Exp.  Sta.. 
R.  S.  Hiltner,  Nebr.  E3tp.  Sta. . 


•do, 
.do. 


I 


2.5420 

10 

1:3.9 

3.1806 

12' 

1:3.8 

1.9856 

23 

3:11.5 

2.0004 

30. 

1:10.0 

1.5496 

.  10 

1:6.4 

2.1992 

14  ' 

1:6.3 

2.0100 

11 

1:5.8 

1.0467 

11 

1:10.5 

3.0873 

17 

1:5.5 

3.8247 

36 

1:0.4 

5.1160 

24 

1:4.4 

4.1460 

25 

1:6.0 

ASH  DETERMINATIONS. 

All  of  the  official  methods  for  ash  determinations,  excepttbe  method  for  soluble 
ash,  were  studied  this  year.    The  results  are  as  follows : 

Method  A. — Ignition  with  sulphuric  acid. 


Analyst. 


R.  E.  Blonin,  La.  Sugar  Exp.  Sta , 

Geo.  Chloquelin,  La.  Sugar  Exp.  Sta., 


W.  H.  Heileman,  Wash.  Exp.  Sta. 


S.  S.  Hiltner,  Nebr.  Exp.  Sta. , 


C.  H.  Heuck,  Kebr.  Exp.  Sta. . 


H.  E.  MUler,  N.  C.  Exp.  Sta. . . 
L.  S.  flnnson,  Mich.  Exp.  Sta. 


General  averages . 


Weight  of 
sample. 


Gram*. 
5.2605 
3. 8385 
3. 7865 
3.3000 


5.2371 
5.2973 
6.5056 
5.2898 
3.4691 
4. 5140 
3.2083 
4.4246 


Ash  (sul-      AvGr«a« 
phate).       -average. 


Per  cent.    |  Per  cent, 
8.58 


.58  \ 
1.54  j^ 
8.54  L 


8.53 
8.30 
7.83 
7.94 
8.02 
8.10 
-  8.23 
8.62 
8.44 
8.65 
8.66 
8.64 
8.45 
8.66 


8.74  ', 
8.74  7 
5.45  I 


.1 


>  Not  included  in  the  averages. 
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Method  B. — Alherti-Hempel. 


Aoalyst. 


Weight 
of  sample. 


Ash.       Average. 


R.  E.  Blonin,  La.  Sugar  Exp.  Sta 

Geo.  Chicquelin,  La.  Sugar  Exp.  Sta  . 


Orams, 
3.3795 
3.4431 
:).1950 
2.9382 


W.  H.  Helleman,  Wasb.  Exp.  Sta. 


C.  H.  Houck,  Nebr.  Exp.  Sta.. 


R.  S.  Hiltner.  Nebr.  Exp.  SU.. 


H.  K.  Miller.  N.  C.  Exp.  Sta. . . . 
L.  S.  Munson,  MAch.  Exp.  Sta. . 


4.8057 
4.8949 
4.1272 
4.1227 
4.0791 
4.4552 
5,2275 
5.0046 


Per  cent. 
5.32 
5.16 
5.27 
5.16 
5.15 
4.76 
5.09 
5.09 
5.43 
5.37 
5.35 
5.25 
4.96 
5.37 
5.19 
4.94 
5.20 
5.14 
5.28 
5.30 
5.60 
5.20 
5.50 
5.72 
5.15 


Per  cent. 
I  5.24 

\         5.21 


)         5.18 


}         5.16 


5.17 


»5.52 


5.15 


'  Omitted  from  average. 
Methods  C  and  D.— Direct  ignition. 


Analyst. 


j  Asb.    (In- 
I  cineration 


Geo.  Chicquelin,  La.  Sugar  Exp.  Sta . 


W.  H.  Helleman,  Wash.  Exp.  Sta. 


R.  S.  fliltner,  Nebr.  Exp.  Sta. 


H.  K.  Miller,  N.  C.  Exp.  Sta  . . . 
L.  S.  Munson,  Mich.  Exp.  Sta  . 


Asb.    (In-  ' 
Average.'  cineration   Average. 
;  with  oil). 


Per  cent.     Per  cent.     Per  eerU. 


7.05  II  \[ \ 

05  |}       '■'^\{ }• 


7.05 
7.15 


6.89 


6.72  !| 
7.05  I 
7.01    I 


7.10 


6.92 


6.54  6.54 
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Mkthod  E. — Ignition  with  zinc  oxid. 


Analyst.  Ash.       Averalge. 


W.  H.  Heileman,  Wash.  Exp.  Sta |  '_   \ 

I  7.27   ^ 


Per  cent.    Per  cent. 

7.49  '. 

7.38 


6.68 


K.  S.  HUtner,  Nebr.  Exp.Sta !{  *       j         6.69 

General  average I I  7. 03 


Method  F. — Ignition  irith  benzoic  acid. 


Analyst.  I      Ash.      'Average. 

Pelr  cent.     Per  cent. 

{'  6.90  X 

^'^  [  6  85 

>0.65  I 

6.78  ) 

{6.80  j 

"*  ^^  i  6  97 

'6.31  j 

'6.54  |) 

General  average |  6. 91 

I i_ 

'  Ash  fused ;  not  included  in  average. 
Summary  of  re$ult8. 

Method.  Averaueper 

U.1.VI.1IVU.  I  cent  of  ash. 


Ignition  with  sulphuric  aoid j  7.64 

Ignition  with  q  uartz  sand j  5. 18 

Direct  ignition \  6.90 

Direct  ignition  (oil  added) j  7.01 

Ignition  with  zinc  oxid |  7. 03 

Ignition  with  benzoic  acid 6.91 


By  the  same  methods  the  results  of  these  determinations  of  ash  in  beet  molasses 
compare  in  a  general  way  with  the  results  of  analyses  of  cane  products  which  were 
carried  on  a  few  years  ago  by  the  association's  chemists.  (See  Bulletin  38,  p.  150.) 
Thitj  would  indicate  that  for  ash  no  special  method  nor  modifications  of  present 
methods  are  necessary  for  beet  products. 

The  percentage  of  '^sulphated''  ash  is,  as  usual,  too  high  as  compared  with 
that  obtained  by  other  methods,  signifying  that  the  one-tenth  correction  proposed 
by  Scheibler  is  too  small.  In  spite  of  this  fact  I  take  it  that  the  association  would 
still  be  unwilling  to  drop  this  process  from  tbe  list  of  official  methods  or  to  con- 
sider a  change  of  factor.  This  method  may  always  be  relied  upon  to  yield  concord- 
ant results.  Incineratipn  in  the  presence  of  sulphuric  acid  is  readily  effected  and 
the  resulting  ash  is  but  little  changed  by  high  temperatures.  Moreover,  •  *  sulphated  " 
ash  is  usually  employed  in  calculating  rendemeut,  another  argument  in  favor  of 
retaining  the  method. 
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The  most  uniform  results  were  obtained  by  ignition  with  sand.  As  may  be  seen 
from  the  above  table,  this  method  yields  a  much  Ibwer  percentage  of  ash  than  any 
other  of  the  methods  tried.  The  reason  for  this  is  understood  to  be  that  the  organic 
acids  are  replaced  by  silicic  acids,  leaving  little  or  no  carbonates;  the  salts  of  the 
inorganic  acids,  with  the  exception  of  nitrates,  remain  unchanged. 

The  results  obtained  by  the  direct  ignition  of  the  molasses  and  by  ignition  with 
benzoic  acid  Agreed  more  cloHely  than  was  anticipated.  The  difficulty  usually 
experienced  is  in  controlling  the  temperature  of  the  muffle  to  prevent  loss  of  salts 
by  volatilization.  By  a  few  experiments  the  referee  has  attempted  to  show  the 
efl'ect  of  high  temperatures  upon  the  ash  of  the  molasses  in  question. 


Temperature. 


Very  low  rod  heat  till  completely  ashetl. 
Bright  red  heat  for  fifteen  minutes 


'sulphate|t^jij;;jj;.    Direct      Ignition  !  iS°**>" 
,  n^efhod.     SlZ:,!  ;  ignition.    w1?h  oil.  I  ^^^: 


Per  cent. 
7.76 
7.75 


Per  cent. 
5.20 
5.06 


Per  cent.   Per  cent. 
6. 03  6. 72 

6.73  I  6.38 


.  zoic  acid. 

Per  cent. 
6.  SO 
6.36 


The  addition  of  a  small  amount  of  olive  oil  to  the  sample  before  incineration  is  a 
convenience,  simply  preventing  excessive  foaming.  As  to  the  value  of  the  methods 
of  ashing  with  benzoic  acid  and  with  zinc  oxid  no  conclusions  can  be  drawn  from 
the  present  series  of  experiments. 

REDUCING   SrOARS. 

In  commercial  and  factory  control  the  amount  of  reducing  sugars  in  beet  products 
is  regarded  as  nil  and  is  almost  never  determined.  The  results  obtained,  however, 
show  the  presence  of  these  sugars  in  small  quantities  and  also  show  the  value  of 
the  p'livimetric  methods,  so  called,  for  the  exact  determination  of  them.  In  fact 
the  volumetric  ntethods,  such  as  Soxhlet*8  modified  method,  may  not  be  used,  owing 
to  the  large  proportion  of  sucrose. 

The  process  of  estimating  the  amount  of  reduced  copper  by  titrating  with  per- 
manganate solution  is  simple  and  rapid  and  yields  results  that  agree  closely  with 
those  by  the  electrolytic  method. 

The  results  obtained  by  almost  all  of  the  analysts  by  both  methods  agree  veiy 
closely.     These  results  are  presented  in  the  following  table: 

Mkthoi>  a. — lieduced  copper  determined  by  electrolysis. 


Analyst. 


R.  E.  nionin,  La.  Sugar  Exp.  Sta  . 


TT.  H.  Heileman,  Wash.  Exp.  Sta . 


C.  H.  Heuck,  Nebr.  Exp.  St4i.., 
R,  S.  Hiltner,  Nebr.  Exp.  Sta  . 
H.  K.  Miller,  N.  C.  Exp.  Sta. . . 

L.  S.  MuuHon,  Mich.  Exp.  Sta. 


Weight  of  '  w^i^L*  «f  -^t^Si'l^S 
sample     ,  height  of  sugars  caI- 


uscS"'     !     «>P>r' 


QraiM. 
10 
10 
10 
10 
10 
10 
10 
6.500 


f      15.7544 
'  \      17. 1460 


,  calated  as 
dextrose. 


Average. 


Oram. 

Percent. 

Per  cent. 

0.0380 

'0.1W 

0.199 

.0405 

.211 

.0330  . 

.175 

.0375  1 

.196 

i       .196 

.0345  1 

.183 

.0425  ' 

.221 

.0536  1 

.277 

,277 

.0371  ' 

.206 

.293 

.120 
.202 
.196 

.120 

i 

.002 

.0654 

}     •"• 
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Method  B. — Reduced  copper  determined  hy  titration  xoith  permanganate  eolniion. 


Analyst. 


Weight  of 
sample 
used. 


W.  H.  Heileman,  Wash.  Exp.  Sta. 


R.  S.  Hiltner,  Xebr.  Exp.  Sta  . 


Copper     I  Seducing 
equivalent.,      sugar. 


Average. 


I 


Gram. 
0.0383 
.0379 
.0375 
.0363 
.0390 
.0990 


Per  eejit. 
0.200 
.]99 
.196 
.190 
.300 
.311 


Per  cent. 


0.196 


.305 


I 


DETERMINATIONS   OP  SUCROSE   AND   RAFFINOSE. 

There  certainly  can  be  no  doubt  as  to  tbe  presence  of  raffiuose  in  some  of  the  by- 
products of  American  beet-sugar  houses.  (See  Jonni.  of  Am.  Cbem.  Soc,  1897.) 
Moreover,  there  can  be  no  doubt  as  to  the  presence  of  small  auiouuts  of  reducing 
sugars  in  low-grade  factory  products,  even  when  obtained  under  normal  conditions. 

It  is  common  practice  in  cane-sugar  houses  to  determine  sucrose  by  double  polar- 
ization, using  for  calculatious  Clerget's  formula.  This  gives  correct  values  when 
sucrose  and  invert  sugar  are  alone  present.  When,  however,  sucrose  is  associated 
with  raffinose  and  when,  as  is  commonly  the  case  with  beet  products,  invert  sugar  is 
■absent,  the  following  formula;  proposed  by  Creydt  are  employed : 


Sc 


0.5188  P  — I 
0.845 


R  = 


P  — S 
1.85 


Beet-sngar  chemists,  both  in  tbis  country  and  iu  Europe,  usually  employ  Clerget*s 
formula  when  rafiinose  is  absent,  and  the  Creydt  formula  when  this  sugar  is  present. 
In  each  case  the  presence  and  influence  of  any  reducing  sugar  is  ignored. 

The  referee's  purpose  in  asking  for  the  estimation  of  sucrose  and  rafhuose  i:i  tbe 
samples  distributed- was  to  determine  the  practicability  of  existing  methods  when 
■applied  to  snch  material,  aod  also  to  iind  out  if  possible  the  eflect  of  a  small  amount 
of  reducing  sugars  upon  the  double  polarization.  The  extent  of  error,  if  any,  that 
results  from  disregarding  the  influence  of  tUe  reducing  sugars  should  appear  by  cal- 
umniating the  percentages  of  sucrose  and  raffiuose  by  Wortman's  and  by  Creydt's 
formube.     The  results  as  reported  follow : 


Analyst. 


R.£.Bloniii 

•Geo.  Chicqnelin . 
W.H.  Heileman. 

<I.H.Heuck 

ILS.  Hiltner 

H.K.  Miller 

L.  S.  Mnnnon 


Normal     Normal  't>^^„„j„„ 
polariza-tpolariEa-   ^"^^^^ 


tion  be- 
fore in- 
version. 


57.35 
57.1 
56  58 
67.0 
56.9 


tion 
after  in 
version. 


sugar 
(dex- 
trose). 


14.6 
14  4 
16.1 
13.6 
14.0 


56. 0    '  12  4 


I 


Per  cent. 
0.199 
.215 
.196 
.277 
.300 
.120 
.199 


Sucrose 

Rafiinose 

(Wort- 

(Wort- 

man). 

man). 

Sucrose 

(Creydt). 


Rnfflnose 
(Creydt). 


52.40 
52.02 
53.70 
51.04 
51.30 
49.50 
48.07 


2.70 

2.78  I 

1.59 

2  94 

3.07 

4.40 

3.84 


Per  cent. 

Per  cent. 

52.48 

2.63 

52.09 

2.70 

53.79 

1.50 

51-.  09 

3.19 

51.50 

2.91 

49.05  ! 


The  exact  significance  of  such  a  Tariety  of  results  is  not  clear.  On  the  whole,  the 
direct  polariscopic  readings  as  reported  agree  fairly  well,  but  the  differences  in 
polarization  after  inversion  are  largo  and  at  the  same  time  difficult  to  explain. 
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The  molasses  in  question  was  an  extremely  difficult  substance  to  clarify,  making 
optical  determinations  of  the  sugars  not  at  all  easy.  This  fact  would  doubtless 
justify  a  certain  slight  variation  iu  polarimetrio  tests,  but  such  a  wide  variety  of 
polar iscopio  readiugs  as  given  above  can  not  be  explained  nor  Justified  in  this  way. 
Thu  referee's  observations  in  experimenting  with  this  molasses  were  that  a  wide 
range  of  results  could  be  obtained  by  changing  slightly  the  time  and  temperature 
conditions  of  the  method  of  inversion,  but  by  following  out  one  particular  scheme  in 
detail  concordant  results  would  in  each  case  follow.  Other  analysts  have  probably 
experienced  the  same  thing,  a  fact  which  points  to  the  necessity  of  further  investi- 
gation of  this  subject. 

Besides  studying  details  of  a  method  for  double  polarization,  it  would  be  well  for 
the  association  to  consider  what  formulie  for  calculation  shall  be  used  for  various 
sugar -house  products.  One  thing  is  certain,  we  may  not  properly  apply  the  same 
formuhe  to  both  cane  and  beet  i)roduct8.  The  presence  of  rafflnose  in  the  latter 
often  precludes  the  use  of  Clerget's  formula.  It  would  be  rash  to  decide  upon  these 
points  from  the  limited  data  herein  reported.  We  must  as  an  association  either 
investigate  the  question  for  ourselves  or  else  decide  from  the  experiments  of 
individual  investigators.  From  the  results  given  in  the  last  table,  it  would  seem 
unnecessary  to  employ  Wortman's  formula  for  calculating  sucrose  and  raffiiiose,  the 
percentage  of  reducing  sugars  being  too  small  to  be  of  any  serious  consequence. 

The  referee  would  ask  that  the  following  recommendations  be  considered: 

(1)  That  the  Carr  &,  Sanborn  method  for  determination  of  water  in  molasses,  etc., 
be  adopted  as  an  official  method. 

(2)  That  the  method  of  desiccation  with  quartz  sand  be  made  an  optional  or  a 
provisional  method,  and  that  the  association  experiment  further  with  it. 

(3)  That  to  the  method  fur  determining  per  cent  of  water  from  the  density  a  note 
be  added  to  the  effect  that  this  method  does  not  apply  to  low  grade  sugar  products. 

(4)  M.  Lucien,  in  describing  his  method  for  ash  by  incineration  with  zino  oxid, 
proposes  to  use  0.050  gram  zino  oxid  with  5  grams  sugar  or  with  3  grams  molasses. 
(Bui.  de  TAssoc.  des  Chem.,  vol.  6,  p.  356.)  On  the  other  hand,  our  official  method 
calls  for  the  same  amount  of  zinc  oxid,  0.050  grams,  with  50  grams  sugar  or  25  grams 
molasses.  I  do  not  understand  the  reason  for  this  discrepancy.  *  My  own  experience 
has  been  that  the  proportion  of  zinc  oxid,  as  suggested  in  our  official  method,  is  entirely 
too  small.  It  is  probable  that  the  difference  is  due  to  a  typographical  error  in  our 
method,  and  if  so,  it  should,  of  course,  be  corrected,  if  we  divide  by  10  the  weigbt 
of  sample  to  be  employed^  >ve  will  approximate  theproprotions  of  sugar  to  zinc  oxid 
proposed  by  Lucien. 

(5)  That  methods  (b)  and  (c)  for  determination  of  copper  in  the  cuprous  oxid 
obtained  in  determining  reducing  sugars  be  dropped  from  the  list  of  official  \Qetb- 
ods.  This  will  leave  us  one  electrolytic  metho<l,  the  Fomianek,  which  is  conceded 
to  be  the  simplest  and  most  rapid  of  the  three. 

(6)  That  in  the  text  of  method  (e)  for  determination  of  reduced  copper,  directious 
be  inserted  fur  preparing  the  permanganate  solution  used.  The  numbei^  of  grams  of 
potassium  permanganate  recjuired  per  liter  should  be  stated.  (Sol.=:4.97G  3  grams 
per  liter,) 

(7)  That  Creydt's  method  (Zeit  RUbenzack,  Ind.  38, 867)  for  determination  of  sucrose 
and  raffinose  be  adopted  provisionally  and  added  to  the  list  of  **  methods  by  inver- 
sion.'' 

Ill  the  discussion  of  this  paper  Mr.  Bigelow  called  atteDtion  to  the 
fact  that  in  the  volumetric  method  depending  upon  the  use  of  a  per- 
manganate solution  and  ferrous  salt,  the  permanganate  should  be  care- 
fully compared  with  the  ferrous  sulphate. 


Digitized  by 


Google 


97 

After  further  discussion  Ox  tue  paper,  tbe  president  recognized  Mr. 
Jaffa,  for  the  purpose  of  extending  his  invitation  to  the  association  to 
hold  its  next  meeting  in  San  Francisco.  Mr.  Jaffa  assured  the  asso- 
ciation of  the  hospitable  welcome  which  it  would  receive  upon  tbe 
Pacific  coast,  and  spoke  of  the  advantages  of  meeting  now  and  then  in 
other  localities  than  Washington.  The  members  would  find  upon  the 
Pacific  coast  conditions  prevailing  which  are  entirely  diffeient  froni 
those  upon  the  Atlantic  side  of  our  country,  and  they  would  not  only 
have  great  pleasure  but  also  profit  from  personal  insi)ection  of  the 
methods  of  work  in  vogue  beyond  the  Kocky  Mountains.  Among  other 
things,  he  said  the  members  would  be  delighted  to  meet  Professor  Hil- 
gard,  the  state  of  whose  health  prevented  him  from  attending  the  meet- 
ings at  such  a  distance. 

Responding  to  questions  in  regard  to  the  rates,  Mr.  Jaffa  said  that 
while  he  could  not  say  what  they  would  be  he  could  say  they  would  be 
about  the  smallest  that  had  ever  been  inaugurated.  A  great  many 
associations  had  already  decided  to  meet  on  the  Pacific  coast  during 
the  summer  and  autumn  of  1S99,  and  the  rates  which  could  be  had  for 
the  large  associations  would  apply  also  to  the  small  ones. 

The  association  was  much  impressed  with  Mr.  Jaffa's  presentation  of 
the  advantages  which  would  come  to  it  by  holding  a  session  on  the 
Pacific,  and  it  was  voted  that  the  matter  be  left  to  the  executive  com- 
mittee, with  power  to  act. 

DELEGATES  TO  NATIONAL  PX7RE  FOOD  AND  DRUG  CONGRESS. 

At  the  conclusion  of  Mr.  Jaffa's  address  the  secretary  called  atten- 
tion to  a  communication  from  Mr.  A.  J.  Wedderburn,  corresponding 
secretary  of  the  National  Pure  Food  and  Drug  Congress,  stating  that 
the  second  annual  session  of  this  congress  would  convene  in  Washing- 
ton on  the  18th  of  January,  and  the  association  was  requested  to  name 
five  delegates  and  five  alternates  to  represent  it  in  the  congress. 
Attention  was  also  called  to  the  fact  that  each  official  agricultural 
chemist  of  the  country,  by  virtue  of  his  office,  was  entitled  to  member- 
ship in  the  congress  and  was  heartily  invited  to  be  present. 

The  president  appointed  the  following  delegates:  H.  W.  Wiley,  A. 
L.  Winton,W.  D.  Bigelow,H.  J.  Wheeler,  L.  L.  Van  Slyke,  and  E.  A. 
de  Schweinitz.  Alternates:  W.  O.  Atwater,  A.  B.  Peebles,  H.  B. 
McDonnell,  II.  E.  Alvord,  H.J.  Patterson,  and  li.  A.  Emerson. 

On  the  suggestion  of  Mr.  Wheeler  it  was  voted  that  the  secretary  of 
the  association  be  requested  to  rewrite  the  methods  of  analysis  i)repar- 
atory  to  having  them  reprinted,  with  the  object  of  condensing  them  so 
far  as  would  be  possible  without  sacrificing  clearness.  It  was  also 
voted  that  he  be  allowed  to  select  as  many  assistants  in  the  conduct  of 
this  work  as  might  be  necessary  to  secure  its  prompt  completion. 
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It  was  suggested  by  Mr.  C.  B.  Coates  that  the  agricultural  colleges 
and  experiment  stations  should  psty  the  expenses  of  the  delegates  to 
attend  the  meetings  of  the  association.  This  opinion  was  heartily 
indorsed  by  other  members  of  the  association,  with  expressions  of  a 
belief  that  the  portion  of  the  money  used  for  exx>erimental  work  could 
not  be  better  applied  than  by  sending  the  workers  to  these  conventions, 
where  they  would  meet  those  engaged  in  similar  work,  compare  notes, 
make  acquaintances,  and,  in  general,  iit  themselves  all  the  better  for 
the  proper  conduct  of  their  work. 

At  3.15  it  was  voted  to  adjourn,  as  it  seemed  to  be  impossible,  even 
with  the  strict  attention  to  business  which  had  been  indulged  in,  to 
finish  the  business  of  the  association  before  Monday. 
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THIRD    DAY. 
MONDAT— MOBNING  SESSIOIT 

The  association  reconvened  at  half-past  nine. 

The  president  congratulated  the  members  on  having  present  the 
honorable  the  Secretary  of  Agriculture.  A  few  years  ago,  many  might 
remember,  when  the  experiment  stations  were  in  their  infancy,  the 
meetings  of  this  association  were  not  regarded  with  any  favor  and 
they  were  not  patronized  by  the  distinguished  gentlemen  at  the  head 
of  affairs.  This  state  of  things  has  largely  passed  away,  and  now  our 
association  is  honored  annually  by  the  presence  of  a  Cabinet  officer  for 
the  purpose  of  expressing  his  interest  in  our  work  and  giving  us  words 
of  encouragement.  The  presence  of  the  Secretary  of  Agriculture  is 
an  evidence  that  the  spirit  of  research  and  discovery  is  triumphant 
throughout  the  whole  area  where  scientific  agriculture  is  practiced  and 
promoted  by  the  United  States  Government.  A  part  of  the  power 
which  the  experiment  stations  have  acquired  is  shown  in  the  fact  that 
the  President  of  the  United  States  selected  the  director  of  an  agricul- 
tural experiment  station  for  the  responsible  position  of  Secretary  of 
Agriculture.  This  is  a  matter  of  which  we  should  all  be  proud,  and 
for  this  especial  reason,  as  well  as  for  many  others,  we  are  glad  to  have 
with  us  this  morning  the  Secretary  of  Agriculture. 

The  Secretary  then  addressed  the  Association. 

REMARKS  OF  SECRETART  TT^ILSON. 

The  Secretary  commenced  his  address  by  recalling  the  visit  of  Dr. 
Armstrong,  a  distinguished  English  chemist,  who  came  to  Washington 
expecting  to  spend  a  half  day  in  looking  over  the  scientific  divisions 
of  the  Department  of  Agriculture.  After  having  been  here  a  week  he 
expressed  the  belief  that  he  could  not  even  begin  to  comprehend  the 
great  scientific  work  which  the  Department  was  doing  if  he  should 
stay  a  month. 

The  Secretary,  continuing,  said : 

I  lately  asked  Dr.  Wiley  for  the  reason  why  we  imported  so  m«any  chemicals.  I 
noted  down  some  of  the  points  which  be  mentioned  and  will  refer  to  them  further  on. 

Very  little  progross  could  ho  made  in  any  vocation  of  life  without  the  help  of  the 
chemist,  fie  is  indispensable  to  the  farmer.  The  composition  of  soils  and  their 
supply  of  plant  food  are  the  first  lesson  the  producer  should  learn.  Where  fertiliza- 
tion is  necessary  and  tlie  market  must  be  sought,  the  chemist  is  the  only  protector 
the  purchaser  can  rely  on.  The  feeder  nowadays  finds  it  necessary  to  know  the 
composition  of  every  nutrient,  adapt  it  to  the  age  of  the  animal  and  the  purpose  he 
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has  in  view.  The  ration  that  "will  fatten  the  steer  win  put  the  cow  dry,  or  what  is 
suitable  for  the  yearling  is  wasted  on  the  mature  animal.  Plants  vary  in  protein, 
from  young  clover  to  old  timothy.  The  growing  colt  needs  the  composition  of  the 
former  in  his  ration,  the  idle  horse  does  well  on  the  latter.  Between  the  nutritive 
ratios  of  the  two  phints  is  latitude  sufficient  to  waste  the  profits  of  labor.  Farming 
is  not  profitable  until  we  learn  to  feed,  and  our  first  teacher  is  the  chemist. 

We  should  know  how  to  feed  ourselves  and  others.  People  tell  us  of  the  suffer- 
ings of  those  who  have  only  army  hard- tack  to  eat,  not  having  learned  that,  after 
milk,  it  comes  nearest  l)eing  complete  food.  .  Southern  workmen  had  corn  bread,  fat 
pork,  and  molasses  until  the  chemist  told  them  to  grow  beans,  keep  cows,  and  bal- 
ance their  rations. 

The  markets  abound  with  mill  feeds  that  vary  in  composition  as  much  as  oil  meal 
and  wheat  straw.  We  look  to  the  rei>ort  of  the  chemist  to  direct  us  in  buyiug. 
It  is  settled  Ihat  we  must  teach  chemistry  to  mothers  and  cooks,  so  that  they 
will  know  how  to  vary  the  rations  for  a  child,  a  youth,  a  laboring  man,  and  an 
octogenarian. 

The  chemist  has  analyzed  sugar  beets  for  us  grown  in  most  of  the  States,  and 
tells  us  where  conditions  are  suitable  for  the  investment  of  $200,000,000  of  capital, 
now  lying  idle  or  being  loaned  in  Europe,  to  build  factories  where  1,800,000  tons  of 
sugar  may  be  made  and  save  $100,000,000  to  the  United  States  and  give  good  wages 
to  hundreds  of  thousands  of  workmen. 

We  paid  $41,470,711  for  chemicals,  drugs,  and  dyes  the  last  fiscal  year;  five-eighths 
of  these  came  in  free;  three-eighths  paid  duty.  Somebody  blundered.  We  have 
educated  chemists,  capital  and  raw  material  in  great  abundance,  and  should  j»rovide 
these  things  for  ourselves,  as  we  make  steel  and  tin.  An  extensive  island  area  is 
being  added  to  our  domain,  where  the  scientist  has  made  little  research.  The  chem- 
ist should  go  with  the  botanist,  the  pathologist,  aud  the  roadmaker.  We  must 
learn  of  the  soils,  their  origin  and  composition,  before  we  can  tell  what  they  can  per- 
manently and  profitably  produce. 

The  Secretary's  address  was  greeted  with  hearty  applause. 
At  its  conclusion  the  president  called  for  the  report  of  the  referee 
ou  tannin.    The  referee,  Mr.  J,  H.  Yocuni,  read  the  following  report: 

REPOET  ON  TANNINS. 

J.  H.  YocuM,  Referee, 

The  comparative  work  on  tannins  during  the  past  year  is  of  considerable  interest, 
inasmuch  as  there  are  no  less  than  twenty  individuals  contributing,  and  in  addition 
to  the  results  obtained  on  the  samples  sent  out,  Messrs.  Carr,  Forbes,  Eachas,  and 
Alsop  present  some  interesting  data  relative  to  the  method,  which  are  embodied  in 
this  report. 

Two  lots  of  samples  were  sent  out,  the  firal  at  the  beginning  of  the  year  being  a 
commercial  chestnut- wood  extract  and  a  hemlock  licjuor,  and  with  these  were  sent 
two  makes  of  hide  j)ow<ler,  one  from  Vienna  and  the  other  from  Ridgway,  Pa, 

It  was  requested  that  the  official  method  be  followed,  and  that  if  other  than  the 
official  method  were  in  use  by  the  collaborator  results  by  it  be  also  sent  in.  Thj* 
hemlock  liquor  was  thoroughly  filtered  before  being  sent  out,  and  showed  no  precip- 
itate at  40-  F.  and  contained  no  reds  at  the  time  of  shipment. 

The  second  lot  of  samples  was  an  extract  made  by  the  referee  from  grape  sugar 
and  gallotannin  and  contained  no  precipitate  when  shipped,  but  upon  standing  some 
three  months  did  precipitate  some  insoluble  material.  The  reports,  however,  were 
all  in  before  this  was  noticed,  and  it  is  not  probable  that  there  was  any  insolnble 
material  in  this  extract  when  the  various  analyses  were  made.  Vienna  hide  powder 
was  sent  with  this  sample. 
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The  results  obtained  are  as  follows : 

Cheatniii-tcood  extract. 


yame. 


H..lo..MoUturr.     ToUl_       ^J-.-M*  j  ,^Kon.^_   T«.nioB.  Bed.. 


Allaire 

Alsop 

Carr 

Eaobus 

Eitiior  (Weiss) . 

Forbes  

Haley 

Hurty 

Krng 

Lowell 

McDowell 

Proctor  

Small 

Tiffany 


A 
JJ 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
C 


Westenfelder*  . 
Parktr'  


Touse*. 
Yocum  . 


Per  cent.  Per  cent.  -Per  cent.  Per  cent. 
14.05 
14.34 
13.75 
13.69 
15.53 
15. 72 
41.06  1        39.U;        14.21 


59.59  1 

40.41 

38.45 

59.17  1 

40.56 

37.99 

59.49 

40.53 

37.  G6 

I  A 

I  ^' 

1 1 

Mean |  A 

Maximum A 

Minimum A 

Mean !  B 

Maximum '  B 

Miuimun ,  B 

Maximum  difference  from  raiii*  ' 

i.unm I  A 

,  B 

Maximum  difference  from  mean .  A 

>  B 


50.  J7 
58.16 
58.22 
58.06 


i        5.^.89  I 

59.60 
I        5*8. 11  ■ 


41.84 


41.48 
41.04 


40.89 


58.11 

41.89 

39.38 

59.60  1 

41.05  1 

39.54 

58.15  1 

41.85  1 
1. 

39.50 

58.95  1 

40.87 
1. 

38.70 

58.97  1 

41.03  I 

38.10 

59.21  \ 

40.72  , 

38.22 

58.89 

41.11  ' 

38.97 

59.05  ; 

1 

41.44  ' 

38.  C6 
40.10 

1 

,.,.. 

40.16 

i 

1 

59.20  ' 

40.59 

38.20 

14.36 
14.45 

!        14.55 

40. 12  !  13. 92 
40.09  I  13.86 
38.62  13.88 

!        14.06 

'        14.80 


38  98 


1 

1 

,..; 

1 
1.48  1 

3.23 

.71  ' 

.82  ' 

1.91 

14.78 


14.05 
'        14.75 

14.03 
!  14.64 
I  15.55 
I  15.30 
I  14. 57 
'  14.22 
j        13.46 

13.69 
I  14. 33 
j  12. 20 
'  14. 30 
j        12. 25  ' 

14.50 
'  13. 01 
I        13. 92 


14.31 
15.55 
13.46 
14.52 
15.72 
13.69 

2.09 
2.03 
1.24 
1.20 


Per  cent. 
24.40 
24.11 
24.24 
24.30 
22.13 
21.94 
24.93 
24.78 
26.14 
26.34 
26.20 
26.23 
24.74 
24.56 
24.51 
24.58 
25.38 
24.76 
24.85 
24.75 
24.67 
24.06 
22.55 
22.80 
23.65 
24.00 
25.51 
25.28 
24.03 
27.90 
25.  to 
27.91 


\Prit. 
1.96 

I    2.57 

j     2.87 

I     1.92 


1.36 
1.30 
2.42 

2.51 

1.51 

2.35 

2.17 

2.93 

2.  GO 

2.14 

2.90 


24.59 
24.28 

24.67 
26.44 
22. 13 
24.46 
26.34 
21.94 

4.31 
4.40 
2.54 
2.52 


2.30 

2.00 

2.03 

.95 


1.98 
l.U 


'  Hide  powder  "A"  was  the  Vienna  product;  hide  powder  "  B"  was  the  Kidgway  product. 
>Kot  having  followed  official  method,  are  not  included  in  average. 
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Hemloclc  liquor. 


Name. 


TT{/i^  li     Total        Soluble        Non-     I  fra««iT»»     i?^* 
H>^«-''    8oU<U.        solids.      tannins.    Tannins.    Reda. 


A  llaire 

.' A 

Alsop ... 

V 

Carr 

B 
A 

ICiu'bus 

IJ 
A 

Eitn«r  (Weisa) 

B 
A 

Forbes. 

B 
A 

Ilalev 

B 
A 

Kniff 

B 
A 

Lowrll 

B 
A 

MoDowell 

B 
A 

Proctor 

B 
A 

Small 

B 
A 

Toonin 

A 

Parkor 

B 
A 

Mean 

1      B 
A 

Maximum 

A 

Minimum 

A 

Mean    

■      B 

Maximum  ............... 

', B 

Minimum 

B 

Per  cent. 
4.57 


Percent. 
4.44 


4.-2  j 

4.57 

4.63 

»4.63 

4.78  , 

4.68 

4.77 

4.03 

4.69 

4.67 

4.83  1 

4.63 

^■"i 

4.48 

4.84 

4.74 

4.74  ; 

4.63 

4.72, 

4.53 

4.64 

4.55 

4.71 

4.66 

4.80 

«4.80 

4.71 
4.84  . 
4.54  I 


4.60 
4.74 
4.44 


-.  I 


I 


Maximum  difference  from  mean  . 


A 
B 


.16 


Per  crnt. 
2.02 
2.10 
2.20 
2. 12 
2.32 
2.35  I 
2.13 
2.22 
2.16 
2.18  ' 
2.14  I 
2.18 
2.35  I 

2.17  I 
2.16 
2.13 
2.20  i 
2.24 

2.18  I 

2.23  ! 
2.25  j 

2.24  ' 

2.16  I 

2. 17  ' 
2.14 
2.13 
2.00  ' 

2.20 

I 

2.17 
2.35 
2.00 
2.19 
2.35 
2.10 
.18 
.16 


Per  cent. 
2-42 


Pertt. 
0.13 


2.36 

.15 

2.45    .. 

2,31    .. 

2.28    .. 

2.55 

.10 

2.44    .. 



2.47 

.14 

2.45    -. 

2.53 

.02 

2.49    .. 

2.28 

.20 

2.46    .. 

2.32 

.06 

2.35    .. 

2.54 

.10 

2.50    .. 

2.45 

.11 

2.40    .. 

2.28 

.19 

2.29    .. 

2.39 

.19 

2.38    .. 

2.52 

.05 

2.53    .. 

2.80    .. 

2.60   .. 

2.43 
2.55 
2.  28 
2.41 
2.53 
2.28 
.15 
.13 


.11 
.19 
.(•2 


*  Hide  powdtT  "A"  was  tht^  Vienna  product :  Iiido  powder  "B"  was  the  Ridgway  product. 
*Not  filtered  for  8oIui>le  solids  and  hence  not  included  in  aA-erages  of  soluble  solids  and  tannins. 

Theoretical  extract. 


Name. 


Moisture. 


Total 
eolids. 


I   Soluble 
'    solids. 


Xon- 
tannins. 


Tannins.    Rods. 


Red 

tannin. 


AlHop . 
Carr..., 
Each  us 
Forbes 
HaUy . 
Hurty. 
Kerr  . . 


j  Per  eait. 
01.20 
G1.97 
01.60 
60.57 

'  no.  69 
60.73 
60,01 


Per  cent. 
37.32 

>37.91  1 
37.42 

>  39. 43 
37.46 
38.33 
38.33 


Per  cent 
19.18 
18.66 
18.00 
19.04 
18.64 
18.89 
21.41 


Per  et. 
1.50 


Per  cent. 
38.82  i 
37.91 
38.43  i 
39.43 
39.23  I 
39.27  ' 
39.99  I 

>  Not  Altered  for  soluble  solids,  hence  not  included  in  averages  of  aolable  solids  or  tannins. 
Note.— Hide  powder  was  the  Vienna  product. 


Per  cent. 
18. 14  j 
19.25 
18. 52 
20.39 
18.82  I 
19.44  ' 
16.92  j 


1.01 

1.77  I 
.94 
1.66 


Per  cent 
19.64 
19.25 
19.53 
20.39 
20.59 
20.38 
18.58 
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Theoretical  extract — Continued. 


Name. 


Moisture. 


Per  cent. 

McDowell 

60.94 

Kichols 

61.35 

Small 

61.  £9 

Yocuni 

01.05 

Mean 

61.10 

Maximum... 

61.99 

Minimum 

60.01 

Maximum  difference  from 

minimum  . 

1.98 

Maximum  difference  from 

minimum . 



1.09 

Theoretical 

content 

of 

sample 

62.23 

Total    I  Soluble 
solids.    '    solids. 


Per  cent    Per  cent. 


I 


38.72  I 
38.65  i 
38. 09  I 
38.20  ; 

38.79 
39.99  I 
37.91  i 

2.08  ! 


37.50 
36.88 
36.93 
36.80 

37. 4i 

38.33 
36.80 

1.53  ; 


Non- 
tannins. 

Per  cent, 
19.12 
18.08  I 
17.50 
17.90  I 


Tannins.    Eeds. 


I 


18.00 
21.41  I 
17.50  I 

3.91  I 


Per  cent. 
18.38 
18.20  I 
19.45 
18.00  , 

18.54 
20. 39  I 
16.02  ! 


Peret. 
1.22 
1.77 
1.14 
1.40 

1.35 
1.77 
.94 


Ked 
tannin. 

Per  cent. 
19.60 
19.97 
20.53 
20.30 

19.89 
20.59 
18.58 


I 


3.47  I 


1.20  I 

.,,1 


.S9  '  2.51  I  1.85 

I 
37.77  '        37.77  I        17.58  20.19 


.42  1 


2.01 

1.31 

20.19 


Mr.  Pierre  Allaire  states  that  the  official  method  was  followed;  that  he  considers 
hide  powder  *'A"  a  little  better  than  ''B,"  and  that  he  did  not  obtain  a  perfectly 
clear  non-tannin  filtrate  from  the  extract,  Mr.  B.  Weiss  made  the  analysis  of  the 
sample  sent  to  Mr.  Eitner  of  the  Vienna  Research  College  for  the  Leather  Industries. 
He  states  that  he  pursued  the  official  method,  and  also  reports  his  results  from  the 
filter-tube  method.  He  obtained  13.90  per  cent  non-tannins  on  the  chestnut-wood 
extract  and  2.13  per  cent  non -tannins  on  the  hemlock  liqnor  by  following  the  filter- 
tube  method. 

Dr.  Hurty  obtained  41  per  cent  total  solids,  39.68  per  cent  soluble  solids,  15.50  per 
cent  non-tannins,  and  24  18  per  cent  tannins  by  a  method  he  published  sometime  ago 
in  the  Leather  Manufacturer. 

W.  C.  Tiffany:  "Our  method  varies  from  the  official  in  that  we  employ  10  instead 
of  15  grams  dry  hide  powder,  and  we  shake  three  times,  using  one-third  of  the  hide 
powder  each  time."  He  reports  from  this  method  41.11  per  cent  total  solids  and 
soluble  solids — non-tannins  from  "A**  hide  powder,  12.32;  *'B,''  12.90 — giving 
re.spectively,  28.79  per  cent  and  28.21  per  cent  tannins. 

Mr.  Kerr  states  that  the  sample  of  grape  sugar  and  gallotannin  was  clear  and 
light  brown  in  color  when  received,  but  before  beinuf  analyzed  was  covered  with  a 
luxuriant  growth  of  mold.     He  doubts  the  value  of  his  results  in  consequence. 

M.  S.  McDowell:  "The  extract  (grai)e  sugar  and  gallotannin)  when  dissolved 
made  a  clear  solution,  but  upon  filtering  through  S.  &  S.  paper  1.22  per  cent  were 
removed.  Am  of  the  opinion  that  in  all  cases  there  is  an  absorption,  greater  or 
less,  by  the  cellulose  of  the  filter  paper." 

Mr.  Lowell  reports  on  the  chestnut-wood  extract  15  per  cent  non-tannins  and  on 
the  hemlock  liquor  2.23  per  cent  non-tannins  by  following  the  official  method  and 
using  the  kind  of  hide  powder  employed  in  his  laboratory,  which  contained  0.0070 
gram  of  material  soluble  in  water,  as  per  directions  for  obtaining  same. 

Mr.  Kerr  states  that  by  using  his  laboratory  hide  powder,  which  contained  0.0080 
gram  soluble  material,  he  obtained  21.41  per  cent  non- tannins  from  the  grape-sugar 
extract. 

Dr.  J.  Gordon  Parker  reports  results  obtained  by  Herolds  Institute  method :  tan- 
nin8'28.90per  cent,  non-tannins  12.10  per  cent,  solids  40.10  per  cent  on  the  chestnut- 
wood  extract;  and  tannins  2.80  per  cent,  non-tannins  2  per  cent,  solids  4.80  per  cent 
on  the  hemlock  liquor.  He  states:  "You  will  notice  that  they  (the  analyses  he 
reports)  are  all  done  by  the  hide-filter  method.  *  *  *  None  of  the  hide  powders 
has  been  wa«hed,  as  you  instructed,  an  ordinary  analysis  being  made  according  to* 
the  method  laid  down  by  the  international  association  with  Proctor's  form  of  hide 
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filter,  5  grams  of  powder  being  used  in  each  case.    Mr.  Touse,  my  colleague,  employed 
the  same. process.^' 

Dr.  H.  R.  Proctor:  ''The  method  appears  to  be  a  good  one,  and  the  two  hide  pow- 
ders give  very  concordant  Tesults;  but  I  do  not  know  that  it  is  better  than  the 
'International,'  while  the  results  are  in  every  case  lower.  I  do  not  regard  this  as 
a  defect,  though  it  is  impossible  with  our  present  knowledge  to  say  that  either  give 
the  absolute  percentage  of  tanning,  or  one  more  than  the  other." 

B^  the  ''International''  filter-tube  method  he  obtains  on  the  chestnut-wood 
extract :  tanning  matter  27.9  per  cent,  non-tannins  11.8 per  cent,  insoluble  at  60^  F. 
1.9  per  cent,  water  58.4  per  cent.  By  the  Yorkshire  College  shake  method:  tanning 
matter,  Vienna  hide  24.1  per  cent,  Bnfl'alo  hide  22.4  per  cent;  non-tannins,  Vienna 
hide  lo.6  per  cent,  Buftalo  hide  17.3  per  cent.  In  this  last  method  the  powder  is 
added  in  three  successive  portions,  6  grams  powder  used  and  100  co  of  liquor.  The 
Bufialo  powder  is  coarse-ground  dry  hide,  heavy,  granular,  and  unsuitable  for  the 
filter  tube.  In  the  filter  method  the  first  30  cc  passing  through  are  thrown  away,  the 
next  50  cc  evaporated  for  non-tannins.  On  the  hemlock  liquor,  by  the  "  Interna- 
tional" method.  Dr.  Proctor  obtained  tanning  matter  2.45  per  cent,  non-tamins  2.16 
percent;  and  by  the  Yorkshire  method,  tanning  matter  2.25  per  cent,  non-tannins 
2.35  per  cent,  results  being  identical  from  both  Vienna  and  Buffalo  hide. 

Dr.  Forbes  reports  non-tannins  obtained  by  the  nse  of  Fiebing's  hide  powder  in 
the  chestnut-wood  extract  13.15  per  cent ;  in  the  hemlock  liquor  2.06  per  cent,  and  in 
the  grape-sugar  extract  19.05  per  cent.  All  filtrations  were  done  through  No.  597 
S.  &.  S.  paper,  and  all  dryings  at  100^  C. 

•  £.  J.  Haley  finds  14.28  per  cent  non-tannins  in  the  chestnut- wood  extract  from  a 
hide  powder  of  his  own  make.  He  reports  the  ash  analysis  of  the  two  hide  powders 
sent  out: 


Ash 

Lime 

Alumina . . . 
Ferric  oxld 


"A" hide.  "B'hide. 


Per  rent. 

0.19 

.06 

Trace. 

Trace. 


Per  cent. 

0.36 

.05 

Trace. 

Trace. 


Mr.  F.  H.  Small  reports  that  his  laboratory  method  does  not  vary  from  the  official 
to  any  extent  and  hence  does  not  report  from  it. 

Mr  B.  D.  Westenfelder :  ''I  did  not  follow  directions  you  sent  out,  but  used  my 
laboratory  method.  It  is  as  follows:  Dissolve  in  water  at  40^  C.  in  a  500  cc  flask; 
place  on  water  bath  for  fifteen  minutes  and  agitate  frequently;  fill  to  mark  with 
cold  water;  cool  rapidly  in  cold  water  and  make  up  to  1  liter;  filter  through  20  cm 
double- folded  S.  &  S.  No.  6298  filter  paper;  discard  first  100  cc  that  passes  through; 
refilter  then  till  absolutely  clear. 

Wash  hide  powder  with  water  containing  acid  sodium  sulphite  and  sulphnrio  acid, 
then  wash  till  absolutely  free  from  soluble  hide  and  saline  matter,  squeeze  and  shake. 
All  residues  dried  in  air  oven  at  104^  to  106^  C.  for  two  hours."    His  results  are: 


Chestnat- 

vood 
extract. 

Heiuloek 
liqaor. 

1^1 

Solids 

Per  cent. 
41.95 
38.06 

13  07 

Percent 
4.57 
4.57 

2.13 
2.13 

Per  cent 
39.80 

Soluble  solids 

39.80 

Kon- tannins  : 

No.l 

19.63 

No.2 

14.33 

19.83 
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Non-tannin  No.  1  wet  hide  powder  was  added,  in  two  portions  of  25 grams  each;  50 
grams  wet  liide  total  used.  Non-tannin  No.  2,  50  grams  wet  hide  added  at  once, 
200  cc  of  liquor  used  for  shaking  and  100  cc  evaporated;  wet  hide  powder  con- 
tained 78  per  cent  moisture.  In  the  case  of  the  liquor  only  40  grams  of  wet  hide 
were  used. 

Mr.  Oma  Carr  states  that  at  25^  C.  he  obtained  2.09  per  cent  of  reds  in  the  chest- 
nut-wood extract,  and  at  10^  C.  3.66  per  cent  reds,  an  increase  of  1.57  per  cent. 
Hf  also  states  that  at  25^  C.  the  hemlock  liquor  was  clear,  hut  at  10^  C.  lie  found 
0.1 0  per  cent  of  reds.  By  dissolving  an  extract  according  to  the  method  (20  grams  to 
the* liter),  and  by  dissolving  it  so  that  it  will  make  a  liquor  of  1.02  sp.  gr.,  he  finds: 


Official. 

At  1.02 
8p.gr. 

Differ, 
ence. 

P«-  cent. 

Per  emt. 

Per  cent. 

40.63 

40.43 

0.10 

37.66 

37.38 

.28 

2.87 

3.05 

.18 

22.03 

21.71 

.32 

15.63 

15.66 

.03 

Toul  solids  . . . 
Soluble  solids . 

Keds 

Taunin 

Non-taunins... 


This  liquor  of  1.02  sp.  gr.  gave  soluble  solids,  at  25^  C.  37.38,  and  at  8^  C.  35.94,  a  dif- 
ference of  1.44.  Mr.  Carr  presents  the  following  data  regarding  the  drying  of  the 
grape-sugar  extract : 

IhHed  in  air  at  10(P  C. 


Solids  (direct). 

Solids  (indirect). 

Non -tannins. 

Tani 

lins. 

Per 
cent. 

Ti-e.  ^;ir 

Per 
cent. 

Time. 

Inter- 
val. 

Per 
cent. 

Time. 

Inter- 
val. 

Per    . 
cent. 

2    

4            2 

10            6 

12:     . 

28  ,        16 

40.46 
40.00 
39.04 
88.99 
38.48 

3 

39.26 

1 

16 
24 

8 

19.67 
19.46  ' 

« 

21 

38.28 

18.82 

50           18 

38.35 
38.03 

42 

18 

37.91 

45 

21 

18.66 

19.25 

56            6 

37.93 

50 

12 

37.81 

64 

19 

18.10 

19.71 

96           40 

37.51 

90 

40 

37.22 

112 

48 

17.22 

20.00 

136  _        40 

37.29 

138 

48 

36.99 

136 

24 

16.92 

20.07 

Theoretical 

' 

coDtents 

of  sample  . 
MaximDm 

37.77 

17  58  ' 

20  19 

\ 

1 

decrease  . . 

3.17 

2.27 

2.75 

"The  non-tanniue  show  a  rate  of  decomposition  about  twice  as  great  as  the  solids 
as  a  whole^precisely  as  it  should  be,  considering  that  the  nou-tnnnins  are  largely 
left  handed  sugars. 

"The  absnrdity  of  drying  five  days  without  constant  weight  is  manifest.  In  my 
opinion,  the  water  is  wholly  expelled  from  residues  of  500  milligrams  or  less  inside  of 
four  hours  and  any  loss  thereafter  is  chargeable  to  decomposition.  These  sugars 
of  the  dextrose  order  do  not  oxidize  appreciably,  while  their  rate  of  decomposition 
is  wholly  dependent  upon  the  temperature  used  in  their  dehydration.  It  is  possible 
to  select  from  the  above  table  percentages  in  fair  accordance,  but  I  hold  that  such 
arbitrary  selection  is  absolutely  without  apology  where  the  rate  of  decrease  con- 
tinues thereafter,  whether  more  slowly  or  not. 

"  It  seems  to  me  wisely  consistent  with  the  best  interest  of  the  method  to  stipulate 
that  extracts  and  other  materials  containing  large  quantities  of  invert  sugars  must 
be  dried  in  vacno  at  70^  C.  The  theoretical  sample  has  served  the  exceedingly  use- 
ful purpose  of  proving  the  inapplicability  of  ordinary  dehydration  methods  to  its 
desiccation.     If  the  objection  be  made  that  chemists  are  not  snpplied  with  means  of 
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racuum  drying,  it  is  a  wholly  consistent  thing  to  require  them  to  provide  it.  In  the 
analysis  of  sugar,  ore,  milk,  etc.,  the  means  have  been  adapted  to  the  method,  and 
the  polariscopc,  assay  balance,  and  Babcock  machine  are  essentials. 

"When  it  comes  thus  to  a  choice  between  :i  method  vitally  defective  and  one  in 
which  special  apparatus  innst  be  provided,  which  is  necessary  in  the  operation  of  a 
method  which  has  the  advantage  of  accuracy,  there  seems  hardly  room  for  debate.'' 

Mr.  Eachns  presents  the  following  data  on  drying: 

"  Twelve  portions  of  100  co  of  well-mixed  extract  solution  (20  grams  to  the  100  cc) 
were  evaporated  to  dryness.  Six  of  these  were  dried  on  the  top  shelf  of  a  hot-air 
oven;  the  other  six  were  dried  on  the  bottom  shelf  of  the  same  oven.  At  the  end 
of  three  hours  one  dish  from  each  shelf  was  weighed,  and  at  one  hour  intervals 
thereafter  a  dish  was  weighed  from  each  shelf.  The  temperature  of  the  top  shelf 
was  100-  C,  and  of  the  bottom  shelf  125^  C. 

"Twelve  portions  of  100  cc  of  non-tannins  from  the  same  solution  were  treated 
similarly. 


Solids. 


Noii-tanninB. 


Time. 

100=  c, 
top  shelf. 

125=  C, 
bottom 
shelf. 

(r'ram. 

0.8218 
.8152 
.8111 
.8099 
.8009 
.8027 

Differ- 
ence,    j 

100^  C 
top. 

125^  C,  ' 
bottom. 

Oram.    ' 
0.2843 
.2842 
.2855  ' 
.2842  j 
.2820 
.2863  ' 

Differ- 
ence. 

A  fl6r  3  hours         .••••••••• 

Oram.    \ 
0.8399 

iiram, 
0. 0181 
.0123 
.0169 
.0148 
.0235  ' 
.0256 

Oram. 

0.3036 
.3052 
.3051 
.3044 
.3027 
.3072 

Oram. 
0. 0193 

A  f ter  4  hours  .•.•••.•.«••.« 

8275 

.0210 

A ftor 5  hours ...••••..••••• 

8280  1 

.OIWJ 

After  6  hours     

;        .8247  1 

.0202 

After  7  houm     .   .......... 

8244  ! 

.0207 

After  8  honrs  ............. 

8283  1 

.02u9 

' 1 

.0185 

.  02113 

**  From  this  it  is  seen  that  variations  are  due  to  drying  at  varions  temperatures  and 
that  a  constant  weight  is  obtained  by  drying  at  100^  C.  for  from  four  to  eight  hoars, 
but  that  a  loss  of  non-tannins  occurs  by  drying  at  125'-'  C.  both  in  the  total  solids 
and  non-tannin  determinations,  probably  due  to  decomposition  of  the  non-tannins. 
Variations  in  temperature  within  these  limits  affect  the  non-tannins  largely  without 
any  considerable  action  upon  the  tannins.  Variations  then  in  drying  tannin  solu- 
tions are  a  function  of  the  temperature,  although  no  doubt  long-continued  drying 
at  100-  C.  would  occasion  oxidation  of  the  tannin. 

'*  Fourteen  analyses  of  an  extract  were  made  and  the  drying  done  in  various  ways, 
always  making  it  a  point  to  dry  the  soluble  solids  and  non-taunins  under  identical 
conditions  and  side  by  side  in  the  drying  oven. 


Dried  on- 


Weight  Weight 
of  soluble  of  lion- 
<    solids,      tannins. 


Solnble 
soUds. 


Non-tan- 
nins. 


Gram. 

Top  shelf  hot<air  oven,  4  hours  n  t  100^  C 0. 8086 

Top  shelf  hot-iiir  oven,  8  hours  at  100-  C 8637 

Bottom  shelf  hot-air  oven,  4  hours  at  125'^  C 83U6 

Bottom  Hhelf  hot-air  oven,  8  hours  at  125^  C .8360 

Top  shflf  water  oven,  4  hours  at  9a-  C 8641 

Top  shelf  water  oven,  8  hours  at  90°  C 8718 

Top  Hhelf  water  oven,  18  hours  at  90^  C 8630 

.Second  shelf  water  oven,  8  hours  at  90^  C 8703 

Second  .shelf  water  oven.  18  honrs  at  OU'^  C 8630 

Third  shelf  water  oven,  8  hours  at  90^  C 8682 

Third  shelf  water  oven,  18  honrs  at  90=  C |        .  8054 

Bottom  shelf  water  oven,  4  hours  at  00°  C |        .  8708 

Bottom  shelf  water  oven,  8  hours  at  90°  C 8695 

Bottom  shelf  water  oven,  18  liours  at  90^  C 8616 


Oram. 

0.4426 
.4400 
.4131 
.4117 
.4422 
.4500 
.4439 
.4469 
.4443 
.4484 
.  4392 
.4462 
.4468 
.4396 


Per  cent. 
43.43 
43.29 
41.53 
41.83 
43.21 
43.59 
43.15 
43.52 
43.15 
43.41 
43.27 
43.54 
43.48 
43.08 


Per  enU. 
26.12 
25.96 
24.37 
24.29 
26.09 
26.55 
26.20 
26.37 
26.22 
26.46 
25.91 
26.33 
26.37 
25.94 


Tannins. 

PeretnL 
17.31 
17.33 
17.16 
17.54 
17.12 
17.04 
16.95 
17.15 
16.93 
1698 
17.36 
17.21 
17.11 
17.14 
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"I  wouM  suggest  that  for  the  sake  of  iiuiformity  the  time  and  temperature  of  dry- 
ing be  closely  defined  fur  the  method ;  but  I  think  my  results  show  that  the  per  cent 
of  tannins  is  not  largely  influenced  by  variations  in  drying  among  various  opera- 
tors, provided  they  dry  soluble  solids  aud  non-tannins  under  the  same  conditions  at 
all  times. 

"The  data  I  present  seem  to  prove  that  the  changes  in  weight  of  soluble  solids  and 
non-tannins  are  the  same  nnder  the  same  conditions,  and  that,  so  far  as  the  tannins 
are  concerned,  there  is  no  dift'erence  in  the  time  necessary  for  complete  dehydration. 
It  is  only  necessary,  therefore,  to  deHne  the  time  and  temperature  to  be  nsed.'^ 

Mr.  Forbes  states  that  after  a  careful  investigation  he  found  that  no  matter  how 
long  tanning  licjuor  was  passed  through  filter  paper  there  was  a  slow  but  apprecia- 
ble absorption  of  tanning  matter;  but  that  with  an  asbestos  mat  the  absorption  was 
nil.  He  commanieated  with  the  paper  makers,  but  states  that  they  failed  to  make 
a  satisfactory  paper  from  this  material. 

-  Mr.  Forbes  calls  attention  to  the  temperature  of  extraction  of  raw  materials,  the 
results  shown  by  him  in  the  paper  read  before  this  society  last  year  on  canaigro 
extraetion.  Bulletin  No.  51,  ami  the  work  of  Proctor  and  Parker  on  various  other 
materials  on  the  same  subject,  and  asks  that  this  subject  be  given  special  attention. 

Mr.  Alsop  presents  the  following  data  on  the  absorption  of  tanning  matter  by 
paper  and  kaolin  : 

A  solution  of  gallotannin  free  from  precipitate  was  continually  filtered  through 
doubled  S.  Sc  S.,  No.  570, 15  cm  filter  paper,  care  being  taken  on  the  duplicates  to  have 
the  paper  weigh  the  same. 


Original  aoUds. 


First aolutioD,  0.8147    Second    solution, 
I      gram  to  lUO  cc.  0. 8182  gram. 


Oram.  Gram. 

First,  125  cc  passing  throagh I  0.7905,  loss.. 0.0242 

Second,  125  cc  passing  through ;    .8054,los8..  .0093 

Third,  125  cc  passing  through 8077,1obs..  .0070 

Fourth,  125  cc  paasing  through 8085, loss..  .0062 


Gram.  Oram. 
0.7970,  loss.. 0.0203 
.8117, loss..  .00«5 
.8093,1088..  .0089 
.8169,1088..  .0013 
.8166, loss..  .0016 
Sixth,  125  cc  passing  through 8146,  loss..  .0036 


Fifth,  125  CO  passing  through. 


Ten  grams  kaolin  were  then  thrown  on  the  wet  paper;  on  the  first  after  500  co  had 
passed  through,  on  the  second  after  750  cc  had  passed  through: 


Original  solids. 


First  solution. 


Grain. 

First,  125  cc 0.7996,  loss 

Second,  125  cc I 


Oram. 
.0.0151 


Second  solution. 


Gram.  Gram. 

0. 8174,  lobs.. 0.0008 

.8153,1088..  .0029 


By  filtering  with  10  grams  kaolin  on  dry  filter  paper : 


Original  solids. 


First  solution. 


,  Gram.  Oram.  , 

First,125  cc 0.7567. loss.. 0.0580 

Second,  125 CO I    .7969, loss...  .0178 


Second  solution. 

Gram.  Gram. 

0.7705,108.1..  0.0477 

.8075.1088..  .0107 
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By  filtoriog  ft  hemlock  liquor,  free  from  precipitate,  under  the  same  conditions : 


Original  aolids. 


0. 6378  gram  per  100  cc. 


Oram.  Gram. 

First,  125  cc  passing  through j  0.6225  per  100  cc,  loss 0.0153 

Second,  125  cc  passing  through !    .  6299  i)er  100  cc,  loss 0079 


Third,  125  cc  psssing  through. . . 
Fourth,  125  cc  passing  through.. 

Fifth,  125  c-c  iiassiug  through 

Sixth,  10  grams  kaolin  added. ... 
Seventh,  10  grams  kaolin  added  . 
Eighth,  10  grams  kaolin  added  . . 


.  6354  per  100  cc,  loss 0024 

.  6347  per  100  cc,  loss 0O31 

.  6344  per  100  cc,  loss 0034 

.  6179  per  100  cc,  loss 01»9 

.  6245  per  100  cc,  loss 0133 

-.  6388  per  100  cc,  gain OUIO 


Ten  grams  kaolin  on  dry  paper  with  this  liquor  gave: 


Original  solids. 


0. 6378  gram  per  100  cc. 


Oram.  Gram. 

First,  125  cc  passing  through '. : 0. 6023  per  100  cc,  loss 0.0355 

Second,  125  cc  passing  through 6280  per  100  cc,  loss 0098 

Third,  126  cc  passing  through '    .  6322  per  100  cc,  loss 0056 

This  procedure  was  followed  on  extract  solutions  which  had  been  filtered  clear: 


Original  solids 

First,  125  cc  passing  through  — 
Second,  125  cc  passing  through  . 
Third,  125  cc  passing  through. . . 
Fourth,  125  cc  passing  through  . 
Fifth,  125  cc  passing  through  ... 
Sixth,  10  grams  kaolin  added . . . 
Seventh,  10  grams  kaolin  added. 
Eighth,  10  grams  kaolin  a<lded. . 


'^^*°\yj;""«*«     Ten  grams  to  Uter. 


Oram. 
0.8287 
.6175,  loss. 
.8215,  loss.. 
.8237, loss.. 
.8233,  loss.. 
.8286,  loss.. 
.8035,  loss.. 
.8199,  loss.. 


Oram. 

O.0U2 
.0072 
.0050 
.0054 
.-0001 
.0252 
.0088 


Oram. 

0.4085 

I  .4034,  loss. 

.4069,  loss. 

.4081,  loss. 


Oram. 

0.0051 
.0016 
.0004 


.4100, gain..  .0015 

.3895,  loss..  .0190 

.4041.  loss..  .0044 

.4098, gain..  .0013 


Ten  grams  kaolin  on  paper  dry. 


!    T^ent^'^  grams  to    !  Ten  grams  to  liter. 


,     Oram.         Gram.      Gram.        Gram. 

First.  125  cc  passing  through ■ !o. 7822, loss..  0.0465  0.3823,loea..  0.0290 

Second,  125 cc  jmsHing  through .8262,1osh..     .0025     .4004,loss..     .0081 


The  variatious  due  tu  two  kinds  of  filter  paper  are  shown  by  the  snbjoined  data. 
No.  6i;2  S.  «fe  S.  15  cm  is  a  hard-finished  heavy  paper  while  No.  590  S.  &  S.,  15  em 
18  a  soft-finished  light  paper.  The  extract  used  on  this  was  the  sample  of  grai>e 
sugar  and  gallotannin  sent  out  by  the  referee.  The  official  method  of  filtration  was 
jKirsued,  and  the  results  are  given  under  No.  1  and  under  No.  .2;  150  cc  of  solotiou 
were  thrown  away  and  then  100  cc  passed  through  the  filter  and  evaporated. 


Number  1 .                 Number  2. 

Original  total  solids 

Oram.        Oram.      Gram.        Oram. 
0  7685                               0  7685 

No.  590  paper 

.7483, loss..  0.024)2     .7622, loss..  0.0063 
.  7106,  loss . .     .  0579     .  7585,  loas . .     .  0100 
.7286,lo»s..     .0399  j  .7600, loss..     .0085 

No.  602  paper 

No.  590  paper,  10  grams  kaolin 
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These  results  show  that  under  the  present  official  method  a  certain  amount  of  tan- 
nin is  reported  as  reds  and  that  by  passing  150  cc  of  the  solution  through  the  paper 
before  taking  the  100  cc  for  soluble  solids  most  of  the  error  due  to  the  absorption  of 
the  paper  and  also  of  the  kaolin  is  obviated.  It  also  shows  that  different  kinds  of 
paper  absorb  different  amounts  of  tanning  material.  It  will  be  seen  by  looking  over 
these  data  that  the  absorption  by  the  paper  is  considerable,  but  that  upon  continued 
contact  of  the  paper  aud  tan  liquor  the  paper^s  affinity  is  satisfied.  The  extreme 
slowness  of  filtration  that  ensues  from  pasHing  tannin  solutions  through  the  filter 
until  the  affinity  of  the  paper  is  completely  satisfied  makes  it  impractical  in  the 
method^  but  since  the  error  is  quite  small  after  150  ce  have  passed  through,  I  would 
suggest  that  the  method  in  this  particular,  adopted  by  the  International  Association, 
be  embodied  in  the  official  method,  except  in  regard  to  the  pajjer,  where  590  S.  &  S. 
15  cm  should  be  substituted  for  602  S.  &  S.  paper.  This  makes  the  directions  for 
filtration  read :  '^  Filtrations  shall  take  place  through  S.  &  S.,  No.  590, 15  cm,  and  the 
first  150  cc  passing  through  shall  be  rejected.  Where  a  clear  filtrate  can  not  other- 
wise be  obtained;  the  use  of  about  10  grams  of  kaolin  previously  washed  with  a 
portion  of  the  tannin  solution  is  permissible,  but  is  to  be  noted  in  the  report." 
"  While  this  does  not  entirely  obviate  the  difficulty,  it  leaves  a  very  small  error  due 
to  this  cause  and  seems  the  only  practical  way  out." 

The  soluble  material  in  the  hide  and  the  quantity  of  dry  hide  used  are  presented  in 
the  following  table.  Hide  **A"  is  that  sent  out  with  the  first  sample  marked  "A," 
Vienna  hide;  **B"  is  that  sent  out  with  first  sample  marked  "B,"  Ridgeway  hide; 
'•C  is  that  sent  out  with  the  second  sample  and  is  Vienna  hide. 

The  samples  are.  No.  1,  chestnut- wood  extract;  No.  2,  hemlock  liquor,  and  No.  3, 
grape  sugar  and  gallotaunin  extract. 

In  no  case  does  the  soluble  material  in  the  hide  powders  exceed  the  limits  of  the 
method. 

Table  No.  4. — Soluble  material  in  and  quaHtity  of  dry  hide  used. 


Name. 


Solubles  in  hide.  Dry  hide  Dry  hide  Dry  hide  Drj-^  hide 'Dry  hide 

^'^o.  1,     I     No.  1,         No.  2.     I     No.  2.     l    iJo.  3. 

.  „  ^  ,.     '     .  «  „     I   aaniple   I    Hample   '   sample    .   aamplc      saniplo 

"^-  "B.  "C.        "A"  hide.  "B"  hide.  "A"  hide.  "B"  hide.      hide. 


I    Oram.        Gram.    ,    Oram.       Oramg.  I   Qramn.  \   Gramt.      Grams.  \   Grams. 

Allaire [      0.0070  ;      0.0075  | "-I        15.43  ;        13.9H  '        12.99  ,        12.55 

Alsop 

Carr 

Eachus 


■| 


.0025  .0030         0.0026  I         12.00  '        12.00  12.00  12.00  12.00 

.0050  .0100  I I         16.50  16.50  |        14.75  !        14.75 

.0020  .0035  .0020  1        12.00  1      .12.50  |        12.00  12. 50  ^  12.00 

Eitner( Weiss) 12.42  11.97  I        12.42  11.97    

Forbes ,        .0030  .0028  1        .0025  1        11.48  10.14  1        13.05'        11.89; 

Haley |        .0040  .0020  |        .0010  '        12.40  |        13.20  9.30  ;         9.90  ,  11.20 

Hurty '        .0039  I        .0041'        .0066  I        11.37  >        12.23  11.77  14.39    

Kriig .0061;        .0039 

Kerr 

Lowoll.... 0026  .0046 

iMcDowell 0070  .  0090 

Nichols I I 

Proctor I        .0050  .0040 

Small j        .0026  .0022 

Tiffany ,        .0100  .0060, 

Yocuni .0030  .0040 


.0065 

11  15 

11.73  , 
13.92 

11.95  , 
15.12 

10.  56  1 
11.84  1 

11.83  '.. 
12.00 

.0030 
.0070 

11.55 

I 


10.50  12.24  12.81  ,        13.47    

11.44  11.90  12.88'        11.82  11.52 

12.35  12.50  ; 


I  ! 

12.00  11.50  11.50  I        11.50  12.00 


In  the  table  of  results  on  the  chestnut-wood  extract  the  diiference  between  mas.i- 
mum  and  minimum  of  solids  is  1.48  per  cent.  This  is  wholly  due  to  variations  in 
drying.  The  difference  in  soluble  solids  is  3.23  per  cent.  Assuming  that  the  drying 
variations  are  the  same  as  for  solids,  then  the  variation  due  to  filtering  is  1.75  per 
cent.  The  differences  on  non  tannins  is  2.09  per  cent.  On  the  above  assumption  that 
1.48  per  cent  difference  is.  due  to  drying,  then  0.61  per  cent  is  the  difference  in  the 


Digitized  by 


Google 


110 

DOu-tanuin  determiuation  proper.  From  this  it  is  readily  seen  that  drying  and  filter- 
ing are  the  ^eatest  sources  of  variations  in  the  tannin  determination. 

The  hemlock  liquor  sent  out  ns  a  Siample  was  free  from  insoluble  matter,  yet  there 
was  reported  a  mean  of  0.11  per  cent  of  reds,  which  was  undoubtedly  due  to  an  error 
in  the  method  for  determining  them.  The  same  thing  occurs  in  the  grape  sugar — 
gallotannin  extract^  which  contained  no  reds,  yet  was  reported  as  containing  on  the 
average  1.35  per  cent;  the  sum  of  the  reds  and  tannins,  19.89,  being  nearly  the  fiame 
as  the  theory  for  tannin  in  this  sample,  20.19  per  cent.  Theory  gave  37.77  per  cent 
RolidH,  the  mean  of  the  results  38.79,  a  difference  of  1.03  per  cent,  due  to  incomplete 
drying,  no  doubt.  On  non-tannins,  theory  gave  17.58  per  cent,  the  mean  of  the  results 
18.90,  a  diU'erence  of  1.32,  within  0.30  per  cent  the  same  as  the  difference  in  solids, 
which  was  due  to  drjing  entirely.  From  these  data  I  think  it  fair  to  conclude  that 
the  non-tannin  determination  is  a  satisfactory  one,  except  in  regard  to  drying. 

There  seems  to  be  no  question  but  that  the  cellulose  of  the  filter  paper  removed 
tannin  to  the  extent  of  a  mean  of  1.35  per  cent.  On  the  other  hand,  in  many  com- 
mercial extracts  a  complete  removal  of  the  reds  is  not  effected  by  the  directions  of 
the  method  for  filtering,  the  reds  being  such  a  fine  precipitate  that  they  practically 
all  pass  through  the  filter.  Some  means  of  obtaining  a  solution  free  of  this  precipi- 
tate, and  yet  not  having  the  absorption  of  the  paper  enter  into  the  determination, 
must  be  devised  before  the  soluble  solid  determination  will  be  satisfactory.  Mr. 
Forbes  suggested  an  asbestos  filter  paper,  but  this  can  not  be  obtained.  Mr.  Alsop 
suggests  satisfying  the  affinity  of  the  paper  for  tannin  by  passing  150  cc  throngh, 
and  the  use  of  kaolin,  washed  in  the  tannin  solution  before  use,  as  a  means  of  obvia- 
ting both  difficulties.  This  seems  to  me  the  only  feasible  means  of  obtaining  satis- 
factory results,  but  even  by  this  a  sli^jht  error  will  remain. 

The  results  of  the  work  of  Messrs.  Carr  and  Eachus  in  regard  to  drying  show  the 
difficulties  and  errors  of  the  present  system.  Mr.  Carr's  suggestion  ''to  dry  in 
vacuo  at  70^  C."  would,  in  all  i)robabiUty,  be  the  most  satisfactory  if  it  could  be 
generally  pursued,  but  I  doubt  if  such  a  proviso  could  be  enforced. 

With  this  same  difficulty  in  the  determination  of  water  in  sugar  solutions,  sirups, 
etc.,  this  association  has  not  adopted  the  vacuum  apparatus. 

The  data  presented  by  Mr.  Eachus  would  lead  one  to  believe  that  in  this  determi- 
nation, if  the  solids  be  exposed  to  decomposition  in  drying  under  the  same  conditions 
as  the  non-tannins,  the  actual  loss  of  weight  in  each  will  be  such  as  to  give  the  same 
result  in  tannins. 

The  variations  due  to  the  various  ways  of  drying  are  shown  in  the  following  table : 

[Water  oven,  temperature,  90°  C. ;  time,  twenty -four  hours.  Air  oven,  temperature,  100°  to  104°  C; 
time,  four  hours.  Yacaum  oven,  temperature  100^  C. ;  time,  two  and  one-half  hours;  20  inches 
vacuum.] 


Sample. 


No.  1. 


No.  2. 


No.  3. 


I 

'  Oram. 

Water  oven 0.8211 

Air  oven .8119 

Vacuum  oven I  .8224 


Gram. 

Gram. 

0. 7177 

0.70S0 

.7063 

.6986 

.7151 

.7056 

It  would  seem  that  to  obtain  any  degree  of  concordance  it  is  necessary  to  have 
the  method  of  drying  outlined  with  considerable  exactness,  both  in  regard  to  time 
and  temperature,  and  it  would  seem  to  your  referee  a  fitting  subject  for  the  forth- 
coming year's  investigation.  For  the  present,  drying  for  eight  hours  at  100-^  C,  in.an 
air  oven  or  eighteen  to  twenty  hours  in  a  water  oven  at  90^  C.  seems  the  least 
objectionable. 
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III  the  direct  determination  of  water  in  extracts,  etc.,  it  is  essential  that  the  extract 
be  evenly  deposited  as  a  film  on  the  bottom  of  the  containing  vessel.  This  is  best 
eflected  by  diluting  in  the  vessel  with  abont  25  cc  of  water  before  evaporating.  It 
seems  better  to  make  the  directions  read  that  1  gram  of  solids  will  remain  after 
drying,  instead  of,  as  now,  *'uso  3  grams  of  the  extract,"  for  owing  to  the  varying 
concentration  of  extracts  sometimes  the  film  is  much  too  thick  to  dry  well. 

On  September  30,  1897,  there  was  organized  in  London  the  International  Associa- 
tion of  Leather  Trades'  Chemists,  whose  object  is  the  promotion  and  adoption  of 
standard  methods  of  tannin  analysis.  This  association  received  the  support  of  jirac- 
tically  all  the  Continental  and  English  chemists  interested,  and  after  a  great  deal  of 
<liscu8Bion  they  adopted  the  following  method  for  tiftunin : 

METHOD. 

PREPARATION. 

Liquid  extracts, — Liquid  extracts  shall  be  rapidly  stirred  and  mixed  immediately 
before  weighing,  which  shall  be  done  rapidly  to  avoid  loss  of  moisture.  Thick 
«x tracts  which  can  not  be  otherwise  mixed  may  be  heated  to  50-  C,  then  stirred,  and 
rapidly  cooled  before  weighing. 

Barks  and  solid  tanninfj  materials. — The  whole  sample,  or  not  less  than  250  grams, 
shall  be  ground  in  a  mill  until  it  will  pass  a  sieve  of  five  wires  per  centimeter.  Mate- 
rials such  as  barks,  divi-divi,  etc.,  containing  fibrous  material,  shall  be  sieved  and 
proportionate  parts  of  the  fibrous  substance  and  that  passing  through  sieve  employed. 

Strength  of  solution. — Such  solutions  shall  be  employed  that,  upon  the  evaporation 
of  100  cc  the  residue  shall  amount  to  between  0.6  and  0.8  gram. 

Solution  of  liquid  extracts. — A  sufiirient  quantity  shall  be  weighed  into  a  covered 
basin  or  beaker,  from  which  it  shall  be  washed  into  a  liter  fiask  with  about  500  cc 
of  boiling  water  and  well  shaken,  and  the  flask  shall  be  tilled  nearly  to  the  mark 
with  cold  water,  the  neck  being  covered  with  a  small  beaker;  it  shall  be  placed 
unde^  a  cold-water  tap,  or  otherwise  rapidly  cooled  to  a  temperature  between  15 ~  and 
20^  C.  and  made  up  to  the  mark,  after  which  it  shall  be  thoroughly  mixed  and 
immediately  filtered. 

Filtration. — Filtration  shall  take  place  through  S.  &  S.  filter  paper  No.  602.  The 
first  150  or  200  cc  of  the  filtrate  shall  be  rejected.  Where  a  clear  filtrate  can  not  be 
otherwise  obtained,  the  use  of  a  little  kaolin  previous' y  wastied  with  a  portion  of 
the  tannin  solution  is  permissible. 

Extraction  of  solid  mattrialti. — Sueh  quantity  shall  be  weighed  as  will  give  an 
infusion  of  the  strength  already  prescribed.  Not  less  than  500  cc  of  the  infusion 
shall  be  extracted  at  a  temperature  not  exceeding  50-  C,  after  which  the  temperature 
shall  be  raised  to  100^  C.  and  the  extraction  continued  till  the  percolate  is  free  from 
tannin  and  the  whole  made  up  to  1  liter,  the  weaker  portion  being  concentrated 
if  necessary  by  evaporation. 

Total  soluble  matter. — One  hundred  cc  of  the  clear  filtered  tanning  solution  hhall  be 
evaporated  on  the  water  bath  and  shall  afterwards  be  dried  in  an  air  oven,  to  con- 
stant weight  at  a  temperature  of  100^  to  105*^  C,  or  at  a  temperature  not  exceeding 
100^  C.  in  vacuo. 

Determination  of  non-tannins. — The  filter-tube  method  shall  be  adopted  provision- 
ally. 

The  Bell  form  of  filter  shall  be  employed.  Not  less  than  5  grams  of  hide  powder 
shall  be  used,  and  the  filtrate  shall  be  rejected  so  long  as  it  gives  a  turbidity  with  a 
clear  tannin  solution.  The  filtrate  may  be  used  for  the  determination  of  non-tannins 
so  long  as  it  gives  no  reaction  with  hide-powder  water  (a  clear  solution  of  soluble 
gelatin  from  the  hide).  Fifty  cc  or  less  (luautity  of  detannized  solution  shall  be 
evaporated  on  a  water  bath  and  dried  as  directed  for  soluble  matter. 
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The  main  difference  between  this  and  the  official  method  of  this  association  is  in 
the  non-tannii.  determination.  The  results  from  the  filter  tube  are  invariably  lower 
than  those  obtained  by  the  shaker.  Messrs.  Weiss,  Proctor,  Parker,  and  Tonse 
report  results  on  the  chestnut-wood  extract  and  hemlock  liquor  by  this  method. 

i 

I  Extract.      Liquor. 


Percent.    Percent. 


Weiss,  non  tannin ' 

Proctor,  nontannin 

Parker,  nontaunin 

Tonse,  nontannin , 

TVeiss,  tannins : . . .  | 

Proctor,  tannins , 

Parker,  tnnnius ! 

Tons**,  tannins 


13.90  i 

2.13 

11.80 

2.  16 

12.10  ' 

2.00 

12.25  '.. 

25.24  1 

2.50 

27. 90  ' 

2.45 

28.00  , 

2,80 

27.91    ... 

It  is  hoped  thiit  the  more  general  use  of  the  shaker  method  abroad  will  convince 
the  foreign  chemist  of  its  superiority  and  that  it  will  be  incorporated  in  their  method. 

The  manufacturers  of  extract  are  varying  the  concentration  of  their  pro<Uict  mach 
more  now  than  in  the  past,  and  as  the  present  method  calls  for  20  grams  oi  extract 
per  liter  the  solids  per  1(X)  cc  of  working  solutions  vary  considerably,  and  iuiisniach 
as  these  variations  in  concentration  inilueuce  the  results  on  both  non-tanuins  and 
soluble  solids  a  more  definite  statement  regarding  quantity  of  material  is  necessary. 

An  extract  diluted  20  grams  to  the  liter,  giving  1.0648  grams  of  solids  per  KX)  cc  of 
solution,  and-  the  same  extract  dissolved  so  that  100  cc  of  solution  had  0.8000  gram 
solids,  gave: 

Twenty  0.8 

I  grama  to    gram  per 
liter.  100  cc. 

Per  cent,  '  Per  cent. 

Soluble  solids 50.00  51.15 

Non-tannins 19.44  18.46 


Uniformity  in  the  (luautity  of  hide  and  strength  of  solution  are  both  necessary  for 
concordance  in  the  results  on  non  tannins,  as  has  been  proven,  and  with  the  absolute 
definition  of  the  quantity  of  solids  per  100  cc  of  solution  Jind  the  use  of  a  certaio 
quantity  of  hide  powder  this  error  is  eliminated. 

The  directions  for  washing  the  hide  powder  as  a  preliminary  to  the  non-tanniu 
determination  are  quite  complicated  and  lengthy.  To  determine  if  some  better 
means  could  not  be  devised  several  experiments  were  carried  on,  and  it  was  fonud 
that  by  using  about  twenty-five  times  as  much  water  as  hide,  by  weight,  a  very 
satisfactory  washing  could  be  effected  by  one  treatment. 

Twenty  grams  of  hide  and  500  cc  of  water  were  used  in  the  following  tests;  the 
hide  was  well  stirred  in  a  large  beaker,  fresh  water  was  used,  and  the  hide  and  water 
stood  one  hour  for  each  washing: 

Gram. 

First  washing,  100  cc,  evaporated 0.1014 

Second  washing,  100  cc,  evaporated 0070 

Third  washing,  100  cc,  evaporated 0061 

Fourth  washing,  100  cc,  evaporated 0079 

If  the  hide  answer  the  tests  outlined  under  Paragraph  VIII  of  the  method,  the 
preparatory  washing  can  be  much  simplified  and  one  of  the  most  tiresome  and 
objectionable  points  of  the  method  obviated. 
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RECOMMENDATIONS. 

Your  referee  makes  the  following  recommendations : 

That  Paragraph  II  of  Method,  "Quantity  of  material,"  shall  read: 

"  In  the  caae  of  bark  and  similar  material  nse  saoh  quantity  as  will  give  about  0.8 
gram  solids  per  100  cc  of  solution,  extract  in  Soxhlet  or  similar  apparatus  at  steam 
heat  for  non-starchy  materials.  For  canaigre  and  substances  contain  ing  like  amounts 
of  starch  use  temperature  of  50^  to  55^  C.  until  near  complete  extraction,  finishing 
the  operation  at  steam  heat.  In  the  case  of  extract  weigh  such  quantity  as  will 
give  0.8  gram  solids  per  100  cc  of  solution,  dissolve  in  900  cc  of  water  at  80°  C,  let 
stand  twelve  hours,  and  make  up  to  1,000  cc." 

That  Paragraph  III  shall  read: 

**  Weigh  2  gramM  if  it  be  an  extract  into  a  flat-bottomed  dish  not  less  than  2| 
inches  in  diameter;  add  25  cc  of  water,  warm  slowly  till  dissolved;  continue  evap- 
oration and  dry." 

That  the  following  be  inserted  as  Ilia: 

"All  dryings  called  for,  after  evaporation  to  dryness  on  water  bath  or  others,  shall 
be  done  by  one  of  the  following  methods,  the  soluble  solids  and  non-tannins  being 
dried  under  similar,  and  so  far  as  possible,  identical  conditions: 

"A.  For  twenty-four  hours  at  the  temperature  of  boiling  water  in  a  steam  bath. 

"  B.  For  eight  hours  at  10(P  to  103°  C.  in  an  air  bath. 

"C.  To  constant  weight  in  vacuo  at  70^  C. 

"  State  in  report  the  method  of  drying  pursued." 

That  Paragraph  V  shall  read : 

"  Filtration  shall' take  place  through  a  double  folded  filter  (S.  &  S.  No.  590),  the 
first  150  cc  passing  through  shall  bo  rejected,  100  cc  next  passing  through  shall  be 
evaporated  and  dried.  When  a  clear  filtrate  can  not  be  otherwise  obtained  the  use 
of  10  grams  of  kaolir  previously  washed  in  a  portion  of  the  tanning  solution  is  per- 
missible.   Evaporation  during  filtration  must  be  guarded  against." 

That  Paragraph  VI  shall  read : 

"  Prepare  20  grams  of  hide  by  washing  in  a  No.  7  beaker  (Griffin)  with  800  to  1,000 
cc  of  water,  stir  well  and  let  stand  one  hour;  filter  the  magma  through  linen,  squeeze 
thoroughly  by  hand  and  remove  as  much  water  ds  possible  by  means  of  a  press, 
*eto."    (From  here  the  same  as  in  Bulletin  No.  51.) 

That  the  following.be  inserted  as  Vila: 

"A.  That  the  temperature  of  solutions  shall  be  between  16*^  and  20°  C.  when 
measured  or  filtered. 

"  B.  Dryings  to  be  made  in  flat-bottomed  dishes  not  less  than  2^  inches  in  diameter." 

No  papers  were  presented  on  the  subject  of  tannin. 

The  committee  on  recommendations  here  presented  its  report  in  favor 
of  the  adoption  of  the  recommendations  of  the  referees  on  food  adulter- 
ation and  tannin.    The  report  was  adopted. 

Dr.  De  Schweinitz  then  read  his  report  on  the  determination  of  nic- 
otin,  as  follows : 

EEPOET  OF  AH  IKTESTIQATION  OF  THE  METHODS  FOE  THE  DETEEMIKA. 
TION  OF  HIGOTIN  IN  TOBAGOO  POWDEES  AND  EXTEAOTS. 

By  E.  A.  DK  Schweinitz,  with  the  cooperation  of  J.  A.  Emery  and  F.  K.  Cameron, 

Having  had  occasion  to  examine  the  uicotin  content  of  a  number  of  tobacco  ex- 
tracts, my  attention  was  called  to  the  fact  that  by  the  best  method,  namely  the  Kiss- 
ling,  which  is  ordinarily  used,  the. results  are  not  always  concordant. 

It  occurred  to  me,  therefore,  that  it  might  be  of  considerable  interest  to  have  a 
number  of  different  men  make  analyses  of  the  same  samples.  I  wrote  to  Dr.  Winton, 
17582— No.  56 8 
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presideDt  of  the  association,  iu  regard  to  the  matter,  and  he  said  that  I  slionld  pro- 
ceed with  the  work  and  agreed  to  cooperate  in  it.  Accordingly,  I  secured  samples 
of  two  tobacco  powders  and  two  tobacco  extracts  from  Dr.  Walker  Bowman,  of  the 
Louisville  Spirit  Cure  Tobacco  Company,  and  ha<l  duplicate  samples  bottled  and 
sent  to  the  following  gentlemen  who  had  agreed  to  aid  in  the  work:  Prof.  R.  J. 
Davidson,  of  Blacksburg,  Va. ;  Prof.  J.  H.  Patterson,  Maryland* Agricultural  College ; 
Dr.  A.  L.  Winton,  of  Connecticut,  and  Dr.  Walker  Bowman,  of  the  Louisville  Spirit 
Cure  Tobacco  Company,  and  in  my  laboratory  -the  work  was  done  by  Mr.  James 
A.  £mery  and  Dr.  Frank  K.  Cameron..  Three  methods  were  prescribed,  namely,  the 
Kissling,  the  use  of  Lloyd's  reagent,  and  the  optical  method.  AH  of  the'  gentle- 
men carried  out  the  work  according  to  Kissling's  method,  but  only  two  or  three  used 
the  optical  method  or  Lloyd's  reagents. 

The  outlines  of  the  several  methods  used  are  as  follows: 

KUsling^s  Method.^ — Extraction  of  the  alkaline  magma  with  ether  evaporation,  dis- 
tillation, etc. 

The  use  of  LloyWs  reagent. —T\iQ  outline  of  this  method  is  as  follows:  Five  cc  of 
the  solution  or  extract  are  placed  in  an  extra  heavy  beaker  and  enough  of  Lloyd's 
reagent  for  alkaloids  (equal  parts  dry  ferric  hydrate  and  sodium  bicarbonate)' is  then 
added  to  make  a  very  stiff  magma  or  paste.  Twelve  cc  of  rectified  petroleum  ether 
are  then  added  to  the  contents  of  the  beaker,  and  the  whole  rapidly  agitated.  The 
petroleum  ether  is  then  decanted  into  a  small  separating  funnel  and  the  operation 
repeated  upon  the  pasty  mass  with  11, 10, 9,  and  8  cc  of  ether  in  turn.  The  ether 
extracts  are  mixed  together  in  the  separating  funnel  and  5  cc  of  normal  snlphuric 
acid  with  15  co  of  water  added  to  the  contents.  The  whole  is  rapidly  shaken  and 
the  lower  layer  withdrawn.  The  ether  is  again  washed  with  10  cc  and  5  co  of 
water  and  the  washings,  together  with  the  acid  extract,  titrated  with  one-fifth  nor- 
mal potassium  hydrate,  litmus  being  added  as  an  indicator.  Each  cnbic  centimeter 
of  alkali  used  in  excess  of  that  necessary  to  neutralize  the  acid  is  equal  to  0.0324 
gram  nicotin. 

The  optical  method, — The  optical  method  described  by  Popbvici  (Ztschr  f.  Physiol. 
Chemie,  Vol.  XIII,  p.  445;  also  Chem.  Ztg.  1889,  p.  1030).  The  outline  of  the  method 
is  as  follows:-^ 

The  tobacco  is  extracted  with  ether  as  in  Kissling^s  method,  and  the  extract  from  . 
20  grams  of  tobacco  is  mixed  with  10  cc  of  a  fairly  concentrated  nitric  acid  solution 
of  phosphomolybdic  acid,  which  throws  down  the  nicotin,  ammonia,  and  so  on,  as  a 
precipitate  which  separates  readily.  The  ether  is  then  carefully  poured  off  and  the 
residue  is  made  up  to  a  volume  of  50  co  by  the  addition  of  distilled  water.  Eight 
grams  of  finely  powdered  barium  hydrate  are  then  added  for  the  purpose  of  setting 
the  nicotin  A:ee.  As  this  decomposition  takes  place  somewhat  slowly,  the  fiask  con- 
taining the  mixture  should  bd  allowed  to  stand  for  several  hours  and  be  shaken  from 
time  to  time.  The  precipitate,  which  is  at  first  blue,  gradually  changes  to  a  blue- 
green,  and  finally  to  a  yellow.  The  alkaline  solution  which  contains  the  nicotin  is 
filtered  off  and  the  yellow-colored  filtrate  is  polarized.  The  reading  on  the  polari- 
scope  iu  minutes  is  noted.  Yrom  this  reading,  in  combination  with  the  table  which 
can  be  found  in  Kissling's  Tabakkunde,  page  68,  the  percentage  of  nicotin  can  be 
determined.  The  results  reported  by  the  difterent  gentlemen  who  carried  out  the 
work  can  be  seen  in  the  following  table: 


1  Wiley,  Principles  and  Practice  of  Agricultural  Analysis,  Vol.  Ill,  p.  606. 
*  Vide  Prineiples  and  Practice  of  Agricultural  Analysis,  Vol.  Ill,  p.  607. 
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Tobacco  powders. 


No.  1. 


No.  2. 


Analyst  and  location. 


Kiss- 
ling. 


Lloyd.  Optical.  Average. 


Hn^.    I  Lloy^l-  .Optical.  Arerage. 


A.  L.  Winton,  Connecticut . 


Per 
cent. 

0.70 


H.  J.  Patterson,  Md.  Agr.  Ex.  ' 
Sta.  , 

R.  J.  Davidson,  Va.  Agr.  Ex. 
Sta. 

Walker  Bowman,  Louisville, 

J.  A.  Emery,.  X'.  S.  Biological  ' 
Chemical  Laboratorv. 


.53 


.81 
.81 


.77 
.58 


Per         Per 
cejit.    I    cent.    ^  Per  cent. 


K=0.67 


.Per         Per    I     Per 
cent.    I    cent.    <    cent. 

1.67  j I 

1.73  , 


Per  cei\t. 
K=l.  74) 


■•\ 


1.3C  , I I     K=1.36 


0. 90         1. 42     K=:  .  81 


L=  .90 
0=1.42 
K^  .77 


].85 
1.81 


1.94  '. 
1.81  |. 


.    K=  .58 
I   L=-  .50 


2.52  1 

I  I 

2.  56  i      2. 05  ■ 


K=1.83 
L^l.87 


K^2.52 


I 


1.75  I    K^2.56 


L=-2. 05 
0=1. 75 


Tobacco  extracts. 


No.  3. 


No.  4. 


Analvst  and  location. 


EisH- 
ling. 


Lloyd.  Optical.  Average. 


^.\ir*  '  ^'^ox^.  Optical.'  Average. 


A.  L.  Winton,  Connecticut . 


H.  J.  Patterson,  Md.  Agr.  Ex. 

Sta.  I 

R.  J.  Davidton,  Va.  Agr.  Ex.  i 

Sta.  i 

"Walker  Bowman,  Louisville, 
Ky.  ] 

F.  K.  Cameron,  TT.  S.  Biological 
Chemical  Laboratory. 


J.  A.  Emery,  17.  S.  Biological 
Chemical  Laboratory. 


Per 
cent. 

3.60 

3.64 

3.68 

3.05 

3.93 
3.98 

4.24 

2.50 
2.50 
2.52 
2.76 
2.90 
2.20 
2.40 

3.91 


Per    '     Per    \ 
I    cent,    i    cent.      Per  cent. 

K=3.64 


1 

K-3.05 

'      3.95 

[ 

4.13  '  K=3.95 

4.00  i   L:^4.02 

0^4.00 

1  K— 4.24 

1 

1 

1 

Per    I 
cent. 

12.66  I 

12.87 

I 
9.92 


Per 
cent. 


Per    I 
cent.    I  Per  cent. 

K=12.76 


K=  9.92 


11.73  I     11.21 


11.77  I 


9.91 


10.90  K=11.75 
L  ^10.  56 
O^IO.  00 
K=  9.11 


,  K=2.54 


3.80  ' 


.'  K^3.91  ; 
.'  L=r3.84  ; 


10.80 
11.50 
11.06 
14.40 
11.40 
16.10 
11.60 
13.07 
14.70 


K=^12.36 


13.35  I     10.00     K=14.70 

13.38  I I   L-)3.40 

13.47  j j   0=10.00 
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The  very  great  variation  in  these  results  from  the  same  samples  in  the  hands  of 
different  men  made  me  think  that  a  still  more  extensive  stmly  than  that  which  I 
had  intended  originally  was  desirable.  Accordingly,  Mr.  James  A.  Emery  and  Dr. 
Frank  K.  Cameron  undertook  a  very  thorough  investigation  of  the  subject.  We 
have  tried  all  manner  of  modifications  of  the  ordinary  methods  and  a  large  number 
of  new  methods,  that  will  be  noted  below,  without  having  been  able  as  yet  to  hit 
npon  a  method  which  would  be  surely  accurate.  The  sources  of  error  in  the 
Kissling  method  were  found  to  be  due  to  ammonium  salts  and  the  amius,  which  it  is 
very  difficult  to  separate  from  nicotin  on  account  of  the  fact  that  the  salts  which  all 
three  of  these  form  are  so  nearly  alike.  We  note  briefly  some  of  the  different 
methods  which  we  hsive  tried  to  adapt  to  a  more  careful  separation  of  the  nicotiu 
from  ammonium  salts  and  amins. 

THK   FORMATION   OF   AN   INSOLURLE   PRECIPITATE. 

So  far  none  has  been  found  to  which  there  are  not  serious  objections  as  a  prac- 
ticable analytic  method.  The  picrate  is  quite  measurably  soluble.  The  phospho- 
tungstate,  phosphomolybdate,  etc.,  are  too  nearly  alike  in  their  general  physical 
properties  to  the  corresponding  salts  of  other  organic  nitrogenous  bases  to  make  a 
satisfactory  separation  possible.  The  insoluble  double  salts  with  metallie  tiases  are 
dependent  on  conditions  of  temperature  and  concentration  to  such  an  extent  as  to 
make  the  precipitation  of  any  definite  compound  too  uncertain  under  ordinary 
working  conditions.     Some  of  these  objections  will  be  further  discussed  presently. 

ROTATORY   EFFECT  OF   SOLUTIONS  ON   PLANE  OF  POLARIZED  LIGHT. 

An  elegant  method  depending  on  this  principle  has  been  suggested  by  Popovici ; 
but  the  possibility  of  errors  incident  to  the  preparation  of  the  solutions  is  great. 
The  presence  of  optically  active  solutes  other  than  nicotin  is  nut  considered.  For 
these  or  other  possible  reasons  this  method  has  not  found,  favor  with  analysts.  A 
further  minor  objection,  but  one  greatly'  to  be  regretted,  i's  that  few  laboratories 
have  the  necessary  instrumental  et^uipment. 

PRECIPITATION    WITH   PICRIC   ACID. 

Preliminary  experiments  with  tobacco  extracts  having  indicated  the  possibility  of 
thin  method  being  used,  the  following  experiments  were  made: 

ExperimefU  1, 

To  solution  known  to  contain  nicotin,  0.52245  gram. 
Added  10  cc  N/2  HCl. 

Added  saturated  solution  of  picric  acid  to  excess. 

Heated  to  98^  C,  then  cooled  slowly  to  room  temperature  and  allowed  to  stand 
twenty-four  hours. 
Filtered  precipitate  and  washed  with  100  cc  water. 
Weight  of  precipitate,  1.79700  grams. 

By  calculation  [CmHuN.— 2C6Hj(NOi)30H]  gave  nicotin  0.4695  gram,  or  89.86  per 
cent  recovered. 

The  precipitate  was  dissolved  in  20  cc  X/2  NaOH,  distilled  in  current  of  steam 
into  41  oc  N/2  HCl;  about  1,000  cc  in  distillate. 

Cubic  oentimeters. 

41  cc  N/2  acid  were  equivalent  in  alkali  to 205.00 

Distillate  equivalent  in  alkali  to 170.40 

Nicotin  equivalent  in  alkali  to 34. 60 

34.6  cc  alkali  were  equivalent  in  acid  N/2  to  6.92  cc. 

34.6  cc  alkali  were  equivalent  in  nicotin  to  0.56052  gram,  or  107.28 per  cent  recovered. 
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The  filtrates  from  nicotin  picrate  and  washings  were  made  alkaline  with  soda  and 
distilled  with  steam  into  20  co  N/2  acid^  about  700  co  in  distillate. 

Cubic  centimetera. 

20  CO  N/2  acid  were  equivalent  in  alkali  to 100. 00 

Distillate 98.50 

Nicotin .* 1.5 

1.5  cc  alkali  were  equivalent  in  N/2  acid  to 30 

'  Gram. 
1.5  cc  alkali  were  equivalent  in  nicotin  to 0. 0243 

Nicotin  from  precipitate  (original) 4695 

Nicotin  from  filtrate 0243 


.4938 
Percentage  recovered,  94.51. 

Nicotin  from  distillate  (original) 56052 

Nicotin  from  filtrate 02430 


.58482 
Percentage  recovered,  111.97. 

JCxperimefit  2, 

Gram. 

Solution  known  to  contain  nicotin 0. 74196 

Ammonia 08500 

Trimethylamin .' (f) 

Added  H-^SOi  solution  to  flight  excess.  Then  a  saturated  Holution  of  picric  acid  to 
excess.  Heated  until  precipitate  was  entirely  dissolved  and  then  cooled  gradually, 
finally  standing  the  containing  fiask  in  an  ice- water  bath. 

Filtered  and  washed  with  150  cc  water,  in  three  portions,  sucking  dry  each  time 
with  the  aid  of  the  pump.    Dried  precipitate  at  120°. 
Weight  of  precipitate,  2.6708  grams. 

By  calculation  [CioHi*N«— 2  C6H2(NO,.)30H]  gave  nicotin  0.6934  gram,  or  93.4  per 
*cent  recovered. 

The  filtrate  was  brought  into  a  flask  with  a  rather  large  excess  of  soda,  and  dis- 
tilled in  a  current  of  steam  into  30  cc  N/2  HCl  and  titrated  back  with  soda. 
Distillate  was  equivalent  in  N/2  acid  to  12.52  cc. 

Nicotin  in  distillate  was  equivalent  to  1.01412  grams,  or  136.7  per  cent  recovered. 
From  these  experiments  (1  and  2)  it  would  appear  that  either  all  the  nicotin  was 
not  precipitated,  or  that  nicotin  picrate  is  decidedly  more  soluble  than  the  rather 
vague  statements  in  the  literature  would  indicate.  '  Therefore  the  following  experi- 
ments were  made : 

ExptHment  5.  • 

[Solnbillty  of  nicotin  picrate  at  20.5°.] 

Grains. 

Solution  containing  nicotin  picrate  weighing 9. 9723 

Evaporated  to  dryness,  nicotin  picrate  weighing 0055 

Water 9.9668 

One  gram  of  water  contained  0.0005519  gram  nicotin  picrate. 

Solubility  (uncorrected)  of  nicotin  picrate  in  water,  0.5519  gram  per  liter. 
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Experiment  4. 

Gnuna. 

Solution  containing  nicotin  picrate  weighing 9. 9774 

Kvaporated  to  dryness,  nicotin  picrate  weighing 0055 

Water 9.9719 

One  gram  of  water  contained  0.0005515  gram  nicotin  picrate. 

Solubility  (uncorrected)  of  nicotin  picrate  in  vrater  is  0.5515  gram  per  liter. 

Average  solubility:  1  part  of  nicotin  picrate  in  1,813  parta  of  water. 

In  experiments  1  and  2  about  500  cc  of  water  for  solution  and  washings  were 
used.    A  loss  of  0.25  gram,  approximately,  could  therefore  be  expected. 

For  experiment  1,  actual  loss  in  percentage,  10  per  cent;  calculated,  14  per  oeut. 

For  experimeut  2,  actual  loss  in  percentage,  6.5  per  cent;  calculated,  9  percent 
in  round  numbers.  It  was  thought  desirable  to  determine  with  approximate  accu- 
racy the  probable  loss  from  washings  of  the  precipitate,  therefore  the  following 
experiments  were  made : 

Experiment  S. 

Precipitated  16  cc  nicotin  solution  and  weighed  in  a  gooch. 

Grams. 

Weight  of  nicotin  picrate  and  gooch 27.5075 

Weight  of  gooch 25.4194 

Weight  of  nicotin  picrate 2. 0881 

16  cc  nicotin  solution  equal  7.36  cc  N/2  HCl  equal  0.59616  gram  nicotin;  2.2815 
grams  nicotin  picrate. 

2.0881  grams  nicotin  picrate  equal  0.54562  gram  nicotin;  91.52  jtet  cent  nicotin 
recovered. 

0.1934  gram  nicotin  picrate  was  lost  in  solution. 

8.47  per  cent  nicotin  picrate  were  lost  in  solution. 

Experiment  6. 

Took  No.  1  gooch  and  added  crystals  of  nicotin  picrate  crystallized  from  hot 
solution. 

Grams. 

Weight  of  nicotin  picrate  and  gooch 26. 9080 

Weight  of  gooch 26.7107 

Weight  of  nicotin  picrate 0. 1973 

Washed  with  aid  of  vacuum  pump  with  250  cc  distilled  water  at  temperature  of 
23-'  C,  filling  the  gooch  each  time  and  then  sucking  dry  before  adding  more  water, 
dried  and  weighed. 

Grams. 

W^eigiit  of  nicotin  picrate  and  the  gooch 26. 8761 

Weight  of  gooch ■ 26.7107 

Weight  of  nicotin  picrate 0.1654 

16.22  per  cent  were  lost  by  washing. 

It  follows  from  the  above  results  that  .the  estimation  of  nicotin  as  picrate  is  open 
to  grave  objections,  as  under  the  nsual  conditions  of  work  a  control  of  the  amount 
lost  in  the  washing  is  quite  impracticable.  It  follows,  further,  from  experiments  1 
and  2,  that  a  quantitative  recovery  of  the  nicotin  from  the  picrate,  which  it  was 
hoped  would  serve  as  a  check,  is  not  possible,  at  least  by  distilling  with  steam  from 
an  alkaline  solution.  The  contents  of  the  flask  from  which  the  distillation  was 
making  gradually  became  darker  and  darker,  and  the  experiments  quoted,  together 
with  others  which  we  made,  showed  that  very  great  decomposition  took  place, 
depending  on  the  time  of  heating  and  the  concentration  of  the  flask  contents. 
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PRECIPITATION   WITH   PH08PH0M0LYBDIC   AND  PHOSPHOTUNGSTIC  ACIDS> 

Pyridin  and  the  aliphatic  amins  were  found  to  yield  precipitates  so  nearly  iden- 
tical in  physical  properties,  conduct  toward  solvent,  etc.,  with  those  from  nicotin 
that  all  attempts  to  found  a  method  of  separation  upon  them  were  unavailing. 

PRECIPITATION  AS   DOUBLE   SALTS  WITH   METALLIC   ItASBS. 

In  all  cases  to  which  reference  could  bo  found  in  the  literature,  it  was  evident  that 
the  salt  in  question  was  one  of  a  series,  and  that  in  practice  the  composition  of  the 
precipitate  would  be  too  uncertain  U)  be  of  value.  No  experiments  were  made  in 
this  direction. 

PRECIPITATION   WITH    IIROMIN   AND   lODlN. 

In  neutral  or  acid  solution  nicotin  forms  insoluble  addition  products  with  brpmin 
and  iodin.  Repeated  ettbrts  were  made  to  utilize  these  facts,  but  the  precipitates 
were  in  all  cases  gummy  or  pasty,  so  filtration  was  impracticable.  Working  in  ether 
as  a  solvent  no  better  results  could  be  obtained.  The  precipitation  of  the  nicotin 
with  bromin  and  washing  it  free  from  other  substances  by  decantation  was  tried. 
The  nature  of  the  x>recipitate  made  the  process  itself  a  rather  difticult  one;  but 
farther,  the  precipitate  decomposed  on  standing  or  heating  alone,  with  water,  or 
with  alkaline  solutions,  with  the  formation  of  a  greater  or  less  amount  of  tar.  The 
recovery  of  the  nicotin  quantitatively  was  impracticable. 

Of  the  methoils  in  use  the  one  which  has  found  most  favor  with  analysts,  and 
justly  BO,  is  known  by  the  name  of  its  author  as  the  Kissling.  Briefly,  it  consists  in 
mixing  intimately  the  material  with  alcoholic  potash,  the  extraction  of  the  nicotin 
with  some  suitable  sqlvent  (ether  is  generally  recommended),  removal  of  the  solvent 
by  evaporation  at  as  low  a  temperature  as  practicable,  and  separation  of  the  nico- 
*tiu  from  the  residue  by  distilling  from  an  alkaline  solution  in  a  current  of  steam. 
A  systematic  examination  of  this  method  was  deemed  advisable,  therefore  the 
following  experiments  were  made. 

The  extraction  of  the  material  was  conducted  in  the  following  manner:  An  appa- 
ratus was  arranged,  consisting  of  a  glass  tube  with  a  cross  section  about  45  mm  in 
diameter,  about  225  mm  in  length,  drawn  ont.to  a  narrow  tube  at  the  bottom, 
and  litteil  into  a  small  Florence  flask,  about  250  oc  capacity,  with  a  well-fltting  rub- 
ber stopper.  The  larger  end  was  closed  with  a  rubber  stopper  carrying  a  long 
condenser.  The  material  to  be  extracted  was  placed  in  a  cone  or  cylinder,  made  by 
folding  a  sheet  of  lilter  paper  over  a  cylinder  of  wood  or  some  suitable  material, 
rolling  it  nntil  of  desirable  thickness,  and  then  holding  it  in  position  by  tying 
with  a  piece  of  thin  wire.  This  cylinder  was  then- placed  in  the  tube  just  men- 
tioned. The  paper  cylinder  may  be  kept  from  stopping  the  tube  by  flrst  introducing 
a  piece  of  broken  glass  or  similar  materia],  but  our  experience  showed  this  precau- 
tion to  be  required  but  very  seldom.  Wh«)n  properly  arranged,  this  is  a  most  rapid 
and  effective  instrument  for  continuous  extraction  at  a  temperature  but  little  below 
the  boiling  point  of  the  solvent,  and  has  the  advantage  of  simplicity  and  that  it 
can  be  constructed  by  anyone  with  usual  laboratory  material.  When  liquid  extracts 
were  under  investigation  they  were  first  absorbed  by  precipitated  calcium  or  mag- 
nesium carbonate  and  then  treated  in  the  usual  manner. 

Experimeni  9, 

Some  qnalitative  experiments  were  made  to  test  the  value  of  ether,  benzene, 
ligroin,  and  alcohol  as  solvents  for  extraction.  Their  desirability  for  the  purpose 
was  found  to  be  in  the  order  named,  with  a  very  decided  preponderance  in  favor  of 
the  flrst  mentioned.  A  further  description  of  these  experiments  seems  hardly  worth 
while. 
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ETperiment  10. 

^  Some  odor  of  iiicotin  was  found  to  be  present  in  material  which  had  been  snb- 
jected  to  extraction  as  above  described,  therefore  extractions  were  made  of  widely 
varying  amounts  of  material  for  a  certain  nuwber  of  hours.  The  operation  was  dis- 
continued, a  fresh  quantity  of  solvent  introduced,  and  the  contents  of  the  second 
extract  estimated.    The  results  are  here  tabulated: 


Solvent. 


traction.!     y™'   1  extraction. 


Hourt. 

Hourt. 

*Peretnt. 

12 

6  ' 

0.016 

12 

0004 

3 

0000+ 

3 

0000+ 

3 

0000+ 

3 

0000+ 

LigToin 

Benzene 

Ether { 

It  follows  that  no  appreciable  error  is  to  be  expected  from  this  source. 

We  next  tested  the  extraction  of  niootin  by  ether,  to  find  out  the  probable  error 
introdnced  by  the  evaporation  of  the  solvent.  We  had  been  using  the  device  of 
acidifying  the  extract  before  driving  off  the  ether,  but  the  result  of  the  following 
experiment  showed  this  to  be  an  unnecessary  refinement  and  further  had  the  dis- 
advantage of  retaining  ammonia  and  other  very  volatile  basic  constituents  which 
would  have  been  more  or  less  completely  removed  with  the  ether. 

Experiment  11, 

Started  with  nicotin  (Merck)  1.4186  grams  dissolved  in  25  cc  ether  (c.  p.  Squibb). 
Evaporated  slowly.    Dissolved  residue  in  water  and  made  up  to  100  cc. 
Added  40  cc  N/2  HCl  and  titrated,  requiring  39.4  cc  soda  solution. 

cc 

40  cc  N/2  acid  are  equivalent  in  soda 68.92 

Solution  equivalent  in  soda  to 39. 40 

Nicotin  equivalent  to 29.52 

29. 52  cc  alkali  equivalent  to  N/2  UCl  17.13  cc. 

29. 52  cc  alkali  equivalent  to  nicotin  1.3875  grams,  or  97.74  per  cent,  recovered 

Checked  with  the  following  experiment : 

Started  with  nicotin  (Mercb.)  0.9042  gram  made  up  to  100  cc  in  water. 

Added  20  oc  N/2  acid  equivalent  to 34. 46  cc  alkali. 

Nicotin  -{-  N/2  acid  equivalent  to 15. 60  cc  alkali. 

18. 86  cc  alkali. 
18.86  cc  alkali  are  equivalent  to  10.94  cc  N/2HsS04. 
18.86  cc  alkali  are  equivalent  to  0.8860  gram  nicutin. 
97.99  per  cent  niootin  in  original  substance. 
Loss  by  extraction  with  ether  and  evaporation,  0.25  per  cent. 
The  efficiency  of  distillation  in  a  current  of  steam  as  a  method  of  recovering  the 
niootin  was  then  tested  by  the  following  experiment: 

Experiment  12, 

Started  with  solution  containing  nicotin,  1.3867  grams. 
Added  15  co  alkali  [1.723  alk  =  1  co  N/2  acid]. 
Distilled  400  cc  into  30  cc  N/2  HjSO^. 

30  ccN/2HiS04 51. 69  oc  alkaU. 

30  cc  N/2  HjSO^  and  nicotin  in  distillate 26. 25  co  alkali. 

Nicotin  equivalent  to 25. 44  cc  alkali. 
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25.44  CO  alkali  equivalent  to  14.75  cc  N/2  acid. 

25.44  cc  alkali  equivalent  to  1.1948  grama  nicotin. 

86.1  per  cent  of  nicotin  recovered. 

Continued  distillation,  400  cc  into  10  oc  'n/2  HsSOi. 

10  cc  N/2  HiS04  required  alkali 17.23     cc 

10  CO  N/2  HiSO^  plu8  nicotin 13.20 

Nicotin  equivalent  to 4.03      cc 

4.03  oc  alkali  equivalent  to  N/2  H28O4 2. 34 

4.03  cc  alkali  equivalent  to  nicotin 0. 1893  gram 

99.81  per  cent  nicotin  recovered. 

The  practice  here  differed  ft*om  that  recommended  by  Kissling.  According  to  his 
directions  the  distillation  should  be  so  conducted  that  the  ot>n tents  of  the  flask  ft'om 
which  the  distillatio-i  is  taking  place  should  rapidly  diminish  in  volume.  But 
experience  led  us  to  believe  this  bad  practice,  on  account  of  the  probable  decomposi- 
tion of  the  nicotin  and  other  organic  nitrogen  bases  present  in  the  more  concentr{ited 
alkali.  The  above-desoribed  experiment  shows  that  a  much  larger  volume  must  be 
distilled  if  the  contents  of  the  distillation  flask  are  to  be  kept  appj'oximately  con- 
stant. We  believe  the  latter  practice  to  be  much  the  more  desirable. 
This  experiment  was  repeated,  starting  with  nicotin  and  ammonia. 

Experiment  IS. 
Took  solution  containing  nicotin  1.8826  grams  and  100  cc  solution  of  ammonia, 
equivalent  to  35  cc  N/2  HjSO^. 
Added  50  cc  soda  solution  [1.723  cc  alk.  =1  co  N/2  acid]. 
Distilled  800  cc  into  100  co  N/2  H.>S04  and  titrated  with  standard  alkali. 

100  cc  N/2  USO4  are  equivalent  to 172. 30  cc  soda. 

Distillate  is  equivalent  to 85. 50  cc  soda. 

Nicotin  and  ammonia  are  equivalent  to 86. 80 

86.80  cc  alkali  are  equivalent  to  50.38  cc  N/2  H2SO4. 

Original  solution  before  distillation  required  51  cc  N/2  H;804. 

98.79  per  cent  volatile  alkali  recovered.  That  is  to  say,  that  practically  all  the 
ammonia,  as  well  as  nicotin,  was  recovered.  But  the  following  experiments  indicate 
that  the  ammonia  is  effectively  eliminated  in  the  evaporation  of  the  solvent  from 
the  ether  extract.  The  method  employed  Is  that  of  Kis-sling  with  these  modifica- 
tions— that  the  contents  of  the  distilling  flask  are  kept  at  an  approximately  constant 
volume  and  the  distillate  is  always  aoid. 

Experiment  14. 

To  10  oc  nicotin  solution,  containing  0.35721  gram  nicotin,  added  10  cc  N/2  NHs 
and  5  cc  of  alcoholic  soda  (made  up  per  Kissling)  with  CaCOs;  extracted  with  ether  in 
continual  extraction  apparatus;  evaporated  ether  and  made  alkaline  with  soda  solu- 
tion and  distilled  with  steam  into  flask  containing  20  cc  N/2  HCl  until  400  cc  distil- 
late had  collected;  then  put  intotlask  containing  10 cc  N/2  HCl  and  continued  until 
400  cc  more  had  distilled  over. 

20  CO  N/2  HCl  equivalent  to 100      ccN/lOsoda. 

20  CO  N/2  HCl  plus  nicotin  equivalent  to 78  8  cc  N/10  soda. 

Nicotin  equivalent  to 21.2  cc  N/10  soda. 

10  CO  N/2  HCl  equivalent  to 50. 0  00  N/ 10  soda. 

10  00  N/2  -I-  niootin  equivalent  to 49. 3  cc  N/10  soda. 


=4. 


I  cc  N/2  HCl,  or  99. 32  per  cent  nicotin  recovered. 


.7ccN/10 
21. 2  CO  N/10 

21. 9  cc  N/10 
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Experiment  15, 

Started  with  solution  containing  nicotin  0. 1786  gram  (5  cc  N/2  NH^OH  solntion). 
5  cc  alcoholic  soda  (Kissliug)  absorbed  .with  sufficient  calcium  carbonate. 
Extracted  with  ether  6  hours. 

Evaporated  ether,  dissolved  residue  in  50  cc  N/10  NaOH  and  distilled  700  cc  in  25  cc 
N/2  HCl. 

25  cc  X/2  acid  equivalent  to 125  cc  N/10  alkali. 

Distillate  equivalent  to 114  cc  N/10  alkali. 

Nicotin  equivalent  to 11  cc  N/10  alkali. 

11  cc  N/10  alkali  equivalent  to  2. 2  N/2  acid. 

11  cc  X/10  alkali. equivalent  to  0.1782  gram  nicotin. 

99.  78  per  cent  were  recovered. 

Expenment  IS, 

Solution  containing  nicotin  0. 35721  gram  and  5  cc  X/2  NH4OH  solution  and  5  cc 
alcoholic  .solution  NaOH  (Kissliug).  Absorbed  mixture  with  sufficient  calcinm  car- 
bonate". Extracted  with  ether  for  three  hours.  Evaporated  ether.  Made  alkaline. 
Distilled  700  cc  into  30  cc  N  2  HCl,  aud  titrate4  back  with  alkali  solution. 

cc. 

30  cc  N/2  acid  equivalent  to 30.3 

Distillate  equivalent  to 26.0 

Nicotin  equivalent  to 4.3 

97.5  per  cent  nicotiu  recovered. 

These  results  were  satisfactory.  But  when  trimethylamin  was  present  in  the 
original  solution  it  was  not  removed  by  the  process,  and  Judging  from  the  results  of 
the  next  experiment,  the  removal  of  ammonia  was  also  very  much  less  effective. 

Experiment  17, 

Solution  containing  nicotin  0. 18549  gram  and  5  cc  trimethylamin  hydroohlorid 
(dilute  solution,  strength  unknown)  and  5  cc  N/2  NH4OH  solution  and  5  cc  alcoholic 
soda  (Kissliug). 

Absorbed  with  powdered  Mg  CO  <;  extracted  with  ether  for  upward  of  three  honrs. 
Evaporated  extract.    Dissolved* residue  in  50  cc  N/10  NaOH  solntion. 
Distilled  800  cc  with  steam  into  30  cc  N/2  HCl. 

30  ccX/2  HCl  equivalent  to 160.00  00  N/10  NaOH 

Distillate  equivalent  to 136.80 

Nicotin  equivalent  to 13.20 

13.2  N/10  NaOH  equivalent  to  2.64  N/2  HCl, 

13.2  N/10  NaOH  equivalent  to  0.21384  gram  nicotin. 

115.28  per  cent  nicotin  were  recovered. 

An  attempt  was  made  to  correct  this  determination  by  the  following  experiment: 

Experiment  18. 

Solution  containing  10  cc  trimethylamin  hydrochlorid  (dilute  solution,  strength 
unknown);  10  cc  N/2  NH^OH  solution;  5  cc  alcoholic  soda  (Kissliug). 

Absorbed  with  powdered  magnesium  carbonate. 

Extracted  with  ether  for  upward  of  three  hours.  Ether  was  evaporated  slowly, 
residue  taken  up  with  50  cc  N/10  NaOH. 

Distilled  400  cc  (with  current  of  steam)  into  20  cc  N/2  HCl. 

Titrated  back  with  N/10  NaOH. 

20  cc  N/2  HCl  are  equivalent  to 100  cc  N/10  NaOH 

Distillate  equivalent  to 98  cc 

Volatile  alkali  is  equivalent  to 2  cc 
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2  cc  N/10  are  equivalent  to  0.4  cc  N/2  HCl. 

2  cc  N/10  are  equivalent  to  0.0324  gram  nicotin. ' 

Correction  for  experiment  17 0. 01620  gram  nicotin 

.  21884  gram  nicotin 

Corrected 0. 19764  gram  nicotin,  or 

106.55  per  cent  nicotin  were  apparently  recovered.     This  indicates  a  serious  defect  in 
the  method  at  this  point. 

Attempts  were  now  made  to  eliminate  the  bases  other  than  nicotin  by  decompos- 
ing them.  Nitrous  acid  does  not,  strange  to  say,  form  a  nitroso  compound  with 
nicotin,  in  spite  of  the  generally  accepted  constitutional  formula  assigned  to  that 
compound.  Primary  amins  should  be  removed  by  decomposition  and  elimination  of 
their  nitrogen.  Secondary  amins  should  yield  easily  separated  nitroso  compounds, 
and  by  boiling  in  neutral  solutions  the  ammonia  should  decompose  entirely  into 
nitrogen  and  water.  A  large  number  of  careful  experiments  was  tried  with  these 
objects  in  view.  The  results  were  disappointing.  Tobacco  extracts  were  found  to 
contain  relatively  large  proportions  of  trimethylamin,  and  this  being  a  tertiary 
amin  was  unaffected  by  nitrous  acid.  Ammonium  nitrite  was  found  to  decompose  on 
boiling  at  a  surprisingly  slow  rate.  After  four  hours  boiling  the  solution  was  found 
to  contain  a  large  percentage  of  nndecomposed  ammonia.  This  is  now  the  subject 
of  an  independent  investigation.  Finally  the  following  experiments  will  show  that 
the  process  was  not  without  effect  on  the  nicotin  itself.    A  blank  was  run  first. 

Experiment  19. 

To  10  grams  NaNO.,  added  30  cc  H2SO4  (3  Nf). 

Slowly  heated  to  boiling.  Boiled  until  all  acid  fumes  were  removed.  Made  alka- 
line with  NaOH  solution  and  distilled  into  water  colored  with  cochineal.  Very 
slight  evidence  of  alkaline  reaction. 

Experiment  20, 
Started  with  solution  containing  0.365  gram  nicotin. 
Ailded  20  cc  N/2  YiSO^, 
Added  5  grams  NaNOi. 

Allowed  to  stand  one  hour  in  cold  with  occasional  shaking. 
Added  50  cc  alkali  [1.723  co  alk.  =  1  cc  N/2  acid.] 
Distilled  with  steam  until  about  300  cc  had  come  over,  distilling  into '30  cc  N/2 

30  cc  N/2  HaSO^  equivalent  to 51.69cc  alkali 

Distillate  equivalent  to 44. 50  cc  alkali 

Nicotin  equivalent  to 7. 19  cc  alkali 

7.19  cc  alkali  are  equivalent  to  4.17  cc  N  2  H;SO|. 
7.19  CO  alkali  are  e<(uivalent  to  0.3377  gram  nicotin. 
92.5  i)er  cent  nicotin  were  recovered. 

Experiment  SI, 

Started  with  solution  containing  nicotin  0.3547  gram. 

Added  20  cc  N/2  H.8O4. 

About  5  grams  NaNOj. 

Stood  one  hour. 

Made  alkaline  with  50  cc  NaOH  Bolution  [1.723  cc  alk.  ==  1  cc  N/2  acid.] 

Distilled  with  steam  (until  about  300 cc  came  over)  into  30  cc  N/2  H^SO^. 

30  cc  acid  equivalent  to 51.69  cc  alkali 

30  cc  acid  and  nicotin  equivalent  to 45.  90  co  alkali 

Nicotin  equivalent  to 5.79  cc  alkali 

5.79  cc  alkali  are  equivalent  to  3.36  cc  N/2  H.SO4. 
5.79  CO  alkali  are  equivalent  to  0.2722  gram  nicotin. 
76.7  per  cent  nicotin  recovered. 
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Experiment  2S. 

Started  with  solution  containing  nicotin  0.7171  gram. 

Added  18  cc  acid  N/2  HiSO,. 

Added  10  grams  NaNO^  and  allowed  to  stand  over  night. 

Made  alkaline  with  50  cc  soda  solution,  [1.723  alk.  =  1  cc  N/2  acid.] 

Distilled  800  cc  into  flask  containing  60  cc  N/2  H^SO^. 

60ccN/2  HiSOn  equivalent  to , 103.38cc  alkali 

60  cc  N/2  HcSO^  and  nicotin  equivalent  to 89. 50  cc  alkali 

Nicotin  equivalent  to 13. 88  cc  alkali 

13.88  cc  alkali  equivalent  to  8.03  cc  N/2  nSO^. 

13.88  cc  alkali  equivalent  to  0.6521  gram  nicotin. 

90.93  per  cent  nicotin  were  recovered. 

Continued  distillation,  400  cc  into  flask  containing  10  cc  N/2  H-2SO4. 

10  cc  N/2  H,,S04  equivalent  to 17. 23  cc  alkali 

10  cc  N/2  HaSO^  and  nicotin  equivalent  to 17. 23  c«^  alkali 

No  nicotin  in  distillate. 

Apparently  the  nicotin  is  oxidized  more  or  less,  depending  on  the  conditions.  The 
attempt  was  made  next  to  get  rid  of  the  ammonia,  etc.,  by  treatment  with  sodiam  hy- 
pobromite  and  calcium  hypochlorite,  but  decomposition  of  the  nicotin  made  farther 
attempts  to  apply  the  method  useless.  Further,  the  necessity  of  working  in  alkaline 
solutions  made  a  large  error  by  loss  of  nicotin  very  probable.  It  was  not  possible, 
of  course,  to  acidify  the  solutions  for  the  purpose  of  transferring  them,  etc.,  in  view 
of  the  experiment  with  broniin,  referred  to  above. 

Ammonium  oxalate  is  Insoluble  in  alcohol,  and  comparatively  so  in  aqueous  alco- 
hol, if  the  relative  amount  of  water  present  be  not  large.  Nicotin  oxalate  and  the 
oxalates  of  organic  bases  generally  are  quite  soluble.  In  order  to  test  this  as  a 
method  of  separation,  the  solubility  of  the  ammonium  oxalate  was  determined  in 
the  following  experiments: 

Experiment  23. 

Solution  of  ammonium  oxalate  in  99  per  cent  alcohol. 

Saturated  solution  of  ammonium  oxalate  in  alcohol 

at  17.5^0 79. 6365  grams 

Evaporated,  residue  weighed 9. 0097  grams 

Solvent  weighed 79. 6348  grams 

Equivalent  to  0.0169  gram  ammonium  oxalate  in  a  liter,  or  1  part  ammouinm 
oxalate  is  soluble  in  46,844  parts  99  per  cent  alcohol  at  17.5<^  C. 

Experiment  24, 

Solution  of  ammonium  oxalate  in  78  per  cent  alcohol. 

Saturated  solution  at  18.50  weighed 79. 2150  grams 

Evaporat(»d,  residue  weighed 0.0177  gram 

Solvent  weighed 79. 1973  grams 

Equivalent  to  0.18  gram  in  1  liter,  or  1  part  ammonium  oxalate  is  soluble  in 
4,475  parts  78  per  cent  alcohol.  In  view  of  these  results  the  attempt  was  next  made 
to  separate  ammonia  from  nicotin,  with  the  following  results: 

Took  solution  of  nicotin  in  water  equivalent  to  12  cc  N/2  HCl. 

Took  solution  of  ammonia  equivalent  to  8  cc.    Volume  of  mixture  about  35  cc. 

Added  98  per  cent  alcohol,  about  350  cc,  and  a  saturated  solution  of  oxalic  acid 
in  alcohol  until  marked  acid  reaction.     The  whole  was  then  cooled  with  ice  water, 
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being  shaken  from  time  to  time.  The  ammonium  oxalate  formed  was  then  sep- 
arated by  tiltration,  with  aid  of  the  pump,  and  washed  with  98  per  cent  alcohol. 
The  filtrate  and  washings  were  then  evaporated  to  small  volume,  the  residue  made 
up  to  about  400  cc  with  water,  the  solution  made  slightly  alkaline  and  distilled 
in  a  current  of  steam.  The  distillate  required  11.82  cc  N/2  HCl  to  neutralize,  or  98.5 
per  cent  nicotin  were  recovered.  This  experiment  was  repeated.  Distillate  required, 
11.9  cc  N/2  IlCl  to  neutralize  it,  or  99.1  per  cent  nicotin  were  recovered. 
Estimation  of  nicotin  in  a  tobacco  extract  which  also  contained  much  ammonia: 

Per  cent. 

By  treatment  with  sodium  nitrite 14.  60 

By  treatment  with  sodium  nitrite 18. 44 

By  treatment  with  sodium  nitrite 9. 66 

By  treatment  with  sodium  nitrite 10. 64 

By  treatment  with  sodium  nitrite 8.57 

By  treatment  with  sodium  nitrite 17. 88 

By  Kissling 13.59 

By  Kissling 12.46 

Separation  of  ammonia  as  oxalate .-. 5. 95 

Separation  of  ammonia  as  oxalate 6. 00 

The  following  conclusions  seem  warranted  by  the  facts  just  presented: 

I.  Up  to  the  present  time  no  reliable  method  for  the  separation  of  nicotin  from 
ammonia  and  other  organic  bases  by  precipitation  has  been  suggested. 

II.  A  complete  extraction  of  nicotin  by  ether  and  some  other  solvents  is  rec4ily 
accomplished.  ' 

I  [I.  An  evaporation  of  an  ether  extract  affords  a  practicable  separation  from 
ammonia  alone,  but  not  from  other  organic  bases. 

IV.  In  a  separation  by  distillation  with  a  current  of  steam,  it  is  preferable  to  keep 
the  volume  in  the  distillation  flask  approximately  constant.  Much  larger  distillate 
is  required  in  order  to  effect  a  complete  separation  than  is  usually  supposed. 

V.  No  method  of  separation  by  decomposition  of  accompanying  bodies  has  been 
found  practicable. 

VI.  A  separation  of  nicotin  from  ammonia  by  means  of  alcoholic  oxalic  acid  can 
be  effectively  accomplished. 

VII.  The  presence  of  tertiary  amins,  and  possibly  some  pyridin  derivatives  in 
tobacco  extracts,  is  as  yet  an  insurmountable  difficulty  in  the  separation  or  estima- 
tion of  nicotin. 

Professor  Win  ton  also  reported  the  following  moditicatiou  of  the  Kissling  method: 

A  METHOD  >VITHOUT  EXTRACTION. 

I  devised  this  method  with  the  idea  that  for  commercial  purposes  Kissling's  pro- 
cess, in  the  case  of  extracts,  could  be  considerably  shortened.  The  details  are  as 
follows:  From  1  to  6  grams  of  the  extract  are  weighed  into  a  400  cc  flask  having  a 
mouth  3  cm  in  diameter.  If  the  solution  be  so  thick  as  not  to  flow  easily  it  is  diluted 
with  1  cc  of  water.  One  co  of  a  merely  saturated  solution  of  caustic  soda  is  then 
a<lded  and  by  gentle  agitation  mixed  as  completely  as  possible  with  the  extract. 
The  following  experiments  indicate  that  all  the  ammonia  is  removed  after  standing 
without  corking  at  the  room  temperature  for  twenty- four  hours.  Two  1  cc  portions 
of  30  per  cept  ammonia  treated  by  this  process  with  1  cc  of  soda  yielded  after  stand- 
ing twenty-four  hours,  on  distillation  with  50  cc  N/10  caustic  soda,  distillates  which 
neutralized  respectively  0.15  and  0.20  co  N/10  snlphuric  acid.  A  solution  of  pure 
nicotin  gave  by  this  method  12.66  per  cent  and  13. 17  per  cent  nicotin,  while  a  weighed 
portion  of  the  same  solution  mixed  with  1  cc  30  per  cent  ammonia  gave  12.91  per 
cent.    In  the  table  are  given  results  after  standing  with  the  strong  soda,  24,  48,  72 
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and  100  hoars,  which  show  a  loss  from  <lay  to  day,  dne  probably  to  volatilization  of 
nicotin.  After  tbe  first  twenty-foar  hours  the  loss  was  inconsiderable  (about  0.5  per 
cent  for  each  twenty-four  hoars)  considering  the  errors  incident  to  titration. 

Notwithstanding  this  loss,  the  results  after  standing  with  the  strong  soda  twenty- 
four  hours  are  somewhat  higher  than  by  the  Kissling  method.  This  may  be  due  in 
part  to  incomplete  removal  of  ammonia,  but  I  am  convinced  that  this  excess  con- 
sists chiefly  of  pyridin  bases  or  some  other  difficultly  volatile  alkaline  substances. 

Perhaps  the  experiments  which  I  have  cited  to  show  that  ammonia  is  completely 
driven  off  from  a  solution  by  treatment  with  strong  soda  for  twenty-four  hours  may 
not  prove  the  point.  Ammonia  water  and  soda  mix  perfectly,  whereas  a  solution  of 
nicotin,  when  treated  with  soda,  at  once  separat'CS  into  an  oily  nicotin  layer,  which 
floats,  and  an  aqueous  solution.  This  separation  may  prevent  perfect  contact  of  the 
soda  with  the  amraoniacal  solution,  or  the  nicotin  layer  may  interfere  with  the  vola- 
tilization of  the  alkali.  I  think,  however,  that  the  results  indicate  that  the  ammonia 
is  removed  and  that  the  whole  trouble  with  both  the  Kissling  method  and  the 
method  without  extniction  is  that  pyridin  bases  are  present  in  the  nicotin  distil- 
late, the  quantity  being  greater  in  the  latter  case.  As  the  pyridin  bases  are 
most  of  them  rank  poisons,  it  may  be  urged  with  reason  that  the  value  of  tobacco 
extracts  does  not  depend  entirely  on  the  nicotin,  and  therefore  a  conventional 
method  should  be  employed  which,  like  tbe  above,  includes  with  the  nicotin  the 
largest  amount  of  other  poisonous  bases. 

The  results  of  all  the  w.  rk  that  has  been  done  show  very  clearly  that  more  accu- 
rate methods  should  be  secured  for  the  determination  of  nicotin  in  tobacco.  The 
tobacco  dips  are  of  very  great  importance  and  usefulness  in  the  treatment  of  sheep 
for  scab.  When  these  tobacco  dips  are  used  for  this  purpose  it  is  important  to  not« 
what  percentage  of  nicotin  is  present  in  the  solution  used  in  order  to  be  sure  that 
there  is  sufiicient  quantity  to  have  the  desired  effect,  and  at  the  same  t.ime  not  too 
large  an  amount  to  injure  the  animal.  I  would  suggest,  therefore,  that  a  committee 
or  reporter  be  appointed  by  the  association  in  order  to  see  if  some  method  can  be 
devised  which  shall  be  considered  as  thoroughly  standard  and  reliable  as  methods  in 
other  lines  of  work  which  have  been  adopted  and  approved  by  the  Association  of 
Official  Agricultural  Chemists. 

At  tbe  conclusion  of  the  reading  of  the  paper  it  was  voted  that  a 
referee  and  associate  referee  be  appointed  on  insecticides,  to  which  the 
matters  left  in  doubt  as  indicated  in  the  above  paper  should  be  referred. 

The.  president  then  called  upon  Mr.  E.  W.  Allen  for  tbe  report  of  Ibe 
abstract  committee,  wbicb  was  presented,  as  follows: 

EEPOET  OF  THE  COMMITTEE  ON  ABSTEAOTS. 

Mr.  Prksident  and  Members  of  the  Association:  Your  committee  has  the  honor 
to  report  that  its  woik  during  the  past  year  has  been  conducted* on  the  same  genend 
plan  as  in  previous  years.  Immediately  after  the  appointment  of  the  members  of  the 
committee  correspondence  was  instituted  to  ascertain  what  journals  were  accessible 
to  each  member.  Following  this  an  assignment  of  the  journals  was  made  to  tbe 
individual  members,  with  a  view  to  distributing  the  work  as  evenly  aa  circumstances 
would  permit.  Tbe  following  is  a  copy  of  the  letter  sent  to  each  member  of  the 
committee,  indicating  the  assignment  of  journals  and  making  suggestions  for  the 
work: 

November  23, 1897. 


Dear  Sir:  The  following  is  a  list  of  the  periodicals  assigned  to  the  different 
members  of  the  abstract  committee  for  1897-98 : 

E,  W,  Alien:  Forsch.  Ber.  Lebensmtl. ;  Ztschr. Nahr.  Untersuch.  u.  Hyg. ;  abstracts 
in  Analyst,  Chem.  Centbl.,  and  Chem.  Ztg.  Repert. 

J.  T,  Anderson :  Chem.  Ztg. ;  Jour,  prakt.  Chem. ;  Amer.  Jour.  Sci. 
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W.  H,  Beat:  Bnl.  Soc.  Chim.  Paris;  Compt.  Rend.  Acad.  Sci.  Paris;  Forsch.  Geb.  Agr. 
Phys. ;  Ztschr.  anorgan.  Cbein. ;  abstraots  i&  Jour.  Cheni.  Soc.  [London]. 

B,  H.  Hite:  Chem.  News;  Bui.  Assn.  Beige.  Cbim. ;  Jour.  Pharm.  et  Chim. 

J.  B.  Lindney :  Ztschr.  angew.  Chem. ;  Ztschr.  pbysiol.  Chem. ;  Jour.  Landw. 

L,  B,  Merrill:  Ztschr.  analyt.  Chem. ;  Jour.  Cnem.  Soc.  [London] ;  Analyst. 

A,  A,  Persons :  Jour.  Amer.  Chem.  Soc. ;  Rev.  Chim.  Analyt.  et  Appl. 

•/.  P,  Street:  Amer. Chem.  Jour. ;  Jour.  Soc.  Chem. Ind.;  Landw. Vers.  Stat.;  Ber. 
deut.  chem.  Gesell. 

F.  W,  Wall:  Scandinavian  periodicals;  Milch  Ztg.;  Neue  Ztschr.  RUbenz.  Ind. 

It  NYiU  be  understood  that  this  committee  undertakes  to  abstract  only  articles 
relating  to  methods  and  apparatus  for  agricultural  analysis.  In  this  field  it  is  very 
desirable  that  everything  contained  in  the  journals  assigned  should  be  either 
abstracted  or  listed  by  title,  with  a  few  words  of  explanation,  according  to  the 
importance  of  the  article.  In  case  you  do  not  desire  to  become  responsible  for  all  of 
the  journals  assigned  to  you  will  you  please  notify  the  chairman  at  once,  so  that 
other  arrangements  may  be  made.  The  Oiiice  of  Experiment  Stations  desires  to  make 
the  review  of  methods  of  agricultural  analysis  ao  complete  as  possible,  and  to  that 
end  will,  as  heretofore,  supplement  the  work  of  the  abstract  committee. 

It  has  been  thonght  best  to  have  the  work  of  the  new  committee  begin  with  jour- 
nals issued  on  or  aner  October  15,  1897.  For  the  form  of  statement  of  the  abstract 
reference  is  made  to  Experiment  Station  Record.  In  giving  the  reference  please 
state  the  name  of  the  periodical,  using  the  abbreviations  given  above,  the  volume 
number  in  figures,  the  year  in  parentheses,  the  number  within  the  volume  (Xo., 
Heft,  Fasc,  etc  ),  and  the  pages  (beginning  and  end  of  the  article)  with  the  number 
of  figures.  The  length  of  the  abstract  should  be  governed  by  the  impoii;ance  and 
value  of  the  article,  so  far  as  practicable.  Articles  not  deemed  worthy  of  abstract- 
ing should  be  listed  by  title;  usually  a  few  wordH  of  explanation  of  the  nature  of  the 
article  may  be  added*  with  advantage.  Abstract  only  the  original  papers  in  the 
journals  assigned,  as  the  abstracts,  where  the  journals  contain  such,  are  provided 
for.  Please  take  pains  to  give  full  references  and  to  write  all  names  and  technical 
terms  plainly.     The  abstracts  should  be  signed  by  the  abstractor. 

Both  on  aVconnt  of  the  increased  value  and  the  convenience  in  publishing  the 
abstracts,  it  is  desirable  that  the  work  should  be  kept  well  up  to  date  and  not 
allowed  to  accumulate.  There  is  necessarily  considerable  delay  in  publishing  the 
Experiment  Station  Record,  as  is  the  case  with  most  Government  publications. 

I  send  you  herewith  a  supply  of  franked  envelopes  to  be  used  in  sending  in 
material.    Others  can  be  procured  as  needed. 

Very  respectfully,  yours,  E.  \V.  Allen,  Chairman. 

The  publication  of  the  abstracts  made  by  the  new  committee  began  in  Experiment 
Station  Record,  Vol.  IX,  No.  4,  and  has  continued  quite  regularly  through  the  year 
up  to  Vol.  X,  No.  3,  which  is  now  in  press.  The  printed  work  of  the  committee 
occupies  about  60  pages.  The  effort  has  been  to  confine  the  work  more  strictly  than 
heretofore  to  methods  and  apparatus  for  agricultural  analysis  in  a  broad  sense. 

Two  of  the  members  of  the  committee  were  obliged  to  withdraw  from  the  work 
early  in  the  year  before  scarcely  anything  had  been  done,  and  in  some  individual 
cases  it  has  not  been  possible  to  keep  the  abstracting  up  to  date.  In  such  cases  the 
attempt  has  been  made  to  so  supplement  the  work  in  the  Office  of  Experiment  Sta- 
tions, that  the  abstracting  of  the  journals  would  not  be  allowed  to  fall  behind  to 
any  considerable  extent.  It  is  believed  that  in  most  lines  the  field  has  been  covered 
in  a  general  way  and  that  the  work  is  quite  well  up  to  date. 

E.  W.  Allen, 

J.  T.  Anderson, 
W.  H.  Beal, 
B.  H.  Hite, 

J.  B.  LiNDSEY, 

L.  H.  Merriix,    , 
A.  A.  Persons, 
J.  P.  Street, 

F.  W.  WOLL, 

Committee, 
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The  report  of  the  committee  ou  food  standards  was  next  called  for, 
and  read  by  Mr.  William  Frear,  as  follows : 

EEPORT  or  THE  OOMMITTEE  ON  FOOD  STANDAED8. 

STANDARDS. 

At  the  session  of  1897  this  association  appointed  Messrs.  H.  W.  Wiley,  E.  H.  Jen- 
kins, M.  A.  Scovell,  H.  A.  Weber,  and  William  Frear  as  a  committee  on  food  standards 
to  consider  the  practicability  of  compiling,  for  the  use  of  the  increasing  proportion 
of  the  association's  membership  charged  with  tho  duty  of  official  food  control,  all 
accessible  and  trustworthy  chemical  and  physical  data  as  to  the  composition  of  foods 
and  drinks  for  man  and  domestic  animals  offered  for  sale  on  the  American  market. 
This  committee  was  authorized  to  initiate,  without  fui  ther  action  by  the  association, 
any  such  work  as  it  might  deem  practicable  and  useful. 

Your  committee  presents  herewith,  as  a  report  of  progress,  the  following  state- 
ments : 

Your  committee,  as  the  result  of  personal  conference  and  correspondence,  was  unani- 
mously of  the  opinion  that  European  standards  were  not  universally  applicable  to 
American  food  stuffs,  and  that  the  chemical  methods  employed  by  food  analysts  in 
other  countries  to  determine  the  purity  or  the  character  of  adulteration  of  foods 
were  not  always  to  be  relied  upon  by  American  analysts,  for  the  reason  that  in  this 
country  processes  of  food  manufacture  and  adulteration  are  in  vogue  different,  in 
many  instances,  from  those  practiced  elsewhere. 

The  desirability  of  the  compilation  of  authoritative  data  which  might  serve  to  the 
food  analyst  and  manufacturer  the  same  purpose  as  that  portion  of  the  Vnitcsd  States 
Pharmacopoeia  relating  to  the  composition  and  purity  of  drags  serves  to  the  phar- 
macist was  recognized,  and  it  was  deemed  important  that  such  compilation  should 
be  begun  without  further  delay.  The  attempt  to  formulate  a  set  of  standards,  except 
upon  the  basis  of  such  a  compilation,  is  regarded  as  premature  and  likely  to  cause 
confusion,  though  already  accessible  data  make  possible,  for  most  of  the  important 
foods,  the  early  formulation  of  a  set  of  provisional  standards. 

Your  committee,  therefore,  decided  to  organize  at  once  the  work  of  compiling  from 
the  best  selected  sources  the  following  data: 

1.  The  maximum,  minimum,  and  average  proportion  of  the  most  characteristic 
components  in  normal  food  substances,  which  in  kind  and  proportion  boat  serve  to 
show  the  source  of  the  product  and  which,  in  samples  of  unknown  origin,  best  show 
whether  they  are  pure  or  have  been  in  any  way  tampered  with. 

2.  The  variations  in  these  proportions  due  to  differences  in  origin  or  treatment,  as 
place  of  growth,  stage  of  development,  method  of  manufacture,  etc.* 

3.  Data  showing  the  maxima  for  injurious  constituents  that  occur  naturally  in 
food  products,  and  indicating  the  maximum  limits  beyond  which  such  substances, 
introduced  incidentally  during  manufacture  or  to  serve  as  preservatives,  coloring 
agents,  etc.,  can  not  be  allowed  to  pass  without  menace  to  the  health  of  the  con- 
sumer. 

For  the  better  prosecution  of  this  work  the  cooperation  of  the  leading  food  chemists 
of  America  and  foreign  countries  was  invited. 

The  preliminary  organization  of  the  work  consisted  in  the  appointment  of  three 
subcommittees. 

(A)  To  formulate  rules  to  govern  the  selection  of  data,  fix  upon  forms  for  their 
arrangement,  and  establish  regulations  needful  for  the  bibliographic  completeness  of 
the  work,  so  that  the  critical  character  of  the  work  may  be  maintained,  that  it  may 
itself  invite  intelligent  criticism,  and  that  the  interpretation  of  data  may  be  sim- 
plified, so  far  as  possible.  Also,  to  classify  the  subject-matter  so  that  it  may  be  satis- 
factorily subdivided  and  assigned  to  several  editors  and  subeditors.  Subcommittee: 
Messrs.  Frear,  Scovell,  and  Wiley. 

(B)  To  prepare  for  the  use  of  the  committee  a  complete  directory  of  official  food 
chemists — national,  State,  and  municipal,  American  and  foreign.  Subcommittee: 
Messrs.  Weber,  Jenkins,  and  Wiley. 
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(C)  To  prepare  an  analytical  digest  of  existing  food  legislation :  Messrs.  Jenkins, 
Scovel],  and  Wiley. 

Sabcommittee  A  having  recommended  a  claasifioation  of  the  entire  subject-matter 
of  foods  and  drinks,  referees  or  editors  were  appointed,  as  follows,  to  work  upon  the 
compilation  of  analytical  data  and  recommend,  after  consultation  with  all  trade 
interests  directly  aitected,  suitable  definitions  and  standards  for  the  several  food 
substances : 

I.  Animal  Products: 

I  Meat— 
(a)  Raw,  canned,  pickled,  nalted,  smoked,  sausage, 
(b)  Meat  extracts,  peptones,  etc. 
(c)    Lard. 
(d)  Eggs. 
Kel'eree,  Dr.  Charles  D.  Woods,  director,  Maine  Agricultural  Experiment  Sta- 
tion, Orono,  Me. 

Milk  and  Us  ^aroducis — 

(a)  Milk,  skim  milk,  cream,  bntter,  buttermilk,  cheese,  whey,  koumiss, 
condensed,  sterilized,  pasteurized,  consei-ved  milk. 

(b)  Ice  cream  and  ices. 

(c)  Infant  foods. 

(d)  Butter  substitutes  and  cheese  sub.stitutes. 
Referee,  Dr.  L.  L.  Vau  Slyke,  chemist,  New  York  Agricultural  Experiment 

Station,  Geneva,  N.  Y. 

II.  Vegetable  Products: 

{Grains  and  their  products — 
(a)  Cereals  and  legumes.    Flour.     Prepared  meals  and  .starches. 
(b)  Bread  and  pastry,  pnddiugs,  etc. 
(t)  Cattle  foods. 
Referee,  Dr.  J.  B.  Liudsey,  chemist,  Massachusetts  Agricultural  Experiment 
Station,  Amherst,  Mass. 

D.  Fruit  and  vegetables — Dried,  canned,  preserved,  fruit  butters,  jams,  etc. 
Referee,  Prof.  H.  A.  Weber,  chemist  to  Dairy  and  Food  Commissioner.  Colum- 
bus. Ohio. 

Sugar  and  related  substances — 

(a)  Sugar,  molasses,  sirups — cane,  sorghum,  maple,  refinery,  glucose,  etc. — 
■pi  solid  glucose. 

*  ^  (b)  Confectionery. 

(c)  Honey. 

(d)  Other  sweetening  agents. 
Referee,  Prof.  M.  A.  Scovell,  director,  Kentucky  Agricultural  Experiment  Sta- 
tion, Lexington,  Ky. 

ICondimtnts  (except  vinegar) — 
(a)  Spices. 
(b)  Fruit  extracts  and  artificial  flavors. 
(c)   Snladoils. 
(d)  Salt. 
Referee,  Dr.   A.  L.  Winton,  chemist,  Connecticut  Agricultural  Experiment 
Station,  New  Haven,  Conn. 
Drinks  and  vinegar — 

(a)  Infusions — tea,  coffee,  cocoa,  chocolate,  cereals. 

(b)  Fruit  juices,  fresh  and  sweetened.     Fermented  fruit  juices — cider, 
perry,  wine. 

G.^  (c)  Vinegar. 

(d)  Mead,  root  beer,  etc. 

(e)  Malted  liquors. 

(f )  Spirituous  liquors. 

(g)  Carbonated  and  other  similar  beverages. 
Referee,  Dr.  Charles  A.  Crampton,  chemist.  Bureau  of  Internal  Revenue,  Wash- 
ington, I).  C. 

I  Substances  arttficially  introduced  with  possible  ipjury  to  health — 
(a)  Preservatives. 
(b)  Coloring  matters. 
(c)  Metals  and  metallio  salts, 
(d)  Other  injurious  snbstniicea 
Referee,  Prof.  H.  A.  Huston,  State  chemist  of  Indiana,  Lafayette,  Ind. 
17582— No.  3ij 9 
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Sabcommlttee  also  submittod  to  the  several  editors  a  statement  relative  to  the 
selection  of  data,  the  form  m  which  they  should  be  recorded  with  highest  value  for 
reference  and  critical  examination,  and  to  the  principles  of  formnlation  of  siandatds 
approved  by  the  committee.  Full  consultation  with  all  trade  interests  concerned 
was  especially  requested  in  the  framing  of  definitions  and  formulation  of  standards. 

Owing  to  the  magnitude  of  this  work  it  is  not  possible  as  yet  for  the  editors  to 
announce  the  full  organization  of  their  respective  divisions  of  the  work. 

The  committee  may,  however,  announce  that  it  is  already  in  receipt  of  a  most 
valuable  compilation  of  existing  data  relative  to  the  composition  of  American  and 
European  salad  oils,  by  Prof.  G.  E.  Colby,  of  the  University  of  California;  that 
Prof.  F.  W.  Woll,  of  the  University  of  Wisconsin,  is  now  engaged  upon  an  extensive 
study  of  table  and  dairy  salts  upon  which,  together  with  previously  t»xisting  data, 
he  hopes  to  oft'er  recommendations;  also,  that  Mr.  A.  L.  Winton,  owing  to  the  dearth 
of  American  analyses  of  spices  imported  into  this  country,  has,  through  the  courtesy 
of  a  number  of  New  York  and  Boston  importers,  sampled  in  original  package  more 
than  100  lots  of  the  various  spice  materials  and  is  now  engaged  upon  their  chemical 
and  microscopic  examination.  The  stimulation  and  suggestion  of  new  and  important 
lines  of  food  investigation  indeed  promise  to  be  of  the  most  important  results  of  the 
labors  of  the  committee. 

It  is  with  pleasure  that  the  committee  notes  the  cordial  cooperation  of  many  of 
the  leading  manufacturers  of  the  country  in  assisting  the  several  referees  in  tbeir 
laborious  task. 

In  closing,  your  attention  is  called  to  the  action  of  the  National  Pure  Food  and 
Drug  Congress,  that  met  in  this  city  on  March  3  to  5  last,  composed  of  delegates 
represesenting  most  of  the  food  trade,  health  and  food  control  interests  of  America. 
This  congress  distinctly  approved  the  enactment  of  a  law  establishing  a  commis- 
sion to  be  composed  of  representatives  appointed  by  the  Association  of  Official 
Agricultural  Chemists,  together  with  others  appointed  by  the  American  Chemical 
Society  and  of  physicians,  to  be  appointed  by  the  President  of  the  United  States 
from  the  Surgeon- General's  bureaus  of  the  War  and  Navy  Departments;  which  com- 
mission shall,  upon  request  from  the  Secretary  of  Agriculture,  and  after  due  hearing 
of  all  trade  interests,  recommend  to  the  Secretary  of  Agriculture^  for  use  in  United 
States  courts,  standards  for  such  food  substances  as  he  may  name. 

In  view  of  the  general  demand  for  the  prosecution  of  the  work  intrusted  to  your 
committee  and  of  the  laborious  nature  of  the  tasks  assumed  by  the  several  editors 
and  subeditors,  the  committee  bespeaks  for  each  of  them  the  most  cordial  coopera- 
tion of  every  member  of  the  association. 

H.  W.  Wiley,  Chairman. 
H.  A.  Weber. 

M.  A.  SCOVELL. 

E.  H.  Jknkiks. 

WiLUAM  FrEAR. 

The  report  of  the  committee  on  food  standards  was  adopted,  and  it 
was  voted  that  the  committee  be  continued  for  the  purpose  of  complet- 
ing the  work. 

Mr.  H.  J.  Wheeler  then  read  the  following  report  of  the  committee 
on  uniform  methods  of  fertilizer  control : 

EEPOET  OF  COMMITTEE  ON  UUITORM  METHODS  OF  FEETELIZEE  OONTBOL 

STATEMENT  OF  PRINCIPLES. 

(1)  All  substances  containing  nitrogen,  potash,  or  phosphoric  acid  sold,  offered, 
or  exposed  for  sale  for  manurial  purposes,  excepting  the  dung  of  domestic  animals 
when  sold  as  such,  should  bo  subjected  to  inspection. 

(2)  Each  package  of  manurial  substance  as  above  defined  sold,  offered,  or  exposed 
for  sale  should  bear  a  printed,  legible  guaranty. 
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(3)  The  uumber  of  net  ponndfi  in  each  package  should  be  stated. 

(4)  Each  package  should  bear  the  brand,  name,  or  trade-mark,  and  the  name  and 
address  of  the  manufacturer. 

(5)  The  quantities  of  manurial  ingredients  should  be  expressed  in  percentages. 

(6)  The  guaranteed  statements  on  the  packages  or  forwarded  to  the  inspectors 
need  not  be  in  the  form  of  an  affidavit. 

(7)  Sealed  samples  of  fertilizers  offered  for  sale  need  not  be  sent  by  the  manufac- 
turers to  the  inspectors. 

(8)  In  lots  of  5  tons  or  less  samples  should  be  drtrwn  from  at  least.  10  packages, 
or  if  less  than  10  packages  are  present  all  should  be  sampled;  in  lots  of  over  5  tons 
not  less  than  20  packages  should  be  sampled. 

(9)  Duplicate  samples  should  be  drawn  and  sealed  in  the  presence  of  the  party  or 
parties  in  interest  or  their  representatives,  one  of  the  samples  to  be  taken  by  the 
collector  and  the  other  left  with  the  party  whose  goods  were  inspected,  subject  to 
the  call  of  the  manufacturer. 

(10)  Total  nitrogen  should  be  guaranteed  in  all  cases,  and  nitrogen  iu  the  form  of 
nitrates  or  of  ammonium  salts  should  bo  guaranteed  separately  if  the  manufacturer 
desires  credit  therefor. 

(11)  Total  phosphoric  acid  should  be  guaranteed  in  all  cases,  and  soluble  reverted 
and  insoluble,  separately,  if  the  manufacturer  desires  credit  therefor. 

(12)  Potassium  should  be  guaranteed  as  potash  (potassium  oxid)  soluble  in  water. 

(13)  When  chlorin  is  present  in  fertilizers,  manufacturers  shall  guarantee  the 
maximum  percentage  thereof. 

(14)  Only  statements  of  the  minimum  amount  of  the  substances  present,  except  in 
the  case  of  chlorin,  should  be  made.  For  example,  instead  of  guaranteeing  from  2 
to  4  per  cent  of  potash  guaranties  should  read  thus:  2  per  cent  of  potash. 

(15)  It  should  be  specified  that  the  methods  of  the  Association  of  Official  Agricnl- 
tnral  Chemists  should  be  used  for  official  work. 

(16)  An  imprisonment  clause  for  violation  of  fertilizer  laws  should  be  omitted. 

(17)  Manufacturers  should  not  be  obliged  to  secure  bondsmen. 

(18)  Commercial  valuations  should  not  be  affixed  to  the  published  analyses  of 
manurial  substances. 

(19)  A  definition  of  the  term  "brand"  should  be  inserted  wherever  a  brand  tax  is 
assessed. 

(20)  The  guaranty  should  state  the  ingredients  guaranteed,  in  the  following  form 
and  order : 

Per  cent  phosphoric  acid  soluble  in  water. 
Per  cent  phosphoric  acid  reverted. 
Per  cent  phosphoric  acid  insoluble. 
Per  cent  phosphoric  acid  total. 
Per  cent  nitrogen  in  nitrates. 
Per  cent  nitrogen  as  ammonia. 
Per  cent  nitrogen  total. 
Per  cent  potash  soluble  in  water. 
Per  cent  chlorin. 
Ingredients  not  present  should  be  omitted  from  the  guaranty  and  no  other  form  of 
statement  should  be  interpolated. 

It  is  further  recommended  that  this  committee  be  continued  as  a  standing  com- 
mittee on  fertilizer  legislation. 

H.  W.  Wiley,  Chairman, 

B.  W.  KlLGOMJ. 

H.  B.  McDoiTOELL. 
H.  A.  Huston. 
B.  B.  Ross. 
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The  committee  ax)pointed  by  the  Association  of  American  Agricul- 
tural Colleges  and  Experiment  Stations  to  confer  with  the  committee 
from  the  Association  of  OflScial  Agricultural  Chemists  on  uniformity 
in  fertilizer  laws,  concurs  with  the  committee  in  recommending  the 
adoption  of  the  above  report  as  a  guide  which  should  be  followed  by 
the  several  States  in  tlie  enactment  of  fertilizer  laws  and  by  the  Con- 
gress of  the  United  States  should  a  law  regulating  interstate  traflSc  in 
commercial  fertilizers  be  enacted.  H,  J.Wheeler,  Chairman;  H.  P. 
Armsby,  E.  H.  Jenkins,  M.  A.  Scovell,  C.  D.  Woods,  committee. 

The  thanks  of  the  association  were  given  to  the  Secretary  of  Agri- 
culture, the  retiring  president,  the  secretary  of  the  association,  the 
Cosmos  Club,  and  President  Whitman  and  Dean  Munroe  of  the 
Columbia  University. 

The  convention  adjourned  at  1  p.  m..  to  meet  at  time  and  place  to  be 
selected  by  the  executive  committee. 
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CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICUL- 
TURAL CHEMISTS. 


(1)  This  association  shall  be  known  as  the  Association  of  Official  Agricnltnral 
Chemists  of  the  United  States.  The  objects  of  the  association  shall  be  (1)  to  secure 
uniformity  and  accuracy  in  the  methods,  results,  and  modes  of  statements  of  analysis 
of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other  materials  connected  with 
agricaltnral  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of 
interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Department  of  Agricul- 
ture, or  with  any  State  or  national  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,  shall  alone  be  eligible  to  membership ;  and 
one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers.  Any  person  eligible 
to  membership  may  become  a  member  at  any  meeting  of  the  association  by  present- 
ing proper  credentials  and  signing  this  constitution.  All  members  of  the  association 
who  lose  their  right  to  such  membership  by  retiring  from  positions  indioate<l  as 
requisite  for  membership  shall  be  entitled  to  become  honorary  members  And  to  have 
all  privileges  of  membership  save  the  right  to  hold  office  and  vote.  All  analytical 
chemists  and  others  interested  in  the  objects  of  the  association  may  attend  its  meet- 
ings and  take  part  in  its  discussions,  but  shall  not  bu  entitled  to  enter  motions  or 
vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president,  and 
a  secretary,  who  shall  also  act  as  treasurer ;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mittee. When  any  officer  ceases  to  be  a  member  by  reiison  of  withdrawing  from  a 
department  or  board  whose  members  are  eligible  to  membership  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee,  to 
continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  president,  at  the  regular  annual  meeting,  a 
referee  and  associate  referee  for  each  of  the  subjects  to  be  considered  by  the  asso- 
ciation. 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same ;  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thereof,  and  recommendations  of  methods  to  be  folloired. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  the  association,  and  at  6uch  time  as  shall  be  decided  by  the  executive 
committee,  and  announced  at  least  three  months  before  the  time  of  meeting. 
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(7)  Xo  c'liauges  shall  be  made  iu  the  methods  of  fertilizer  analyses,  except  by 
unanimous  consent,  until  an  opportunity  shall  have  been  given  ali  official  chemists 
having  charge  of  fertilizer  work  to  test  the  proposed  changes. 

(8)  Special  meetings  shall  be  called  ])y  the  executive  committee  when  in  its  judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report  from  such  com- 
mittee may  be  adopted  by  the  approval  of  two-thirds  of  the  members  present 
entitled  to  vote. 
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PROCEEDINGS  OF  THE  SIXTEENTH   ANNUAL  CONVENTION  OF  THE 
ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


FIEST  DAT'S  FEOCEEDDTOS. 

The  sixteenth  annual  convention  of  the  Association  of  OflScial  Agri- 
cultural Chemists  was  held  in  San  Francisco,  Cal.,  beginning  July  5, 
1899.  The  meeting  was  called  to  order  by  the  president,  Mr.  R.  C. 
Kedzie,  in  the  assembly  hall  of  the  Mills  Building. 

TfTETifrBKBfl  AND  VTSITOBS  FBESENT. 

The  following  members  and  visitors  were  in  attendance: 

Allen,  E.  W.,  Office  of  Experiment  Stations,  Dei)artment  of  Agriculture,  Washing- 
ton, D.  C. 
Armsby,  H.  P.,  Agricultural  Experiment  Station,  State  College,  Pa. 
Bishop,  R.  Knight,  Berkeley,  Cal. 

Blaadale,  W.  C,  Agricultural  Experiment  Station,  Berkeley,  Cal. 
Blouin,  R.  E.,  Agricultural  Experiment  Station,  Audubon  Park,  La. 
Burd,  John  8.,  Berkeley,  Cal. 

Buffum,  B.  C,  Agricultural  Experiment  Station,  Laramie,  Wyo. 
.Chatfield,  J.  L.,  Gypsum,  Colo. 

Chilcott,  E.  C,  Agricultural  Experiment  Station,  Brookings,  S.  Dak. 
Chesnut,  V.  K.,  Division  of  Botany,  Department  of  Agriculture,  Washington,  D.  0. 
Cobb,  N.  A.,  Department  of  Agriculture,  Sydney,  New  South  Wales. 
Colby,  George  E.,  Agricultural  Experiment  Station,  Berkeley,  Cal. 
Cook,  A.  J.,  Claremont,  Cal. 

Curtis,  Marvin,  wine  chemist  with  J.  M.  Curtis  &  Son. 
Dyer,  Hubert,  Grand  Junction,  Colo. 
Ellis,  Frank  F.,  Berkeley,  Cal. 

Frear,  William,  Agricultural  Experiment  Station,  State  College,  Pa. 
Goss,  A.,  Agricultural  Experiment  Station,  Mesilla  Park,  N.  Mex. 
Gould,  Ralph  A.,  San  Francisco,  Cal. 

Hartwell,  Burt  L.,  Agricultural  Experiment  Station,  Kingston,  R.  I. 
Herff,  B.  von,  German  Kali  Works,  New  York  City. 
Hills,  J.  L.,  Agricultural  Experiment  Station,  Burlington,  Vt. 
Hite,  B.  H.,  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 
Hutchinson,  W.  L.,  Agricultural  Experiment  Station,  Agricultural  College,  Miss. 
Jaffa,  M.  E.,  Agricultural  Experiment  Station,  Berkeley,  Cal. 
Jenkins,  E.  H.,  Agricultural  Experiment  Station,  New  Haven,  Conn. 
Kedzie,  R.  C,  Agricultural  Experiment  Station,  Agricultural  College,  Mich. 
Kilgore,  B.  W.,  Raleigh,  N.  C. 
Lewers,  Robert,  Nevada  State  University,  Reno,  Nev. 
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Lloyd,  E.  R.,  Agricultural  Experiment  Station,  Agricultural  College,  Miss. 

McKellips,  C.  M.,  Agricultural  Experiment  Station,  Oorvallis,  Oreg. 

Miller,  H.  K.,  Agricultural  Experiment  Station,  Lake  City,  Fla. 

Muncy,  V.  E.,  Agricultural  College  of  Kentucky,  Lexington,  Ky. 

Myers,  John  A.,  12  John  street.  New  York  City. 

O'Brien,  W.  M.,  1609  Oak  street,  San  Francisco,  Cal. 

Patterson,  Walter  K.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

Redding,  R.  J.,  Agricultural  Experiment  Station,  Experiment,  Ga. 

Rising,  W.  B.,  University  of  California,  Berkeley,  Cal. 

Rosencrantz,  A.,  San  Francisco,  Cal. 

Rowley,  B.  N.,  203  California  street,  San  Francisco,  Cal. 

Runyan,  E.  G.,  Division  of  Chemistry,  Department  of  Agriculture, Washington,  D.  C. 

Scovell,  M.  A.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

Shaw,  G.  W.,  Agricultural  Experiment  Station,  Corvallis,  Oreg. 

Smith,  C.  D.,  Agricultural  Experiment  Station,  Agricultural  College,  Mich. 

Snow,  Frank  J.,  Berkeley,  Cal. 

Stabler,  H.  P.,  Yuba  City,  Cal. 

Stewart,  J.  H.,  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 

Stockbridge,  H.  E.,  Agricultural  Experiment  Station,  Lake  City,  Fla, 

Thompkins,  P.  W.,  123  California  street,  San  Francisco,  Cal. 

Thompson,  C.  D.,  Corvallis,  Oreg. 

Tolman,  L.  M.,  Berkeley,  Cal. 

Traphagen,  F.  W.,  Agricultural  Experiment  Station,  Bozeman,  Mont. 

Voorhees,  Edward  B.,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 

Wickson,  E.  J.,  Agricultural  Experiment  Station,  Berkeley,  Cal. 

Wiley,  H.  W.,  Division  of  Chemistry,  Department  of  Agriculture,  Washington,  D.  C. 

Williams,  C.  B.,  Agricultural  Experiment  Station,  Raleigh,  N.  C. 

Wilson,  N.  E.,  Agricultural  Experiment  Station,  Reno,  Nev. 

Withers,  W.  A.,  Agricultural  Experiment  Station,  Raleigh,  N.  0. 

Withycombe,  James,  Corvallis,  Oreg. 

Woll,  F.  W.,  Agricultural  Experiment  Station,  Madison,  Wis. 

Woods,  Charles  D.,  Agricultural  Experiment  Station,  Orono,  Me. 

Wrampelmeier,  T.  J.,  Custom-house,  San  Francisco,  Cal. 

OBDEB  OF  BUSINESS. 

The  executive  committee  reported  the  following  order  of  business: 

Reports  of  the  referees  in  the  following  order: 

First.  Report  on  nitrogen. 

Second.  Report  on  potash. 

Third.  Report  on  phosphoric  acid. 

Fourth.  Report  on  soils  and  ash. 

Fifth.  Report  on  foods  and  feed  stuffs. 

Sixth.  Report  on  food  adulteration. 

Seventh.  Report  on  dairy  products. 

Eighth.  Report  on  sugars. 

Ninth.  Report  on  tannin. 

Tenth.  Report  on  nicotin. 

Eleventh.  Reports  of  special  committees  (abstract  committee,  food 
standards,  uniform  laws  for  fertilizer  control,  volumetric  standards, 
rewriting  methods  of  soil  analysis),  rewriting  Bulletin  46. 
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PBESIBENT'S  ADDRESS.  ^ 

Members  of  the  Association  of  Official  Agricultural 
Chemists:  Continued  custom  finally  assumes  the  function  of  law,  the 
unwritten  law  of  society,  more  pervasive  than  formal  statutes,  and 
controlling  social  relations  and  conditions  because  arising  sponta- 
neously in  the  affairs  of  daily  life.  This  unwritten  law  of  custom 
demands  an  address  from  the  presiding  officer  of  this  association.  In 
former  years  papers  of  great  value  have  been  presented  as  presiden- 
tial addresses  on  a  variety  of  topics  related  to  our  special  lines  of 
work,  such  as  the  progress  and  methods  of  fertilizer  analysis  and  con- 
trol; the  analysis  of  foods  and  fodders,  the  detection  and  prevention  of 
adulterations  in  commercial  articles  of  this  class;  standards  of  purity 
of  materials  for  foods  and  articles  related  thereto,  etc. 

Such  papers,  presented  before  such  a  body  of  men,  can  not  fail  of 
having  a  large  influence  in  improving  the  conditions  of  living  in  the 
wide  constituencies  of  States  and  communities  here  represented. 

When  we  consider  the  progress  made  and  the  work  already  accom- 
plished in  your  special  lines  of  work,  and  the  advanced  condition  of 
analytical  methods  you  have  attained,  as  compared  with  those  of  fifteen 
years  ago,  we  find  large  encouragement.  Nor  is  the  value  of  this 
progress  recognized  in  this  country  alone.  The  fact  that  the  Chemi- 
cal News  republished  bodily  your  special  methods  of  analysis  shows 
the  standing  in  which  your  methods  are  held  by  chemists  in  Europe. 

The  new  apparatus  and  appliances  here  brought  into  use,  such  as 
the  Gooch  crucible,  the  Babcock  method  for  analysis  of  milk,  the  elec- 
trical air  bath  for  drying  precipitates  and  other  materials  without 
danger  of  overheating  or  need  of  constant  watching,  the  electric  lamp 
for  continuous  and  safe  distillation  in  the  extraction  of  fat  by  ether — 
these  and  similar  appliances  will  do  much  to  mitigate  the  drudgery, 
yet  increase  the  accuracy  of  chemical  analysis  for  the  future.  The 
need  for  more  rapid  methods  without  impairment  of  accuracy  is  a 
thought  often  present  to  your  minds.  To  this  end  any  new  appara- 
tus or  application  of  known  forces  to  new  uses  will  be  welcome. 
Forty -seven  years  ago  Liebig  pointed  out  the  great  importance  of 
cork,  glass,  platinum,  and  caoutchouc  for  the  advancement  of  chemis- 
try. We  may  now  with  equal  emphasis  speak  of  electricity  in  its 
many  phases  and  uses  as  contributing  to  the  success  of  the  masterful 
science.  But  to  show  how  shortsighted  is  the  foresight  even  of  the 
most  acute  minds  it  is  only  necessary  to  recall  the  fact  that  in  the  same 
delightful  Familiar  Letters  on  Chemistry,  Liebig  pointed  out  the  folly 
of  making  sugar  from  beets  and  illuminating  gas  from  coal;  and  this 
less  than  fifty  years  ago. 

*  Delivered  before  a  joint  meeting  of  the  Association  of  Ofl5cial  Agricultural  Chem- 
ists and  the  Association  of  Agricultural  Colleges  and  Experiment  Stations,  held  in 
the  Academy  of  Sciences. 
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New  environments  call  out  new  duties.  Up  to  this  year  all  the 
annual  conventions  of  this  association  have  been  held  in  the  region 
lying  east  of  the  Mississippi  River,  and  usually  in  the  National  Capi- 
tal. The  special  agricultural  requirements  of  the  Eastern  section,  the 
limiting  conditions  of  crop  production  by  peculiarities  of  soil  and 
climate,  the  favoring  conditions  for  special  crops  and  productions  in 
certain  districts,  the  diverse  interests  and  contrasted  capacities  of  dif- 
ferent sections— these  and  similar  topics  have  filled  your  minds,  guided 
your  pens,  and  penetrated  your  laboratories  and  experimental  grounds 
for  final  solution. 

In  the  East  the  soil  is  very  literally  the  bottom  fact  of  all  agricul- 
tural processes,  and  it  is  to  the  soil  we  have  given  our  chief  attention; 
its  chemical  composition  and  physical  properties,  the  quality  and  avail- 
ability of  the  plant  food  in  the  soil,  how  to  increase  these  and  yet  pre- 
vent their  loss  by  the  sapping  and  mining  of  subsoil  drainage  and 
percolation,  by  which  soluble  salts  are  finally  swept  into  the  all- 
devouring  sea — such  are  some  of  the  agricultural  problems  of  the 
East. 

But  we  have  entered  a  new  environment.  Most  of  you  have  reached 
the  Pacific  slope  by  crossing  the  several  ranges  of  the  Rocky  Moim- 
tains,  and  have  not  failed  to  mark  the  contrast  in  the  flora  of  the 
eastern  and  western  slopes  of  these  "vast  dividing  walls  of  climate," 
and  their  influence  upon  the  vast  basins  that  lie  between  them.  The 
principal  chains  of  the  American  Continent  lie  along  its  western  border, 
and  their  general  trend  is  north  and  south.  Think  for  a  moment  how 
different  would  be  the  climatic  conditions  if  the  trend  of  these  moun- 
tain chains  were  east  and  west,  as  in  the  Old  World.  Picture  to  your 
minds  the  change  in  the  climate  of  the  great  basins  of  the  Rockies 
under  such  conditions.  No  mountain  chains  more  emphatically  claim 
Dove's  telling  phrase,  "dividing  walls  of  climate,"  than  the  Andean 
chain  stretching  from  Alaska  to  Cape  Horn. 

Whatever  the  physical  causes,  we  find  ourselves  in  the  midst  of 
many  sharp  contrasts  with  the  conditions  prevailing  in  the  East.  A 
witty  friend  in  southern  California  described  the  contrast  between  the 
East  and  West  thus:  "In  the  East  j^ou  sell  the  soil  and  the  climate 
goes  with  the  land ;  here  we  sell  the  water  and  climate  and  throw  In 
the  land."     "Si  quaeris  mundum  novum,  circumspice." 

Here  is  a  new  world,  and  the  changed  conditions  of  agriculture  chal> 
lenge  your  attention.  I  need  not  stop  to  point  them  out  California 
is  an  open  book,  and  he  who  runs  may  read. 

In  regard  to  new  work  for  the  coming  year  I  have  little  to  suggest. 
The  work  now  in  hand  seems  to  be  in  good  shape,  and  I  have  no  criti- 
cism to  offer.  Following  in  the  steps  of  my  illustrious  predecessors,  my 
suggestions  are  mainly  in  the  line  of  detecting  and  exposing  frauds  and 
adulterations  connected  with  food  materials.     The  subject  of  butter 
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comes  prominently  into  view  in  my  section,  not  solely  the  old  evil  of 
oleo  compounds,  but  the  disguising  and  manipulating  for  purposes  of 
sale  of  what  was  once  butter,  but  has  survived  the  period  of  its  use- 
fulness; putting  the  putrid  stuff  through  some  process  and  selling  the 
same  as  prime  butter.  The  Michigan  legislature  has  just  enacted  a  law 
to  prevent  the  sale  of  this  "process  butter"  unless  it  bears  a  printed 
certificate  of  its  real  character.  How  to  identify  in  the  courts  this 
"process  butter,"  so  as  to  throw  the  protecting  arm  of  the  law  over 
genuine  prime  butter,  is  a  subject  for  your  consideration.  That  car- 
load lots  of  such  "shoe-box  butter"  is  thus  treated  to  be  offered  for 
sale  as  creamery  butter  is  well  known.  Some  may  say  that  any  treat- 
ment by  which  the  rancid  stuff  may  put  on  an  appearance  of  respect- 
ability should  be  encouraged,  and  reform  even  in  butter  should  be 
approved.  Lord  Brougham  said  ' '  change  is  not  reform. "  I  quote  the 
old  maxim  "Let  every  (butter)  tub  stand  on  its  own  bottom." 

In  a  similar  class  may  be  placed  such  materials  as  "Lactobutu,"  to 
convert  10  pounds  of  rancid  butter  and  5  pounds  of  milk  into  16  pounds 
of  good  butter,  the  material  and  information  for  $5.  Some  may  say 
that  a  man  who  does  not  know  that  6  pounds  of  milk  can  not  be  con- 
verted into  5  pounds  of  butter  by  any  chemicals  or  manipulation  ought 
to  invest  $5  to  buy  wisdom  much  needed.  But  in  olden  times,  of  ten 
virgins  five  were  wise  and  five  otherwise,  and  if  observation  is  not  mis- 
leading, the  proportion  of  the  first  class  in  the  human  family  has  not 
largely  increased  in  nineteen  centuries. 

Other  items  in  the  list  of  doubtful  honesty  are  so-called  stock  foods, 
one  especially  represented  as  greatly  excelling  oil  meal  in  value. 
These  should  generally  be  classed  simply  as  condiments  or  condition 
powders  so  familiar  to  stockmen. 

Wheat  flour  is  so  intimately  related  to  the  staff  of  life,  and  Ameri- 
can flour  is  of  such  excellent  quality  and  high  reputation,  both  at 
home  and  abroad,  that  any  adulteration  of  the  material  or  smirching 
its  reputation  should  call  forth  an  indignant  protest.  The  material  is 
not  only  so  good  in  quality  but  so  abundant  in  our  country  that  there 
should  be  no  excuse  for  adulterating  it.  But  the  process  was  begun 
in  a  neighboring  State  and  it  spread  so  rapidly  as  to  threaten  to  drive 
out  honest  milling  from  our  land.  The  most  common  form  of  adul- 
teration ("blending"  as  it  was  euphoniously  called)  was  by  mixing 
with  wheat  flour  a  quantity  of  white  corn  meal,  com  starch  ("flour- 
ine  ")  or  other  products  of  Indian  corn.  The  profits  from  incorporat- 
ing the  products  of  the  cheaper  grain  with  wheat  flour  were  so  large 
that  the  adulterated  flour  could  be  sold  at  a  price  much  below  pure 
wheat  flour,  yet  leaving  so  large  a  margin  of  profit  that  genuine  wheat 
flour  was  being  driven  out  of  its  legitimate  market.  A  miller  at  the 
head  of  a  large  milling  concern  in  another  State  told  the  late  W.  A. 
Coombs,  of  Coldwater,  Mich.,  that  "by  blending  corn  products  with 
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my  wheat  flour  I  make  a  cash  profit  of  $600  a  day,  and  why  should  I 
not  do  it?"    A  man  who  will  ask  that  question  will  do  it. 

The  Michigan  millers  were  almost  in  despair.  They  could  not  sell 
flour  in  the  Southern  States  except  at  a  loss,  and  were  being  driven  out 
of  the  Eastern  States.  There  was  even  danger  that  such  adulterated 
flour  would  be  sent  abroad,  and  when  detected  there  the  European 
markets  would  be  closed  against  American  flours  as  a  class.  The  mil- 
lers urged  Congress  to  pass  a  law  to  prevent  such  mixed  flours  from 
being  sold  as  wheat  flour,  and  the  Tawney  bill  was  introduced  to  com- 
pel the  marking  of  such  flours  as  mixtures,  and  thus  distinguishing 
them  from  genuine  flour.  But  a  powerful  corn-fed  lobby  prevented 
such  legislation  till  the  Spanish  war  was  upon  us  and  the  sinews  of 
war  must  be  obtained  from  every  available  source,  when  a  small 
license  fee  was  demanded  and  a  small  tax  imposed,  requiring  a  stamp 
upon  every  package  of  the  mixed  flour.  When  such  a  mark  of  Cain 
is  placed  upon  a  food  material  it  becomes  a  fugitive  and  vagabond  on 
the  earth. 

Another  adulterant  for  wheat  flour  requires  only  a  brief  notice,  for 
it  can  only  be  short-lived.  This  material  is  prepared  and  shipped  in 
some  quantity  from  Greensboro,  N.  C,  under  the  name  of  Mineraline. 
It  is  nothing  but  ground  rock  of  the  f eldspathic  class,  and  its  food  i-alue 
nil,  yet  the  party  making  this  stuff  seems  to  find  quite  a  market  for  it. 
A  friend  in  Greensboro  one  year  ago  wrote  me  that  this  party  held  an 
order  for  160  tons  of  Mineraline  to  be  shipped  to  Tennessee  to  mix 
with  flour,  and  was  shipping  car  lots  to  northeastern  cities  for  the  same 
purpose. 

In  olden  times  the  question  arose  "If  a  son  ask  his  father  for  bread, 
will  he  give  him  a  stone  ? "  This  question  seems  to  have  found  an 
affirmative  answer  in  North  Carolina. 

APPOINTMENT   OF  COMMITTEES. 

The  president  appointed  the  following  committee  on  recommenda- 
tions of  referees:  Messrs.  Woods,  Scovell,  Jenkins,  Hutchinson,  and 
Shaw. 

Messrs.  Frear,  Woll,  and  Colby  were  appointed  a  committee  onnom- 
inations. 

Mr.  Wiley.  The  reporters,  or  referees,  have  had  very  little  time  in 
which  to  prepare  their  material,  and  therefore  the  secretary  of  the 
association  suggested  that  in  the  absence  of  ample  data  each  one  should 
give  a  short  r^sum^  of  the  evolution  of  the  subject  assigned  him  from 
the  beginning  of  the  association  to  the  present  time,  so  that  we  could 
have  a  historical  account  of  what  had  really  been  accomplished  in  the 
way  of  codifying,  unifying,  and  perfecting  the  methods  employed  in 
the  investigation. 
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With  the  same  object  in  view  I  have  prepared  a  full  history  of  the 
.meetings  before  the  present  association  was  organized.  I  did  this 
because  the  earlier  reports  are  not  available.  The  library  of  the 
Department  of  Agriculture  itself  does  not  possess  them,  and  in  order 
to  prepare  the  data  for  this  paper  I  was  compelled  to  resort  to  the 
members  who  composed  these  earlier  meetings,  to  whom  I  addressed 
circular  letters.  From  many  of  them  I  received  replies.  I  propose 
to  incorporate  in  the  report  of  this  meeting  the  minutes  of  the  meet- 
ings held  in  1880  in  Washington,  and  in  Boston  in  the  same  year,  and 
of  the  meetings  held  in  Cincinnati  in  1881  and  in  Atlanta  in  1884. 
Thus  the  members  of  the  present  association  will  be  able  to  have  a 
complete  record,  in  conjunction  with  the  bulletins  issued,  of  the  prog- 
ress this  association  has  made  during  the  period  of  nineteen  years  since 
the  attempt  was  made  to  unify  methods  of  research  in  agricultural 
chemistry. 

Mr.  Frear.  In  view  of  the  method  of  discussion  suggested  to  the 
several  referees  by  the  association,  and  of  the  conditions  of  this  meet- 
ing, and  in  view  of  the  fact  that  the  secretary  himself  has  prepared  a 
r^sum^  of  the  history  of  the  work  of  the  association  in  general,  it 
occurs  to  me  that  it  might  be  desirable  to  have  this  last-named  paper 
read  first,  as  a  proper  introduction  of  the  discussion.  I  would  there- 
fore moi%  that  the  secretary  of  the  association  be  requested  to  read 
this  historical  sketch  to  open  the  work. 

Mr.  Wiley.  Mr.  President  and  Gentlemen:  I  will  not  read  the  whole 
of  this  paper,  because  it  will  be  found  in  full  in  the  report  of  the  pro- 
ceedings. The  title  of  this  paper  is  "Historical  Sketch  of  the  Asso- 
ciation of  Official  Agricultural  Chemists,"  and,  preliminarily,  I  will 
say  that  I  have  prepared  a  list  of  those  present  at  the  Atlanta  meeting 
in  1884,  which  was  the  precursor  of  the  organization  that  is  meeting 
here  to-day.  As  perhaps  it  will  be  interesting  I  will  read  the  names 
of  those  present  at  the  Atlanta  meeting: 

Judge  J.  T.  Henderson,  Prof.  H.  W.  Wiley,  Prof.  N.  W.  Lord, 
Dr.  Charles  W.  Dabney,  jr..  Prof.  William  A.  Noyes,  Dr.  Charles  U. 
Shepard,  jr..  Dr.  J.  W.  Grascoyne,  Dr.  Allard  Memminger,  Mr.  Philip 
E.  Cha^al,  Dr.  E.  H.  Jenkins,  Prof.  S.  W.  Johnson,  Prof.  H.  C.  White, 
Dr.  N.  P.  Pratt,  Mr.  G.  W.  Benson,  Mr.  N.  A.  Pratt,  Prof.  John  A. 
Myers,  Prof.  J.  A.  Bums,  Mr.  L.  H.  Jones,  jr.,  Mr.  C.  L.  Allen, 
Mr.  G.  W.  Davison,  Prof.  W.  C.  Stubbs,  Dr.  Arthur  T.  Neale,  Mr. 
P.  T.  Pendleton,  Mr.  C.  B.  F.  Lowe,  Mr.  Leroy  Broun,  jr.,  Mr.  C.  M. 
Strahan,  Mr.  A.  F.  Crowell,  Mr.  C.  V.  Petraeus,  Mr.  Theo.  Schumann, 
Mr.  P.  J.  Schumann. 

Many  of  these  names  you  will  recognize  as  being  those  of  men  who 
have  been  most  active  in  the  work  of  the  association  since  the  Atlanta 
meeting. 
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The  following  is  a  list,  arranged  alphabetically,  of  oflScial  agricul- 
tural chemists,  and  others  associated  with  them  who  have  attended  the 
several  meetings  since  the  organization  of  the  association: 

List  of  Membebs  who  have  attended  the  Meetings  of  the  Association  of  Offi- 
cial Agricultural  Chemispts,  and  the  Numbers  of  the  Meetings  attended  by 
Each. 


Adiiance,  Duncan,  8. 

Alexander,  J.  P.,  12. 

Allen,  E.  W.,  7,  8,  9,  11,  13,  14,  15. 

Allen,  W.  M.,  13. 

Alvord,  Henry  E.,  7,  15. 

Anderson,  Cyrus  N.,  14. 

Anderson,  James  T.,  6,  7,  8,  9, 11, 12, 14. 

Andrews,  W.  H.,  14. 

Armsby,  H.  P.,  9,  13. 

Atwater,  B.  M.,  14. 

Atwater,  W.  0.,  6,  7,  10,  15. 

Babcock,  S.  M.,  4,  8,  9,  10. 

Bartlett,  J.  M.,  8,  11,  12,  14,  15. 

Battle,  H.  B.,  6,  7,  8,  13. 

Beal,  W.  IL,  9,  11,  12,  13,  14,  15. 

Benjamin,  Marcus,  12. 

Bigelow,  W.  D.,  9,  10,  11,  12,  13,  14,  15. 

Black,  S.  E.,  9. 

Blair,  A.  W.,  14. 

Blouin,  R.  E.,  10. 

Bolton,  H.  Carrington,  14. 

Bomberger,  F.  B.,  12,  13. 

Bond,  Charles  E.,  4. 

Bowman,  Walker,  6,  7. 

Broadbent,  F.  V.,  2,  3,  4. 

Bromwell,  William,  11. 

Brown,  W.  G.,  12. 

Bryant,  A.  P.,  14. 

Buckley,  S.  S.,  13. 

Burney,  W.  B.,  6,  7. 

Caldwell,  G.  C,  4,  6,  7,  8,  13. 

Cameron,  F.  K.,  14. 

Cameron,  George  W.,  14. 

Carman,  J.  S.,  11. 

Carman,  J.  Y.,  9. 

Carpenter,  F.  B.,  7,  8,  11,  13,  14,  15. 

Carr,  Oma,  11,  12,  13,  14,  15. 

Cathcart,  Charles  S.,  8,  9. 

Chace,  E.,  9. 

Chazal,  Philip  E.,  1,  2,  3,  4,  5,  10. 

Chesnut,  V.  K.,  12  13. 

Chute,  II.  D.,  11. 

Clark,  Reed  Paige,  14. 

Clarke,  F.  W.,  2,  6,  8,  9,  13. 

Coates,  Charles  B.,  jr.,  14,  15. 

Cochran,  C.  B.,  10. 


Collingwood,  Charles  B.,  8,  10. 

Cooke,  W.  W.,  3,  7,  8. 

CraighiU,  G.  P.,  14,  15. 

Crampton,  C.  A.,  2, 4, 5,  7,  8, 9, 10, 11, 12, 

13,  14. 
Crawley,  J.  T.,  8. 
Croxton,  H.  E.,  12. 
Curtis,  H.  E.,  10,  13. 
Cutter,  W.  P.,  11,  12,  13,  14. 
Dabney,  Charles  W.,  jr.,  1,  2,  5,  8. 
Dancy,  F.  B.,  7. 

Davidson,  R.  J.,  8,  9,  11,  12,  13,  14. 
Davis,  I.  T.,  8. 
Dickeson,  William  E.,  14. 
Doremus,  C.  A.,  10. 
Dorset,  Marion,  12. 
Dugan,  John,  4,  5,  9,  12,  13.     . 
Eaton,  C.  N.,  10. 
Edson,  Hubert,  5,  7,  8. 
Ellett,  W.  B.,  14. 
Elliott,  J.  C,  8 
Englehardt,  F.  E. ,  6. 
Ewell,  E.  E.,  9,  10,  12,  13,  14,  15. 
Fake,  N.  J.,  4,  5. 

Farrington,  E.  H.,  4,  5,  7,  8,  10,  11. 
Fellows,  G.  S.,  3,  4,  6,  8,  9. 
Femandez-Cavada,  Fernando,  14. 
Finney,  F.  I.,  11* 
Fraps,  G.  S.,  13. 
Frear,  William,  4,  5,  6,  7,  8,  9,  10, 11,  12, 

13,  14,  15. 
Fries,  J.  A.,  10, 12. 
Fristoe,  E.  T.,  8. 
Fuelling,  John  L.,  8,  11. 
Fulmer,  Elton,  14.     . 
Gaines,  R.  H.,  1,  5,  6,  7,  8, 10,  12, 13, 14, 

15. 
Gardner,  F.  D.,  12. 

Gascoyne,  W.  J.,  2,  3,  4,  5,  6,  7, 8, 11, 15. 
de  Ghequier,  C,  1,  2,  3,  4,  7. 
Gibson,  Charles  B.,  7. 
Gladding,  Thomas  S.,  2. 
Goss,  Arthur,  12,  13. 
Green,  Arthur  L.,  4. 
Grindley,  H.  S.,  14. 
Hand,  W.  F.,  14. 
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Hardee,  R.  E.,  9. 

Hardin,  M.  B.,  9. 

Harper,  D.  N.,  8. 

Harrington,  H.  H.,  6,  8,  9. 

Harris,  A.  W.,  7,  8,  9. 

Hartwell,  B.  L.,1015. 

Haywood,  J.  K.,  14,  15. 

Heavener,  J.  G.,  12. 

V.  Herff,  Rudolf,  7,  8,  9,  11,  12,  13. 

Hillfl,  J.  L.,  13,  14,  15. 

Hiltner,  R.  S.,  15. 

Hird,  J.  D.,  6,  13,  14. 

Hite,  B.  H.,  12,  13,  14,  15. 

Holland,  E.  B.,  15. 

Holter,  George  L.,  6. 

Holton,  Fred  A.,  4,  5,  9. 

Horton,  H.  E.,  7. 

Huston,  H.  A.,  7,  8,  9,  10,  11,  12,  13,  14, 

15. 
Hutchinson,  P.  L.,  9. 
Hutchinson,  W.  L.,  5,  6,  9,  12. 
Jaffa,  M.  E.,  15. 
Jenkins,  E.  H.,  1,  2,  3,  4,  6,  8. 
Jenter,  C.  G.,  14. 
Johnson,  D.  D.,  8. 
Johnson,  S.  W.,  13. 
*  Jones,  Charles  H.,  14,  15. 
Jordan,W.  H.,  8. 
Kebler,  L.  F.,  10. 
Kedzie,  F.  S.,  11. 

Kedzie,  R.  C,  6,  7,  8,  9,  10,  12,  15. 
Kepich,  A.,  11. 
Kerr,  G.  A.,  11,  15. 

Kilgore,  B.W.,  6,  8, 9, 10,  11, 12, 13, 14, 15. 
Knorr,  A.  E.,  2,  3,  4,  5,  7,  8,  9. 
Knox,  Roy,  14. 

Krug,  W.  H.,  8,  9,  11,  12,  14,  1.5. 
Krumbharr,  Chas.  Conrad,  14. 
Langfeldt,  Felix,  4. 
Langworthy,  C.  F.,  13, 14, 15. 
Laughlin,  J.  R.,  13, 14, 15. 
Lehmann,  A.,  1, 3, 9. 
Lehmann,  G.  W.,  14. 
lindsey,  J.  B.,  10, 11, 12, 13, 14. 
Lord,  N.  W.,4,8,10. 
Lupton,  N.  T.,  3, 4, 6, 7, 8, 9. 
McAdie,  A.  G.,  8. 
McCarty,  R.  Lee,  15. 
McBryde,  J.  B.,6,7. 
McDonnell,  C.  C,  12. 
McDonnell,  H.  B.,  6, 7, 8, 9, 10, 11, 12, 13, 

14, 15. 
McDonnell,  M.  E.,  11,  12. 
McDowell,  M.  S.,  12. 


McEbroy,  K.  P.,  8,  9,  10,  11,  12. 

McMurtrie,  William,  3, 4. 

Macfarlane,  Thomas,  4. 

Manns,  A.  G.,  12. 

Maxwell,  Walter,  8. 

Meng,  Jas.  S.,  15. 

Merrill,  L.  H.,12,13. 

Mitchell,  A.  S.,  12. 

Mitchell,  G.  A.,  10. 

Mitchell,  W.  L.,  15. 

Moore,  C.  C,  12, 13, 14, 15. 

Morse,  Fred  W.,  6, 8, 11, 12, 15. 

Moses,  W.  E.,2,3,4. 

Munroe,  C.  E.,  14. 

Myers,  John  A.,  1, 3, 4, 5, 6, 7, 8, 12, 13, 15. 

Nicholson,  H.  H.,  6, 7, 8. 

Nolan,  W.  P.,  11. 

North,  J.,  14. 

Ogden,  A.  W.,8. 

Palmer,  T.  Chadley,  15. 

Parsons,  Charles  L.,  7, 9, 10. 

Patrick,  George  E.,  8, 13, 14. 

Patterson,  H.  J.,  5,  6, 7, 8, 9, 11, 12, 13, 14, 

15. 
Patterson,  L.  G.,7,8, 12. 
Payne,  George  F.,  8, 9, 10, 11, 12. 
Peacock,  S.,  11, 12, 13, 14. 
Peebles,  A.  B.,  15. 
Penny,  C.  L.,  7, 8, 9, 12, 13, 14. 
Perkins,  George  E.,  14. 
Perkins,  W.R.,  10, 11, 13. 
Persons,  A.  A.,  12, 14. 
Peter,  A.  M.,  9, 11, 12. 
Price,  W.  B.,  2. 
Quick,  W.  J.,  13. 
Rawls,  W.  A.,  10, 11, 12. 
Richards,  Edgar,  2, 3, 4, 5, 6,  7. 
Richardson,  Clifford,  1,  2,  3, 4,  5, 6,  7. 
Rising,  W.  B.,4, 10. 
Robinson,  Norman,  6,  7, 8, 9. 
Robinson,  S.  A.,  8. 
de  Roode,  Rudolf,  8, 9, 10, 11. 
Rosell,  C.  A.  0.,  12. 
Rose,  B.  B.,  2, 4, 5, 6, 7,  8,9,10,  11,  12,13, 

14, 15. 
Runyan,  E.  G.,  11, 12, 13, 14, 15. 
Sanborn,  T.  F.,11, 12. 
Saunders,  W.  M.,5. 
Schulte,  J.  I.,  15. 
Schumann,  Dr.,  1. 
de  Schwemitz,  E.  A.,  4, 5, 7, 8, 9, 10, 11, 13, 

14, 15. 
Scovell,  M.  A.,  3, 4, 5, 6, 7, 8, 9,10,13,14,15. 
Seal,  Alfred  N.,  15. 
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Sederholm,  E.,  10. 

Sharpless,  S.  P.,  10. 

Shepard,  Jas.  H.,  8. 

Sherman,  H.  C,  10, 11, 12. 

Shiver,  F.  S.,  7, 9. 

Shutt,  Frank  T. ,  4, 10, 13. 

Shuttleworth,  A.,  11. 

Slosson,  E.  E.,10. 

Skinner,  W.,  12, 13, 14, 15. 

Smith,  H.  M.,10. 

Snyder,  Harry,  15. 

Spencer,  G.  L.,  9, 11,14. 

Steiger,  G.,11. 

Stewart,  J.  H.,15. 

Stokes,  H.N.,  15. 

Strahan,  C.  Morton,  6. 

Street,  J.  P.,  7, 8, 9, 10, 11, 12, 13, 14, 15. 

Stubbs,  William  C.,-2, 3, 4, 5, 7, 8, 10, 12. 

Sutton,  D.  C.,8 

Sweetser,  W.  S.,14. 

Tassin,  Wirt,  11, 12. 

Teller,  George  L.,  8, 10, 13. 

Terne,  Bruno,  6, 7, 8, 9, 11, 12. 

Test,  F.  C.,11. 

Thigpen,  J.  H.,  14. 

Trescot,  T.  C,  3, 7, 10, 12, 13, 14, 15. 

Trubek,  M.,10. 

True,  A.  C.,15. 

Van  Slyke,  L.  L.,  7, 8,9,10,11,12,13,14,15. 


Veitch,  F.  P.,  11, 12, 13, 14, 15. 

Voorhees,  E.  B.,  5, 6, 7, 8, 9, 11. 

Voorhees,  Louis  A.,  8, 9, 10, 11, 15. 

Wahl,  R.,10. 

Wainwright,  J.  H.,14. 

Waite,  C.  E.,  4. 

Warder,  Robert  B.,  4, 6. 

Warrington,  R.,  8. 

Watson,  T.,  11. 

Wedderbum,  Aug.,  9. 

Welty,  Harry  T.,  14. 

Westenfelder,  B,,  11, 12. 

Wheeler,  E.  J.,  14. 

Wheeler,  H.  J.,  8, 9, 11, 12, 13, 14, 15. 

White,  H.C.,  1,2,3,5. 

Whitney,  Milton,  4,  7, 9, 11, 12. 

Wiley,  H.  W.,  1, 2, 3, 4, 5, 6, 7,  8, 9,  10, 11, 

12, 13, 14, 15. 
Williams,  0.  B.,  13,14,15. 
Williams,  William  J.,  7, 8. 
Wilkinson,  L.  W.,8. 
Winton,  A.  L.,  8, 9, 10, 11, 12, 13, 14, 15. 
Withers,  W.  A.,  8. 
Wolff,  Frank  A.,  jr.,  12. 
Woll,  F.  W.,10,11,15. 
Woods,  Charles  D.,  7, 8, 9, 12, 15. 
Yeates,  W.  S.,9. 
Yocum,  J.  H.,11,13,14,15. 


HISTOMOAL  SKETCH  OF  THE  AB800UTI0N  OF  OFFICIAL  AOBICULTUEAl 

CHEMISTS. 

By  H.  W.  Wiley. 

The  condition  of  agricultural  chemical  work  in  the  United  States  in 
1880  was  a  peculiar  one.  The  few  chemists  who  were  engaged  in 
agricultural  research  were  acting  m  complete  independence  of  each 
other  in  regard  to  methods  of  investigation  and  of  research.  Some  of 
them  were  using  the  methods  employed  by  Grerman  chemists,  while 
others  followed  the  instruction  given  by  the  French  or  English  agri- 
cultural chemists.  There  was  no  unity  of  interest  in  the  profession 
nor  any  common  system  of  work.  The  condition  of  analytical  work 
may  be  truly  described  as  chaotic.  The  result  of  such  condition  is 
easily  imagined.  There  was  no  standard  of  comparison  or  reference. 
Buyers  and  sellers  were  continually  wrangling  over  analyses,  which, 
made  by  different  men  following  different  methods,  did  not  agree. 

The  sellers'  chemists  uniformly  obtained  higher  results  than  the 
buyers',  and  thus  the  door  to  litigation  was  constantly  open. 

Strange  as  it  may  seem,  the  first  steps  toward  correcting  this  piti- 
able condition  did  not  come  from  the  Department  of  Agriculture  at 
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Washington,  but  from  the  department  of  agriculture  of  one  of  the 
States.  It  was  through  the  Hon.  J.  T.  Henderson,  commissioner  of 
agriculture  of  Georgia,  and  at  the  instigation  of  Mr.  H.  J.  Redding, 
now  director  of  the  Georgia  station,  that  the  first  step  toward  uni- 
formity of  action  among  agricultural  chemists  of  the  United  States 
was  taken. 

The  report  of  this  initial  meeting  is  of  such  interest  as  to  warrant 
its  reproduction  in  full  in  the  proceedings  of  this  association: 

Oonyention  of  Agricultural  OommisBionerB  and  Ohemists  at  Washiogtou,  D.  0.^ 

The  following  circulars  will  explain  in  brief  the  object  of  the  convention: 

Department  op  Agricilture, 

Atlanta,  Ga,,  May  20,  1880. 


Dear  Sir:  The  experience  of  the  last  fertilizer  season  has  suggested  to  my  mind 
the  importance  of  securing  such  uniformity  of  method  in  determinmg  by  chemical 
analysis  the  percentage  of  valuable  ingredients  in  commercial  fertilizers  as  will  give 
more  imiform  and  hence  more  satisfactory  results.  This  is  especially  desirable  in 
determining  revertetl  phosphoric  acid. 

With  a  view  to  accomplishing  so  desirable  an  object,  as  well  as  others  which  may 
be  deemed  proper,  I  have  the  honor  to  suggest  the  calling  of  a  convention  of  the  sev- 
eral commissioners  of  agriculture,  representatives  from  the  State  boards  of  agriculture, 
State  chemists,  and  professors  of  chemLstry  in  State  universities  and  State  agricultural 
colleges,  in  those  States  using  large  amounts  of  commercial  fertilizers,  to  meet  at 
some  convenient  point  early  in  the  month  of  July  next. 

I  would  be  glad  to  have  your  views  on  the  subject;  and  if  favorable  to  the  sugges- 
tion, please  nominate  some  gentleman  who,  by  general  assent,  may  be  informally 
authorized  to  fix  the  time  and  place  of  such  convention  and  issue  the  necessary 
notices. 

You  are  also  requested  to  give  me  the  names  and  post-offices  of  gentlemen  in  your 
State,  holding  either  of  the  positions  above  indicated,  which  do  not  appear  in  the  list 
below,  that  copies  of  this  circular  may  be  sent  to  them. 

An  early  reply  is  desirable. 

Very  respectfully,  J.  T.  Henderson, 

Commissioner  of  Agriculture. 

Department  of  Agriculture, 

Atlanta,  Ga.,  July  i,  1880. 


Dear  Sir:  I  am  gratified  to  announce  that  the  recent  circular  which  I  had  the 
honor  to  issue,  suggesting  the  calling  of  a  convention  for  the  purpose  of  adopting  a 
uniform  system  for  the  analysis  of  commercial  fertilizers,  has  met  with  favorable 
responBes  from  a  large  majority  of  the  gentlemen  to  whom  it  was  sent.  A  like  majority 
has  imposed  upon  me  the  duty  of  fixing  the  time  and  place  of  said  convention  and 
issuing  the  necessary  notices  for  the  same.  After  correspondence  with  others,  and  due 
consideration  of  the  interests  involved,  I  have  decided  upon  Wednesday,  the  28th 

*  Proceedings  of  the  convention  of  agricultural  chemists  called  for  the  purpose  of 
adopting  a  unjiorm  method  for  the  analysis  of  commercial  fertilizers. '  Published  by 
James  P.  Harrison  &  Co.,  Atlanta,  Ga.,  1880. 
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of  July,  as  the  time  and  Washington,  D.  C,  as  the  place  for  the  assembling  of  the 
proposed  convention.  You  are  accordingly  respectfully  and  earnestly  invited  to  be 
present  and  participate  in  the  convention. 

Every  reasonable  facility  for  the  deliberations  of  the  convention  will  be  afforded 
by  Hon.  William  G.  LeDuc,  Commissioner  of  Agriculture,  who  is  in  heart}'  sympathy 
with  the  .object  sought  to  be  accomplished.  I  have  appended  hereto  a  list  of  the 
names  of  gentlemen  to  whom  this  circular  will  be  sent. 

Trusting  you  will  find  it  convenient  to  attend  and  give  the  convention  the  benefit 
of  your  experience,  and  requesting  that  you  will  at  once  inform  me  by  letter  whether 
you  will  attend,  I  am,  respectfully, 

J.  T.  Henderson, 
Commisgioner  of  Agriculture. 


PROCEEDINGS. 

FIRST  MEETING. 

Library  Hall,  July  28,  1880. 

In  response  to  these  circulars  there  assembled  in  one  of  the  spacious  halls  of  the 
Department  of  Agriculture,  which  was  kindly  set  apart  by  the  Commissioner  of  Agri- 
culture, the  following  gentlemen: 

Prof.  R.  M.  Ballentine,  United  States  Department  of  Agriculture. 

Dr.  C.  Elton  Buck,  manufacturing  chemist,  Wilmington,  Del. 

Hon.  A.  P.  Butler,  commissioner  of  agriculture.  State  of  South  Carolina, 

Dr.  Peter  Collier,  Chemist  of  the  United  States  Department  of  Agriculture. 

Dr.  M.  G.  Ellzey,  professor  Virginia  Agricultural  and  Mechanical  College. 

Dr.  C.  A.  Goessmann,  Agricultural  College,  Amherst,  Mass. 

Prof.  W.  M.  Habirshaw,  analytical  chemist.  New  York  City. 

Hon.  J.  T.  Henderson,  commissioner  of  agriculture,  State  of  Georgia. 

Dr.  E.  H.  Jenkins,  Connecticut  Agricultural  Experiment  Station. 

Dr.  A.  R.  Ledoux,  North  Carolina  Agricultural  Experiment  Station. 

Dr.  G.  A.  Liebig,  analytical  and  manufacturing  chemist,  Baltimore,  Md. 

Prof.  Arthur  T.  Neale,  New  Jersey  State  Experiment  Station. 

Dr.  N.  A.  Pratt,  State  chemist,  Geoigia. 

Prof.  R.  W.  L.  Ra.sin,  manufacturing  chemist,  Baltimore,  Md. 
■  Dr.  Charles  U.  Shepard,  jr.,  chemist.  State  of  South  Carolina. 

Dr.  W.  Simon,  analytical  chemist,  Baltimore,  Md. 

Dr.  C.  C.  Wellington,  United  States  Department  of  Agriculture. 

Dr.  H.  C.  White,  professor.  University  of  Georgia. 

Dr.  P.  B.  Wilson,  analytical  chemist,  Baltimore,  Md. 

Dr.  Theo.  R.  Wolf,  professor  and  State  chemist,  Delaware. 

The  convention  was  calle<l  to  order  at  3.30  p.  m.  Vy  I^r-  C.  U.  Shepard,  jr.,  who 
nominate<l  Hon.  J.  T.  Henderson  for  president  of  the  convention,  reminding  the  gen- 
tlemen that  it  was  owing  to  Judge  Henderson's  earnest  efforts  that  they  were  brought 
together.  Judge  Henderson,  being  called  to  the  chair,  after  thanking  the  convention 
for  the  honor  done  him,  stated  the  object  of  the  meeting  as  substantially  set  forth  in 
the  circulars  above  given. 

Dr.  A.  R.  Ledoux  was  then  elected  secretary  of  the  meeting. 

Dr.  M.  G.  Ellzey  addressed  the  convention,  saying  that  he  heartily  indorsed  the 
effort  which  Judge  Henderson  was  making  to  secure  uniformity  in  the  analysis  of 
commercial  fertilizers.  He  recognized  the  need  of  some  general  understanding  in 
the  matter,  and  hoped  that  the  discussions  would  take  no  limited  range,  but  deal 
with  more  than  one  of  the  questions  which  have  been  the  cause  of  difi&culty  between 
producers  and*  farmers  throughout  the  country. 


Digitized  by 


Google 


19 

Letters  were  read  from  Prof.  S.  W.  Johnson,  of  New  Haven,  and  others,  heartily 
indorsing  the  object  of  the  meeting  and  thanking  Judge  Henderson  for  his  action  in 
calling  the  same. 

On  motion  of  Dr.  EUzey  the  chair  appointed  a  committee  on  a  programme  or  order 
of  business,  to  recommend  to  the  convention  what  topics  should  be  discussed.  The 
following  committee  was  appointed:  Drs.  Goessmann,  Buck,  and  White.  The  com- 
mittee reconmiended  the  following  programme.    The  report  was  received  and  adopted. 

PROGRAMME. 

1.  Preparation  of  the  roll  of  the  convention,  and  decision  of  the  rights  of  parties 
present  to  participate  in  the  discussion  of  various  topics,  and  to  vote  upon  the  final 
judgment  of  the  same. 

2.  Discussion  of  the  method  of  estimating  soluble  phosphoric  acid. 

3.  Discussion  of  method  of  estimating  ** reverted*'  phosphoric  acid 

4.  Estimation  of  insoluble  phosphoric  acid. 
5..  Estimation  of  nitrogen. 

6.  Estimation  of  potash. 

The  committee  consider  the  above  the  main  topics  which  should  receive  the  con- 
sideration of  the  convention.  Other  points  proi)er  for  discussion,  should  time  allow, 
are,  perhaps,  as  follows: 

7.  Method  of  arriving  at  commercial  valuations. 

8.  Agricultural  and  comiqercial  valuation  of  "reverted**  phosphoric  acid. 

In  accordance  with  section  1  of  the  order  of  business,  the  secretary  was  ordered  to 
make  out  and  read  the  roll  of  the  convention,  together  with  the  occupations  and 
professions  of  the  gentlemen  present. 

Dr.  White  moved  that  only  those  who  are  practicing,  analytical  chemists  be  con- 
sidered entitled  to  vote  on  the  final  judgment  of  the  meeting. 

Dr.  Ellzey  opposed  the  motion,  saying  he  w^ould  very  much  r^ret  to  see  the  con- 
vention limited  in  that  way. 

The  secretary  called  attention  to  the  fact  that  all  the  gentlemen  present  but  three 
were  practicing,  analytical  chemists,  and  entitled  to  vote  under  the  above  resolution. 

After  some  further  discussion,  the  resolution  was  adopted. 

The  convention  then,  on  motion,  took  up  the  discussion  of  the  second  section  of  the 
programme — determination  of  soluble  phosphoric  acid. 

Drs.  Goessmann  and  Ellzey  gave  their  opinions  as  to  the  extent  and  direction  which 
the  discussion  should  have. 

It  was  moved  by  Dr.  Ledoux  that  a  committee  of  three  be  appointed  by  the  chair 
to  propose  to  the  convention  a  method  for  the  determination  of  soluble  phosphoric 
acid. 

Dr.  Collier  moved  to  amend  by  substituting  "five**  for  "three.** 

Dr.  Shepard  moved,  as  a  substitute,  that  the  entire  question  of  the  determination  ot 
phosphoric  acid  in  all  its  forms  be  referred  to  a  <x>mmittee  of  five. 

After  discussion,  the  following  resolution  was  adopted: 

Resolved,  That  a  committee  of  five  be  appointed  by  the  chair  to  consider  sections 
2, 3,  and  4  of  the  order  of  business  and  report  thereon. 

The  following  gentlemen  were  appointed  by  the  chair:  Drs.  Shepard,  Goessmann, 
Liebig,  Jenkins,  and  Wolf. 

On  motion  of  Dr.  White,  it  was  ordered  that  a  committee  of  five  be  appointed  to 
take  into  consideration  sections  5  and  6  of  the  order  of  business  and  report  thereon. 
Drs.  Habirshaw,  Wilson,  Neale,  Buck,  and  Pratt  were  appointed. 

On  motion,  section  5  of  the  order  of  business  was  amended  so  as  to  include  nitrates. 

The  convention  then  took  a  recess  until  6.30  p.  m.,  to  allow  the  committee  time  to 
report. 
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The  convention  came  to  oixier  at  7  \\  ni.  The  committee  on  gections  2,  3,  and  4 
(phosphoric  acid)  offennl  the  following  rej)ort,  which,  after  reading  and  being  dis- 
cussed by  several  gentlemen  at  considerable  length,  was  received  and  adopted. 


It  is  recommended  by  your  committee  to  whom  was  referred  the  selet^tion  of  a 
method  for  the  determination  of  phosphoric  acid  in  commercial  manures — 

That  this  convention  shall  agree  to  adopt,  provisionally,  the  methods  recommended 
by  Fresenius,  Neubauer,  and  Luck  in  their  article  **0n  the  best  methods  for  the 
analysis  of  artificial  manure's/' 

Zeitschrift  fiir  analytische  Chemie,  X,  p.  133,  with  the  following  suggestions: 

1.  That  the  fla>'k  containing  the  residue  (after  the  extraction  of  the  soluble  phos- 
phoric acid)  and  the  solution  of  citrate  Ije  introduced  into  a  cold  water  bath,  whfjse 
temperature  shall  be  rapidly  raised  to  40°  C,  and  there  maintained  for  one-half  hour, 
the  flask  being  shaken  every  live  minutes. 

2.  That  the  determination  of  the  **  reduced  "  phosphoric  acid  be  indirect. 

3.  That  all  the  determinations  be  gravimetric. 

.4.  That  a  committee  of  two,  to  l)e  named  by  the  chairman,  be  appointee!  to  pre- 
pare, on  the  above  basis,  a  detailed  method  for  the  analysis  of  commercial  manures, 
and  to  distribute  the  same  among  the  members  of  this  convention  and  others  inter- 
ested by  this  action. 

Charles  U.  Shepard,  Jr., 

Chairman  of  Commidu: 

The  following  report  of  the  committee  on  sections  5  and  6  of  the  prc^ramme 
(nitrogen  and  potash)  was  received  and  adopted: 


Edimation  of  nitrogen  and  pfAash  in  commercial  maymre*. 

I.  Determination  of  nitrogen  (total) : 

(a)  AVhen  the  three  forms  of  nitrogen  are  present  (nitrates,  ammonia  salts,  and 
organic  nitrogen) ,  a  combustion  with  oxide  of  copper  or  plumbic  chromate. 

(6)  When  nitrates  are  not  present,  a  combustion  with  soda-lime  and  the  resulting 
ammonia  estimated  with  platmum  chloride  or  titrated  with  a  normal  solution  (alkali) . 

II.  Determination  of  nitric  acid  when  in  presence  of  ammonia  salts  and  organic 
nitrogen: 

(a)  Nitrates  and  ammonia  salts  are  brought  into  water  solution  and  the  nitric  acid 
is  converted  into  ammonia  bv  Harcourt  and  Siewert's  process. —  (Zeitsi^hrift  fur 
analytische  Chemie,  1871,  334;'  Jour.  Chem.  Soc.,  1862,  381;  An.  Chem.  und  Phar., 
125,  293;  Sutton  Volumetric  Analysis,  London,  3d  ed.,  1876,  102  et  seq.) 

(6)  Nitrates  are  brought  into  water  solution  and  the  nitric  acid  estimated  by 
Schlossing's  method,  modified  by  Schultz,  viz,  distillation  in  presence  of  ferrous 
chloride  with  excess  of  hydrochloric  acid.  The  NO  gas  is  collected  and  measured.— 
(Schlossing's  Original  Paper,  Annal  de  Chim.,  3  ser.,  tom.  40,  479;  Jour,  fur  Pract. 
Chemi.,  62-142.) 

III.  Determination  of  nitrogen  existing  as  ammonia  salts: 

The  solution  in  water  is  distilled  with  magnesium  oxide  and  the  ammonia  esti- 
mated either  by  the  platinum  method  or  by  titration  with  normal  acid, 

IV.  Determination  of  the  nitrogen  when  existing  in  a  substance,  in  separate  forms, 
as  nitrates,  ammonia  salts,  and  oi*ganic  nitrogen: 

(a)  Estimation  of  total  nitrogen  by  I  a. 

ib)  Estimation  of  total  nitric  acid  by  II  b  or  II  a. 

fc)  Estimation  of  total  ammonia  salts,  III. 

(d)  Estimation  of  total  organic  nitrogen  by  difference. 

V.  Estimation  of  potash: 

Only  salts  of  potash  soluble  in  water  are  considered  in  this  report  (except  when 
the  potash  occurs  in  seeds,  in  which  case  previous  calcination  is  recommended) . 

(a)  Solution  in  water,  removal  of  sulphates,  phosphates,  and  magnesia  by  barium 
hydrate,  clearing  wuth  oxalate  or  carb.  ammonia  and  precipitating  with  platinum 
cliloride. 

W.  M.  Habirshaw,  Chairman. 

On  motion,  it  was  ordered  that  the  two  reports  be  referred  to  a  committee  of  two, 
who  should  copy  them,  giving  details  of  the  methods  to  be  employed,  and  send  to 
each  member  of  the  convention  a  copy  of  the  same. 
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On  motion,  a  letter  of  Dr.  S.  A.  Goodale  was  considered  and  referred  to  the  alx)ve 
coniniitt«*e. 

After  remarks  and  discussion  of  the  above  reports,  it  was  sugj<^*5ted  that,  since  so 
many  agricultural  chemists  were  present,  it  would  l)e  desirable  to  effect  a  permanent 
orjranization,  to  meet  from  time  to  time  ami  discuss  topics  of  interest  to  the  profes- 
sion.    Dr.  Ooessmann  offered  the  following  resolution: 

JifMoliYfl^  That  this  convention  form  a  section  in  the  subdivision  of  chemistry  in 
the  Ameritran  Association  for  the  Advancement  of  Science,  and  that  their  next  meet- 
ing Ik*  hel<l  in  Bostcm  (hiring  the  regular  meeting  of  th»4iforesaid  association. 

On  motion.  Dr.  (Joessmann's  resolution  was  adopted.  Dr.  Shei)ard  thought  it  would 
lx»  well  to  refer  the  matter  to  a  committee  to  draw  up  a  plan  for  a  jK^rmanent  organi- 
zation, and  offered  a  resolution  to  that  effect.  Drs.  (icK^ssmann  and  Wilson  were 
apiM)inted  to  arrange  for  a  iH»rnianent  organization  of  the  conventicm,  as  called  for  in 
the  resolution  of  Dr.  Shepard. 

On  motion,  section  7  of  the  order  of  business  was  taken  up  l)y  the  convention.  A 
long  disi'ussion  followtnl,  which  was  participated  in  l)y  Drs.  Kllzey,  Collier,  Jenkins, 
and  others.  No  final  action  was  taken  uixm  this  section,  but  it  will  ]ye  further  con- 
sidereal  at  the  forthcoming  meeting  of  the  convention  in  Boston.  The  committee  on 
permanent  organization  made  the  following  reiK)rt,  which  was  rt»ceived  and  adopted; 


The  committee*  on  jHTmanent  organization  propose  that  Dr.  Goessmann  Ix'  made 
chairman  until  the  next  annual  meeting  in  connection  with  the  American  Associa- 
tion for  the  Advancement  of  S<Mence,  and  that  Dr.  Ltnioux  1h'  appointe^l  secretary. 

P.   B.   \ViLS4iN,  Chnirniffu. 

On  motion,  the  thanks  of  the  convention  were  tendert^d  Judge  Hencierson  for  his 
courtesy  and  skill  as  jirt'sidiiig  officer. 

On  motion,  the  following  resolntion  was  unanimously  adopttnl: 

Jit.xohcfl,  That  the  thanks  of  this  c<invention  are  hereby  teinlere<i  to  ( Jeneral  L*»Duc, 
ComiiiisMoner  of  Agriculture,  for  his  courtesy;  and  also  to  Professor  Collier,  the  Chem- 
ist of  the  De{)artment,  for  his  kindness  and'attenti(m. 

On  motion,  the  convention  a<ljonrned. 

The  comniittet*  who  were  apiHuntc<l  to  write  out  the  details  of  the  methods  of 
determination  of  phosphoric  acid  have  forwanUsl  the  secretary  the  following 


Mi'thod Joi  thr  <lrtenii'nnit'nni  o/  phtu^ftlntrir  arid  in  nntiuwrriai  m<iunrt'.'<. 

1.  Pn»i)aration  of  the  sample.  It  is  not  to  1h»  ground,  Init  may  Ix*  ))roken  up  by 
hand,  and  shrmld  1h»  thoroughly  mixe<l  as  raj)idly  as  ]X)ssible  and  transferrt^d  to  a 
tightly  stopiKHl  lK)ltle. 

•J.  determination  of  the  soluble  and  "undecompostHl"  phosphoric  acid. 

(a)  Two  grams  of  the  material,  transferre<i  to  a  suitable  vessel,  are  niblKMl  up  with 
a  small  ouantity  of  cold  water  (carefully  avoiding  any  pulverization),  transferred  to  a 
filter  and  there  washeii  with  cold  water,  which  is  added  at  first  in  small  successive 
])orti<ms  until  the  washings  no  longer  n*act  acid. 

Soluble  phosphoric  aci(i  is  determined  in  the  filtrate. 

{h)  The  filter,  containing  the  "reverted"  and  "  undecomposed "  phosphates,  is 
caivfully  spread  on  a  glass  plate.  With  the  ai<l  of  a  wash  IxUtle  containing  100  cubic 
centiniett»rs  of  a  ]x»rfectly  neutral  solution  of  ammonium  citrate  (sp.  gr.  l.W))  the  resi- 
due is  washed  into  a  li|)f)e<i  ix)rcelain  mortar.  The  coarser  jK)rtions  are  alloweci  to 
settle,  and  the  fluid,  with  the  sus|K'nded  particles,  is  jK)urtMl  into  a  small  flask.  The 
residue  remaining  in  the  mortar  is  rublH.*d  to  a  very  fine  paste  and  brouarht  with  the 
remainder  of  the  ammonium  citrate  into  the  fiask,  which  is  then  corke<V. 

This  flai<k  is  put  into  a  cold  water  bath,  the  tem|x»rature  is  rapidly  raised  to  40°  C, 
and  there  maintaine<i  for  one-half  hour,  care  l)tMng  taken  to  shake  the  fiask  every 
five  minutes.     It  is  then  removeil  and  the  contents  immediatelv  tiltert^i. 
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The  residue  is  washed  two  or  three  times  with  a  mixture  of  equal  parts  of  water 
and  ammonium  citrate  solution,  and  used  for  the  determination  of'*  undecomposed  " 
pnosplioric  acid. 
3.  The  total  phosphoric  acid  is  determined  in  a  separate  portion  of  1  to  2  gram^. 
The  other  details  are  as  eiven  by  Fresenius,  Neubauer,  and  Luck  (loc.  cit.). 
The  committee  have  read  with  great  interest  the  communication  of  Dr.  S.  L.  Good- 
ale,  referred  to  them,  and  l^eg  leave  to  return  it  to  the  secretary  for  presentation  at  a 
future  meeting  of  the  convention,  when  its  contents  may  receive  the  attention  they 
deserv'e. 

Charles  U.  Shkpard,  Jr., 
EwD.  H.  Jenkins, 

CammiUef. 
The  aljove  is  respectfully  submitted, 

A.  R.  Ledoux,  Secretary. 
J.  T.  Henderson,  Chairman. 


In  harmon}'  with  the  vote  of  the  convention  the  association  assem- 
bled again  in  Boston  on  the  27th  of  August,  1880.  This  meeting  is 
also  worthy  of  perpetuation  in  the  printed  proceedings  of  this  associa- 
tion, and  so  the  minutes  are  inserted  in  full: 

Proceedings  of  the  Beoond  Meeting  of  the  Oonvention  of  Ag^onltnial  Chemists,  held  at  BostODi  Ibas., 

Angnst  27, 1880.' 

The  meeting  took  place  in  the  library  of  the  Society  of  Natural  History,  which  was 
kindly  set  apart  for  the  use  of  the  convention.  The  convention  came  to  order  at 
half  past  2.  Dr.  C.  A.  Goessmann  occupied  the  chair.  About  25  gentlemen  were 
present. 

The  minutes  of  the  meeting  in  Wafihington  were  read  and  approved. 

Drs.  Caldwell,  Kerr,  White,  At  water,  Sharpies,  and  Ledoux  took  part  in  discus- 
sions as  to  the  advantage  of  permanent  organization,  the  choosing  of  a  name,  etc.  A 
general  opinion  prevailed  that  for  the  present  at  least  it  would  be  sufficient  to  form 
a  subsection  or  subdivision  of  a  sulSsection  of  the  American  Association  for  the 
Advancement  of  Science.  It  was  suggested  by  Dr.  Clarke,  of  Cincinnati,  that  we 
unite  with  botanists,  practical  agriculturists,  and  others  to  form  a  subsection  of 
agricultural  scientists,  instead  of  simply  organizing  as  agricultural  chemists.  This 
proposition  did  not  meet  with  general  approval.  It  was  pointed  out  that  efforts  were 
already  being  made  to  organize  a  club  of  scientific  agriculturists;  that  in  fact  such 
an  organization  had  heew  effected  the  preceding  day.  It  was  also  state*!  that  such  an 
oi^nization  need  not  conflict  in  any  way  with  one  devoted  especially  to  chemical 
work  relating  to  and  connected  with  agriculture. 

The  minutes  of  the  Washington  meeting  having  been  approved,  the  chairman  stated 
that  the  next  business  in  order  was  the  reading  and  adoption  of  the  report  of  the 
committee  of  two,  to  whom  was  referred  by  the  convention  (for  elaboration  and 
amplification)  the  reports  of  the  committees  on  the  determination  of  phosphoric  acid, 
ammonia,  and  potash,  mlopted  by  the  convention  in  Washington.  The  reading  of 
the  report  brought  out  considerable  discussion  as  to  the  methods  which  were  recom- 
mended, in  which  Drs.  Atwater,  Caldwell,  and  others  took  part.  The  reports  wen? 
adopted  provisionally  for  one  year. 

Dr.  Clarke  stated  to  the  convention  that  a  movement  had  been  inaugurated  to  have 
a  section  of  chemistry  in  the  American  Association  for  the  Advancement  of  Science, 
and  suggested  that  this  very  desirable  object  could  possibly  be  attained  more  easily 
by  showing  the  association  that  not  only  were  the  chemists  ready  to  form  such  a  sec- 

^  Published  in  the  proceedings  of  the  thinl  meeting  of  the  convention  of  agriail- 
tural  chemists  held  at  Cincinnati,  Ohio,  August  18,  1881.  Jas,  H.  Folan,  printer,  79 
and  81  William  street.  New  York.     1881. 
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tion  but  were  even  ready  to  form  at  least  one  subsection — of  agricultural  chemistry — 
whenever  the  way  was  open.     Dr.  White  offered  the  following  resolution: 

Resolved^  That  a  committee  of  three  be  appointed  by  the  chair  to  take  such  step 
as  may  be  necessary  for  securing  the  formation  of  a  permanent  chemical  section  m 
the  American  Association  for  the  Advancement  of  Science,  and  the  establishment  of 
a  subsection  of  agricultural  chemistry  in  such  permanent  section,  should  it  be  formed. 

The  chairman  appointed  as  committee  Drs.  White,  Caldwell,  and  Ledoux. 

An  extended  discussion  was  then  had  concerning  the  best  means  for  securing  the 
cooperation  and  adoption  of  the  best  methods  of  analysis  by  not  only  the  chemists 
in  the  convention,  but  all  those  whose  duty  it  was  to  make  analysis  of  commercial 
fertilizers  throughout  the  country'.  Dr.  Sharpies  thought  methods  indorsed  by  the 
convention  would  be  considered  binding  by  other  chemists  throughout  the  country, 
but  considered  that  experiments  should  be  made  fully  to  establish  the  fitness  of  the 
methods  proposed  at  the  Washington  meeting. 

Dr.  Ledoux  said  that  while  he  thought  we  would  still  be  more  or  less  dependent 
for  some  years  upon  the  thought  and  experiments  of  the  chemists  of  the  Old  World, 
the  time  had  come  when  we  should  make  more  experiments  for  ourselves,  even  if  we 
do  nothing  more  than  confirm  the  methods  and  results  of  Fresenius,  Neubauer, 
Luck,  and  others.  He  suggested  that  many  chemists  would  be  glad  to  institute  any 
experiments  needed  to  attain  the  end  desired,  and  that  the  time  had  come  to  collate 
and  examine  the  various  methods  of  determining  phosphoric  acid,  ammonia,  and 
potash,  which  have  from  time  to  time  l>een  published  by  our  agricultural  chemists. 
He  considered  that  the  collection  and  examination  of  the  methods  published  and 
their  adoption  and  reduction  to  one  system,  after  careful  experimental  research,  would 
give  to  the  final  action  of  this  convention  an  authority  which  would  be  recognized  by 
every  one.  Several  gentlemen  expressed  their  willingness  to  make  any  experiments 
which  might  be  desired,  and  to  do  their  share  in  perfecting  a  scheme  of  analysis. 
The  following  resolution  was  unanimously  adopted: 

Resolved,  That  a  committee  of  five  be  appointed  by  the  chair  to  secure  the  cooper- 
ation and  experimental  research  of  agricultural  chemists,  to  collect  and  examine  the 
various  published  methods  of  fertilizer  analysis,  and  to  make  a  report  at  the  next 
meeting  of  this  convention;  and  that  we  individually  pledge  ourselves  to  conduct,  for 
this  committee,  any  experiments  or  tests  which  they  may  desire. 

The  chair  appointed  Drs.  S.  W.  Johnson,  C.  U.  Shepard,  jr.,  Peter  Collier,  W.  O. 
Atwater,  and  G.  C.  Caldwell. 

It  M^as  moved  by  Dr.  Collier  that  when  we  adjourn  we  adjourn  to  meet  at  the 
same  time  and  place,  in  1881,  as  the  American  Association  for  the  Advancement  of 
Science.     Adopted. 

It  was  moved  and  seconded  that  the  present  chairman  and  secretary  hold  over 
until  the  next  meeting.     Adopted. 

On  motion,  the  convention  adjourned. 

A.  R.  Ledoux,  Secretary. 

The  third  meeting  of  the  agricultural  chemists  was  held  in  Cincin- 
nati August  18, 1881.  In  connection  with  the  meetings  of  the  Associa- 
tion of  Official  Agricultural  Chemists,  it  is  important,  for  record  and 
also  for  reference,  that  the  proceedings  of  this  meeting  be  accessible  to 
the  members  of  the  association.     The}^  are  therefore  inserted  in  full. 

MIXT'T>X» 

The  meeting  took  place  in  the  room  in  Music  Hall  assigned  to  the  chemical  section 
of  the  American  Association  for  the  Advancement  of  Scdence.     Dr.  Goessmann,  the 


'  Proceedings  of  the  Third  Meeting  of  the  Convention  of  Agricultural  Chemists 
held  at  Cincinnati,  Ohio,  August  18,  1881.     Published  by  Jas.  H.  Folan,  New  York. 
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chairman  appoinUni  at  t lie  liostoii  meeting,  l)ein)r  abwnt,  the  convention  was  called 
to  order  l)y  the  secrt^tary,  A.  R.  Ix»doux. 

A  large  luimlx'r  of  chemists  was  present;  among  them:  W.  ().  At  water.  Middle- 
town,  Conn.;  A.  L.  Baker,  Baltimore,  Md.;  B.  X.  Baker,  Baltimore,  Md.;  H.  Car- 
rington  Boltcm,  Hartford,  Conn.:  (I.  C.  Caldwell,  Cornell  University,  New  York; 
H.  Y.  Castner,  New  York  City;  A.  F.  Crowell,  Woods  Hole,  Mass.;  C.  W.  Dabney,  jr., 
State  chemist.  North  Can)lina;  K.  W.  I)avis<m,  Baltimore,  Md.;  G.  W.  Davieon. 
Baltimore,  Md.;  E.  P.  Dunnington,  University  of  Virginia;  Albert  C.  Hale,  CV>lo- 
rado;  T.  M.  Hopke,  New  York  City;  K.  C.  Kedzie,  University  of  Michigaji:  A.  R 
Ledoux,  New  York  City;  (t.  W.  Lehmann,  Baltimore,  Md. ;  Nat.  W.  I..ord,  State 
chemist,  Ohio;  C.  F.  S.  I»we,  Augusta,  Cia. ;  W.  Mager,  Baltimore,  Md.;  J.  (4.  Mat- 
tison,  New  York  City;  L(>ckwo<^l  Myricke,  Boston,  Mass.;  Paul  S<'hweitzer,  Uni- 
versity of  Missouri;  W.  Simon,  Baltimore,  Md.;  Eugene  A.  Smith,  University  of 
Alabama;  J.  I^wrence  Smith,  Louisville,  Ky. ;  Alfred  Springer,  Cincinnati,  Ohio: 
C.  M.  Still  well.  New  York  (Mty;  AV.  P.  Tonry,  Baltimore,  Md.;  G.  Henr\'  William.^, 
Baltimore,  Md.;  P.  B.  Wilson,  Baltimore,  Md.;  C.  (iilbt^rt  AVTiet^ler,  Cliicago,  111.: 
H.  C.  White,  State  chemist,  (Jeorgia. 

Letters  were  read  from  Drs.  Collier,  (i()es.<mann,  Johnson,  Liebig,  Neil,  and  other?, 
regretting  their  inability  to  attend  the  nnH'ting. 

In  oix*ning  the  meeting,  I>r.  IamIoux  rcrited  the  history  of  the  convention  so  far, 
and  read  extracts  from  the  rejiorts  of  the  AVashington  and  Boston  meetings,  .showing 
what  had  In^en  done.  He  called  attention  to  the  fact  that  then*  had  Innni  c<»mpara- 
tivtly  littU  complaint  since  the  Washington  meeting  in  n^ard  to  the  results  obtained 
in  thedeterminati<ui  of  nitrogen,  potajsh,  total  and  soluble  phosphoric  acid;  but  that, 
in  spite  of  honest  endeavor  on  the  part  of  chemists  who  attended  the  foregoing  meet- 
ings to  adhere  strictly  to  the  methods  lai<l  down  and  adopted  by  the  convention,  the 
determinations  of  insoluble  or  reverte<l  j>hosphoric  acid  have  shown  the  most  unfor- 
tunate jliscrepancies.  These  discrepancies  wen?  clearly  a^^  great  as  they  had  ever 
been  Ix'fore  there  was  any  attempt  to  arrive  at  uniformity  in  methoti.  He  saitl  it 
had  Ikh^u  the  exi>erience  of  many  that,  working  on  the  same  sample,  in  the  same  lalx>- 
ratory,  two  chemists  wouM  get  results  al>surdly  at  variance;  and  we  liave,  as  far  a^ 
he  could  see,  come  no  nearer  a  solution  of  the  difficulties  than  we  were  two  years 
ago.  As  a  jn-oof  of  this,  Dr.  IahIoux  cife<l  a  notable  example.  Soon  after  the  Wash- 
ington meeting,  Dr.  She])ard  very  carefully  prepartni  five  siunples  of  artificial  fertili- 
zei-s,  anrl  submit te<l  them  to  a  numlK.»r  of  chemists  si»ecially  engage<l  in  agricultural 
analysis.  Each  analysis  was  made  in  du[>licate  c>r  triplicate,  following  most  carefully 
the  methods  laid  down  by  the  Wa.<hingt(m  convention,  with  results* simply  ludicrous, 
as  far  as  insoluble  phosphoric  acid  was  concerned.  These  analyses  were  never  pub- 
lished, but  IxMug  privately  circulated  among  some  of  the  chemists  who  atten<led  the 
Washington  convention,  tendc^l  to  prove  what  many  had  found  out  in  the  meantime 
by  their  own  experience,  that  not  yet  ha<l  a  metluxi  been  reache<l  which,  in  different 
hands,  would  give  even  a])proximately  uniform  results.  Dr.  Ix*doux  further  state*! 
that  another  difficulty  i)resented  itself  in  the  fact  that  we  have,  yielding  more  or  less 
to  our  citrate  solvent,  not  only  truly  "reverted"  i>hosphoric  acid,  but  insoluhle 
phosphoric  acid,  too,  in  certain  niechanieal  forms,  such  as  in  the  Peruvian,  Orchilla, 
Cura^oa,  Bat,  and  other  guanos. 

Dr.  Ledoux  further  stated  Avhat  were  the  rules  ai?  to  voting,  etc.,  and  the  pro- 
granune  for  business  adopte<l  by  the  convention  at  Wa.shington,  and  said  that  th«v 
were  adhered  to  in  the  adjourned  meeting  in  Boston. 

Dr.  K.  G.  Caldwell  was  then  called  to  the  chair. 

The  minutes  of  the  Boston  meeting  were  read  and  approved. 

The  rei)orts  of  committees  being  called  for,  Dr.  White,  chairman  of  the  committee 
on  permanent  organization,  rei)orted  that  their  efforts  to  establish  a  jK^rmanent  se<*- 
tit>n  of  chemistrv  in  the  .Vmorican  .Association  fr)r  the  Advancement  of  Science  were 
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al)oiit  to  })e  suceeR«ful,  and  that  said  Hectioii  would  probably  1h'  oryanizcHi  on  the 
j9th.  After  the  organization  of  said  section  the  way  woiil<l  In?  oiwntHl  for  the 
oroianization  of  a  substH*lion  of  agricultural  chemist?*.     The  reiK)rt  was  accepted. 

Professor  Johnson,  chainnan  of  the  committee  of  live  "  to  secure  the  cooiH*ration 
and  research  of  agricultural  chemists  on  the  present  methods  of  fertilizer  analyses/* 
not  l)eing  prt»sent  and  having  forwankni  no  rt^jx^rt,  and  Di-s.  Caldwell  and  Atwater 
l)eing  mem})ers  of  said  committee,  they  were  calUnl  upon  by  the  chair  for  informa- 
tion. They  rej>orte<l  that  one  or  two  comnmnications  IukI  l^en  forwanle<l  to  them 
))y  the  chairman;  but  it  was  their  opinion  that  no  <lefinite  conclusions  had  lx?en 
arrive<l  at  by  the  conunittee. 

It  was  moved  an<l  seconde<l  that  the  rule  for  voting  adopte<l  at  the  Washington 
convention,  an<l  adhere<l  to  in  Boston,  should  also  govern  the  pn»sent  convention. 
This  rule  is  a.^  follows:  *'  Only  those  who  are  practicing  analytical  chemists  shall  \ye 
entitled  to  vote  on  the  final  judgment  of  this  met^ting."  Drs.  Dabney,  Schweitzer, 
and  others  then  oi)ene<l  the  discussion  in  regard  to  the  jirt^sent  methods  in  use  for 
the  detennination  of  insoluble  or  reverted  phosphoric  aci<l,  calling  attention  to  the 
di>satisfaction  M'hich  existed  with  the  present  methods,  and  also  showing  the  diffi- 
culties in  the  way  of  arriving  at  any  metlunl  wliich  wouM  \ye  universally  accepted. 

Dr.  J.  Lawrence  Smith  said  that  although  he  had  not  recently  made  any  especial 
investigations  with  fertilizers  he  had  for  years  made  a  study  of  soils,  and  he  stated 
that  the  value  of  a  i)hosphatic  material  dej>ended  i\s  much  on  the  soil  as  it  did  on 
the  chonicid  condition  of  the  phosphate.  He  considere<l  that  there  was  no  such 
thing  as  an  al)soIutely  insoluble  phosphate  from  an  agricultural  i>oint  of  view,  and 
that  after  the  mechanical  condition  of  the  phosi)hate  ha<l  Ikvu  taken  into  considera- 
ti(m  he  di<l  not  know  why  some  simple  metlnMl  of  testing  the  relative  solubility 
coul<l  not  U'  arrived  at  by  agreement.  For  exanjplc,  why  could  we  not  use  a  given 
s<jlution  of  dilute  hydnK-hloric  acid  on  a  given  weight  of  phosphate,  allowing  it  to 
act  tor  a  given  time  at  a  given  temiH'rature,  or  some  other  i^jually  sinjple  plan. 

Mr.  R.  W.  L.  Rasin,  jm^sident  of  the  Chemical  and  Fertilizer  Exchange  of  Balti- 
more, then  i>resente<l  the  following  jK^tition: 

CuE.MirAL  AND  Fektimzek  Kxcif  VN(;P% 

RiAi/ro  BriLOiNc,  Skcond  STHEFn*, 

lialtitnotr,  AiKjiint  i<s',  ISSl. 

To  thf  ^iiHioaation  of  AfjneuJtiiral  (lietu'tata. 

<»extlemen:  The  Chemical  and  Fertilizer  Exchange  (^f  Baltimore  City,  of  which 
I  have  the  honor  to  Ik?  president,  and  the  views  of  which  onthe  (|uestion  of  analysis 
I  re>i»ectfully  l)eg  to  lay  l)efore  you,  is  an  organization  fonne<l  for  the  advaiuvment 
of  the  ctmnnercial  character  of  this  line  of  trade,  and  hence  actively  engagtsl  in 
watching  the  closely  allied  interests  of  the  guano  industry,  of  agriculture,  and  of 
agricultural  chemistrv. 

In  submitting  the  ft )1  lowing  report,  I  l)eg  leave  to  state  that  the  exchange,  in  giving 
expressiiju  to  the  opinion  hereinafter  containe<l,  has  l)een  guidtnl  by  the  exiH'rience 
of  all  its  members.  The  grave  imjiortance  of  the  decision  at  which  this  convention 
will  arrive  will,  I  trust,  l)e  readilv  concede<l,  and  the  exchange,  it  gives  me  pleasure 
to  announce,  entertains  the  firm  helief  that  you  will  give  its  views  the  i-onsideration 
to  which  the  practical  experience  of  its  memlx?rs — the  manufactureiv — ai)|)ears  to 
l>e  entitle<l. 

The  method  for  the  determination  of  revertCMl  or  pR'cipitatt^l  phosphoric  acid  in 
fertilizers  adopted  provisicmally  at  the  convention  of  this  a-^sociation  at  Washington 
in  July,  1880,  has  now  been  inpractical  operation  for  over  two  years,  and  ha.s  there- 
fore underp)ne  a  thorough  trial,  and  the  result  has  l)een  by  no  means  satisfactory. 
The  experience  of  the  cliemists  corroborates  the  exiK^rience  of  the  manufacturer. 
The  exchange  oi>enly  avows  that  the  continuance  of  the  citrate  meth(><l,  under  the 
rules  adoptt»d  at  Washington,  would  1k'  the  cause  of  great  dis-satisfaction.  Yet,  in 
inking  ui)on  you  the  adoption  of  the  oxalate  process,  with  si>ecifie<l  niles,  in  lieu  of 
the  citrate  metho<l,  the  exchange  urges  this  change  oidy  and  solely  for  the  reason 
that,  in  their  opinion,  only  the  oxalate  meth(Ml  metes  out  cvjual  justice  to  manufac- 
turer and  farmer.  The  siibj()ine<l  analyses  will  forcibly  illustrate  how  the  citrate 
method,  under  the  Washington  rules,  does  crying  injustice  to  the  guano  trade  and 
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to  the  farmer.    For  example,  a  sample  of  acid  phosphate  analyzed  by  that  process, 

allowing  thirty  minutes  as  time  of  digestion,  at  a  temi)erature  of  40®  C,  using 

50  cc  to  1  grani,  gave: 

2.75  per  cent  soluble   \  «  oo  «„«n  «u^«  «^;^ 
4.54  per  cent  reverted  }  ''^  *^'*^^-  P*^^'  «^^^' 

while  the  same  sample,  allowing  sixty  minutes  for  digestion  at  90°  C,  applying  100 

cc,  to  1  gram,  showed : 

10.71  Evened  }  ^^'^^  ^"^  ^^''^  *^'*^^-  P^^'  *^^^^- 
This  demonstrates  clearly  that  the  citrate  method,  under  the  rules  adopted  at 
Washington,  in  July,  1879,  fails  to  show  the  total  amount  of  available  phosphoric 
acid  contained  in  the  sample  in  question.  For,  if  it  were  not  contained  therein,  then 
the  second  analysis  could  not  make  it  appear,  and  hence  the  reality  of  the  existence 
of  13.33  per  cent  as  against  7.29  per  cent,  as  shown  by  adherence  to  the  Washington 
rules,  is  mdisputable.  Now  the  manufacturer,  as  well  as  the  farmer,  is  entitled  to 
know  the  true  character  of  the  goods  offered  for  sale  or  bought;  the  former,  because 
the  analysis  determines  the  commercial  value  of  his  goods;  the  latter,  because  it  is 
his  interest  to  know  w^hat  he  is  actually  applying  to  the  soil  for  its  amelioration. 

But,  in  all  States  where  analyses  are  required  and  made  by  the  respective  depart- 
ments of  agriculture  under  the  Washington  rules,  the  manufacturer  is  given  cre<lit 
for  much  less  than  his  goods  are  intrinsically  worth,  and  the  article  is  deteriorated 
in  the  eyes  of  the  purchaser.  The  former,  on  the  other  hand,  is  led  to  believe  that 
he  is  buying  an  inferior  article,  when,  in  point  of  fact,  the  actual  ingredients  far 
excee<l  his  expectations. 
A  similar  experiment  w^ith  ammoniated  goods  gave  the  following  results: 

ReS4"ph^'S.16  }Total  -ail.,  11.75  per  cent, 
under  sixty  minutes'  digestion,  90°  C.  and  100  cc  to  1  gram,  while  a  strict  obsen*- 
ance  of  the  Washington  niles  gave  only — 

Sol.  phos.  acid  3.59       \  r^^.^^  „„^;i    q  70  ,^^  ^^„^ 
Reverted  phos.  acid  5.15  }  ^^^^  *^^r^'  ^'^^  P^^  ^^^*- 

The  latter  analysis  would  thus  debar  from  sale  this  fertilizer  in  all  States  where  a 
minimum  standard  of  10  per  cent  is  required. 

How  unjust  it  is  to  give  the  manufactured  goods  the  character  of  an  inferior  article 
w-hcn  they  do  not  deserve  it,  how  imjust  to  keep  from  the  farmer  the  correct  infor- 
mation as* to  what  he  is  buying,  need  not  he  dwelt  upon  here.  Suffice  it  to  say,  that 
the  adoption  of  a  uniform  process,  which  assigns  to  each  article  its  true  intrinsic 
value,  is  an  imperative  demand  recognized  by  all  chemists.  Xor  is  thia  all.  The 
citrate  process,  under  the  Washington  rule,  has  been  the  cause  of  much  fault-finding 
with  chemists,  when,  in  point  of  fact,  the  scrupulously  const^ientious  adherence  to  the 
above  rules  was  all  chemists  could  l)e  blamed  for.  Yet  they  have  been  not  infre- 
quently blamed  for  incorrectness  when  they  sent  analyses  to  manufacturers  which 
showed  considerable  less  i)ercentage  of  the  various  ingredients  than  the  manufacturer 
full  well  knew  must  be — as  a  matter  of  fact,  was — contained  in  the  goods  analyzed 
from  the  fommla,  and  pro|K)rtion  in  which  the  ingredients  were  put  in.  Thus  the 
method  which  has  been  provisionally  adopted  two  years  ago  has  failed  in  every 
respect  to  be  more  than  a  fruitful  source  of  complaintand  friction. 

it  appears,  therefore,  not  onlv  exi)edicnt,  but  absolutely  necessiry  to  have  a  uni- 
fonn  method  adopted  which  will  fix  the  commercial  value  of  fertilizers  according  to 
their  intrinsic  value,  and  assign  also  proper  value  to  all  phosphatic  sources.  Science 
must  render  a  service  to  agriculture  by  giving  the  farmer  correct  reliable  information 
as  to  what  he  is  buying,  and  another  ser\nce  to  the  fertilizer  trade  by  giving  their 
goods  the  credit  they  deserve.  As  is  w^ell  known,  of  all  constituents  of  a  fertilizer, 
the  most  important  factor  is  the  available  phosphoric  acid  (whether  derived  from 
phosphate  of  lime  or  phosphate  of  iron) ,  and  the  larger  percentage  of  this  is  mostly 
furnished  in  the  reverted  or  precipitated  phosphoric  acid. 

The  oxalate  process,  which  this  exchange  resj)ectfully  urges  upon  this  convention 
for  favorable  consideration,  has,  so  far  as  known  to  the  members  of  the  exchange, 
been  giving  general  satisfaction,  and  has,  moreover,  been  used  by  many  chemists  in 
preference  to  the  citrate  method  on  account  of  its  greater  actcuracy.  It  appears  less 
liable  to  error,  has  shown  the  products  of  the  manufacturing  establishments  to  be 
what  the  farmer's  experience  confirmed  them  to  be  by  the  practical  results  obtained, 
and  seems,  therefore,  open  to  the  least  objection. 

In  confirmation  of  this  opinion  I  beg  to  hand  vou  a  letter  of  Dr.  G.  A.  Liebig, 
and  analyses  by  Drs.  Liebig,  Shepard,  Castner,  Collier,  and  Ledoux,  all  of  which  are 
respectfully  submitted  for  your  earnest  consideration. 

R.  W.  I.  Rasin,  PretiiileHt, 
A.  De  Ghequier,  fS^eianj. 
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Accompanying  the  foregoing  petition  were  the  following  papers: 

Laboratory  of  G.  A.  Liebig,  Ph.  D., 

Baltimore f  AugtuU  16,  1881. 
A.  De  Ghequier,  Esq., 

Secretary  of  Chemical  and  FertUker  Exchange,  Baltimore. 

Dear  Sir:  Your  favor  of  the  27th  ultimo  duly  received.  You  ask  me  to  give 
expression  to  such  reasons  as  I  may  have  for  preferring  the  **  oxalate  "  to  the  citrate 
method  in  the  determination  of  precipitated  or  revert^  phosphoric  sn'id  in  conmier- 
cial  manures. 

Upon  this  subject  I  think  I  can  hardly  say  more  than  I  have  said  already  in  the 
correspondence  which  you  have  in  your  possession,  covering  replies  to  interroga- 
tions propounded  by  a  committee  of  your  exchange.  Still,  as  you  desire  further 
expression,  I  will,  at  the  risk  of  renetition  briefly  ^ive  a  few  reasons,  which  have 
always  been  of  sufficient  weight  witn  me,  as  a  chemist,  to  cause  me  to  favor  the  oxa- 
late rather  than  the  citrate  method  in  such  determinations.  In  this  connection  it  is 
only  proper  that  I  should  remark  that  when  the  subject  was  under  consideration  in 
Washington  I  urged  my  views,  which  have  always  been  as  thev  are  now;  but  being 
in  the  minority,  I  was  content  with  the  provisional  adoption  of  the  citrate  method, 
feeling  sure  that  time  would  indicate  the  correctness  ana  justice  of  those  views  more 
effectually  than  my  simple  protest. 

In  the  remarks  I  make,  please  bear  in  mind  that  when  I  refer  to  either  method  it 
is  with  the  understanding  that  it  will  be  carefully  and  conscientiously  followed.  You 
will  feel  the  force  of  this  provision  when  I  tell  you  it  is  only  within  a  week  or  two 
that  a  prominent  chemist  wrote  me  that  he  should  like  to  know  a  method  by  which  all 
chemists  could  surely  find  the  same  results;  to  which  I  answered  to  the  effect  that 
no  method  w^ould  ever  insure  the  correctness  of  chemists. 

In  the  correspondence  before  named,  I  had  the  pleasure  of  telling  your  committee 
that  identical  or  nearly  identical  results  can  be  reached  by  either  method.  The  diffi- 
culties, however,  of  doing  the  work  correctly  are  more  numerous  with  the  citrate 
than  with  the  oxalate  method,  and  it  is  laid  down  that  of  two  given  methods  the 
simpler  is  to  be  preferred,  which  is  common  sense. 

One  serious  difficulty,  I  have  found,  is  in  the  fact  that  the  commercial  ammonium 
citrate  has  a  decided  acid  reaction,  rendering  the  utmost  caution  necessary,  so  much 
so  that  it  became  a  habit  with  me  to  manufacture  it  for  myself;  and  this  precaution 
becomes  more  necessary  when  we  are  dealing^  with  articles  containing  ferric  and 
aluminic  phosphates.  The  chemist,  not  knowing  the  nature  of  the  article  sent  him 
for  examination,  should,  of  course,  prefer  a  method  which  is  incapable  of  discrimin- 
ation, which,  in  my  opinion,  is  the  case  with  oxalate,  while  citrate  can  discriminate. 

It  is,  of  course,  idle  to  pretend  at  this  time  that  a  phosphate  containing  iron  or 
alumina,  if  made  available,  is  not  as  valuable  agriculturally  and  commercially  as  anv 
other  phosphate  containing  an  equal  amount  of  so-called  available  phosphoric  acid. 
Indeea,  it  is  Mulder  who  goes  so  far  as  to  attach  the  greater  value  to  phosphate  of 
iron^and  my  personal  experience  warrants  the  assertion  that  it  is  equally  as  valuable 
as  phosphate  free  from  such  combination. 

I  do  not  see  that  I  can  say  anything  more  than  I  have  already  said  to  your  exchange, 
except  that  I  hope  the  approaching  meeting  of  chemists  at  Cincinnati — to  which  I 
am  prevented  from  goin^^ — may  adopt  the  method  open  to  the  least  objection,  and, 
as  uniformity  in  results  is  the  thing  so  much  desired,  in  my  opinion  the  oxalate 
method  should  be  adopted  provisionally  or  permanently,  as  the  experience  and  wis- 
dom of  those  present  may  aecide. 

Hoping  this,  in  conjunction  with  my  former  letters,  may  convey  my  full  meaning, 
I  am,  dear  sir,  you  obedient  servant, 

G.    A.    LlEBIG. 

United  States  Department  op  Agriculture, 

Washington,  August  5,  1881. 
•W.  K  Lawton,  Esq. 

My  Dear  Sir:  Your  letter  of  the  2<1  came  duly  to  hand.  Please  accept  my  thanks 
for  your  promptness.  Now,  as  to  the  method  of  analysis:  I  can  assure  you  that  I 
am  Very  conservative,  and  by  no  means  inclined  to  believe  without  question  that  the 
method  adopted  is  the  best  one  to  determine  the  value  of  the  phosphates  analyzed. 
Of  course,  I  don't  mean  their  agricultural  value,  for  you  and  otner  dealers  can  alone 
fix  their  commercial  value.  But  I  am  aware  that  experiments  alone  upon  the  crop 
can  determine  the  relative  value  of  these  different  forms  of  phosphoric  acid,  and  as  a 
chemist,  even,  I  could  not  now  say  what  was  the  difference  between  that  P^Os  soluble 
in  excess  of  hot  citrate  of  ammonia,  ami  that  in  cold;  or  that  soluble  in  oxalate 
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solution.  In  fact,  I  do  not  know  that  there  is  any  difference  in  its  value  to  the  grow- 
ing plant.  I  asRure  you  that  in  any  arguments  you  may  have  to  advance,  you  will 
have  in  me  a  listener  aa-free  from  any  prejudice  as  one  can  l)e  who  has  been  interested 
in  these  matters  for  twenty  years.  I  hope  that  the  very  best  method  known,  or 
capaV)le  of  being  devised,  may  he  adopted  for  the  analyses  of  these  phosphates,  and 
I  am  wholly  with  you  to  that  end,  and  I  think  no  agricultural  chemist  will  be  will- 
ing to  oppose  such  a  result  being  brought  a))()ut. 

Sincerely,  yours,  Peter  CVillieb. 

MASSACHrSKTTS  AoRicrLTrRAL  C-olle(;k, 

('hemical  Department, 
Amherst^  3/a«8.,  Ang\iM  9,  ISSL 
AV.  (\  Lawtox,  Ksq., 

IWsiderit  of  the  Xavassa  Phoi^phate  Company^  Xew  York. 
Dear  Sir:  I  regret  that  previous  engagements  do  not  permit  me,  during  the  ?horl 
period  of  time  left  Iwtween  the  arrival  o?  your  sample  of  phosphate  (August  S)  and 
the  Ix^inning  of  the  Cincinnati  meeting,  to  carry  out  your  request  r(»garding  their 
chemical  analysis  as  directed.  As  the  results  of  the  d(»sire<l  examination  cau  not  l)e 
secured,  to  answer  vour  puq)Ose  as  specifiwl  in  your  letter,  as  far  as  time  is  conwnit^l, 
I  shall  not  begin  tfie  work  until  otherwist*  infomied.  I  expect,  that  the  committee 
apjK)inte<l  bj^  me,  as  chairman  of  the  Association  of  Agricultural  C'henusts  at  their 
Boston  meeting,  August,  1880 — Profs.  S.  W.  Johnscm,  CaUlwell,  Shenard,  Collier, 
and  Atwater — to  investigate  further  the  various  current  modes  of  fertilizer  analysi>\ 
and  to  report  at  the  comming  minting  at  Cincinnati,  will  do  much,  directly  and 
indirectly,  to  reconcile  contending  views.  One  of  the  main  objects  of  our  younv' 
organization  consists  in  a  svstematic  effort  to  harmonize  the  interests  of  the  fanning! 
connnunity  and  the  manufacturers  of  fertilizers,  and  thereby  promote  agricultural 
and  industrial  pn)gress  throughout  the  country.  Please  mx*epl  my  thanks  for  your 
confidence. 

Very  resjK'ct fully,  yours,  C.  A.  (Joessman. 

The  accompanying  analyses  were  also  exhibittnl  by  Mr.  liasin  with  the  following 
explanation: 

With  a  view  of  showing  the  relative  merits  of  the  Washington  citraie,  the  "high" 
citrate,  and  an  oxalate  method  of  <letermining  reverted  phosphoric  aci<l,  three  sam- 
ples wert^  very  carefully  prei)are<l  fn)m  Navaj*s*i  guano,  as  follows:  One  acid  phosphate 
marke<l  "I,"  (me  acid  phosphate  marke<l  *'II,"  and  one  amm(miate<l  phosphate. 
These  samples  were  sent  for  analysis  to  nine  different  chemists  with  the  requt^t  that 
they  analyze  them  ]>y  the  following  metlKxls: 

A.  The  Washington  meth(Kl  in  all  its  detail. 

B.  The  Washington  m€»tho<l,  with  the  exception  of  using  100  cubic  centimeters  of 
citrate  solution  for  one  hour  at  a  temperature  of  90®  C.  # 

C.  By  using  oxalate  of  ammonia  (without  any  definite  instnictions  as^'to  amount, 
time,  temperature,  etc.). 

Anaii/i<es  Juhj  omJ  Au(;iv<t,  /«y«sv. 

OXALATK. 


LiebiK.      Shvpard.     C'«stner.     CollitT.     I>«<loux,    Lt<loux.' 


Aritl  it/ittfijtlintt .  snnijth  Xt).  1. 

Soluble 0.75             1.75  1-^ 

Precipitated 9.48          lO.W  1<»  ~. 

Total  available 10.23          11.81  1^ «" 

Insoluble 4.90            4.00  4-^'" 

Arid  j»honphatt ,  mtnplf  Xo.  2. 

Soluble 2.:i5              l.iVS    1.08             1.59  l*'^* 

Precipitated 9.13             9.77    9.29            H.OH  7.9^ 

Total  available 11.48            11.35    10.37            9.67  9 '»' 

Insoluble 4.03              3.4S    5.10            5.9:1  »••*■' 

» These  analyses  were  made  by  a  different  ehemi.«il  in  the  latoratory  of  A.  R.  Ledoux  A  Co. 
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Analyses  July  and  Auffusty  IS^J — CVmtinueci. 
OX  AL  ATE— C?onti  n  iied . 


Liebig. 

• 

2. 78 

6. 36 

9.14 

♦Shepard.    Ca.«?iner. 
2.:w   

CollHT. 

Ledoux. 

2.02 
8.19 
10.21 
3.17 
.98 
2.74 

l>dcmx.> 

AmmouUitcd  sample. 
Soluble 

2.07 

Precipitated 

Total  arailable           

7.:w   .....77... 

9.74    

2.98    

1.:M    

2.89    

lATE. 

C.    30min.] 

8.00 
10  07 

Insoluble 

Potash 

Ammonia 

3.92 

1.12 
2.76 

3.30 
1.05 
2.72 

CITl 
[50  ("C.     40° 

Liebig.     Shepard.    Castner. 


Acid  phosphate,  sample  So.  1. 

Soluble 

Precipitated 

Total  available 

Insoluble 


I  I 

Collier.     Ledoux.    Ledoux.* 


2. 75 

0.75 

1.75 

1.79 

4.54 

6.49 

5.73 

5.89 

7.29 

7.24 

7.48 

7.68 

8.52 

7.89 

8.33 

8.40 

Acid  pho»phate,  sample  yo.  f . 

Soluble 

Precipitated 

Total  available 

Insoluble 


Ammoniaied  sample. 

Soluble 

Precipitated 

Total  available 

Insoluble 

Potash 

Ammonia 


1.43 
8.10 
9.53 
5.30 

2.27 
7.63 
9.90 
2.82 


1.08 
6.29  ' 
7.37 
8.10  ! 


3.58 
5.15  I 
8.73  I 
4.71 


2.98 


1.59 
5.17 
6.76 
8,86  , 

2.02 
5.87 
7.89 
5.49 
.98 
2.74 


1.59 
5.19 
6.78 
8.81 

2.07 
5.88 
7.9? 
5.42 
1.05 
2.72 


CITRATE. 
[100  cc.    90°  C.    60min.] 


Liebig.   |  Shepard.     Castner.     Collier.     Ledoux.    Ledoux.^ 


Acid  phosphate,  sample  No.  1. 
Soluble 

2.62 
10.71 
13.33 

2.35 

Precipitated 

Total  available 

Ingoluble 

j 

Acid  phosphate,  sample  No.  f. 
Soluble 

1.43 

Precipitated 

12.09 

13.62 

■     1.31 

Total  available 

Insoluble . . . « 

0.75 
11.79 
12.54 

2.59 

1.08 
12.47 
13.55 

1.92 


I 


1.75 
12.66 
14.41 

1.40 


1.59 
12.61 
14.20 

1.42 


1.79 
12.92 
14.71 

1.37 

1.59 
12.52 
14.11 

1.48 


1  These  analyses  were  made  by  a  difTerent  chemist  in  the  laboratory  of  A.  R.  Ledoux  &  Co. 
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Analynes  July  and  August ^  1881 — Continued. 
CITRATE— Continued. 
[100  cc.    90°  C.    60mln.] 


I  Liebig. 

Shepard. 

Castner. 

Collier. 

Ledoux. 

Ledoax._J 

Ammonicded  mmple.                 ' 
Soluble ' 

3.69 

2.02 
9.62 

2.07 

Precipitated ' ' 

Total  a  vai  lable ' ' 

8.16 
11.75 

9.57 

11.64 

1.74 

.98 

2.74 

11.  W 

Insoluble ' ' 

1.60 

1.73 

Potash ' 

1.05 

Ammonia                    

2.98 

o  7) 

1      ~" 

1  These  analyses  were  made  by  a  different  chemist  in  the  laboratory  of  A.  R.  Ledoux  &  Co. 

The  available  phosphoric  acid,  as  obtained  by  the  various  methods,  is  inserted 
below  for  the  sake  of  showing  more  plainly  the  different  results: 


Acid  phosphate,  No.  1 . 
Acid  phosphate,  No.  2. 
Ammoniated 


OXALATE. 


Liebig. 


Shepard. 


11.48  1 
9.14  I 


11.35 
9.74 


Castner. 


Collier. 


Ledoux,  l.j  Ledoux,! 


10.23 
10.37 


11.81 
9.67  I 
10.21 


12.01 
9.57 
10.0: 


Acid  phosphate,  No.  1 . 
Acid  phosphate,  No.  2. 
Ammoniated 


CITRATE. 
[50  cc.    40°  C.    30min.] 


Uebig. 


Shepard.  I  Castner. 


1  I 

Collier.    Ledoux,  1.  Ledoux,! 


9.58 
9.90 


7.29  I 

8.73  1. 

I 


7.24 
7.37 


7.48 
6.76 


7.68 
6.78 
7.95 


CITRATE. 
[100  cc.    90°  C.    60min.] 


'  Liebig. 

1 

'  Shepard. 

Castner. 

Collier. 

Ledoux,  1. 

Ledoux.! 

Acid  phosphate,  No.  1 

13.83 

12.54 
13.55 

14.41 
14.20 
11.64 

itn 

Acid  phosphate,  No.  2 

13.52 

.4.11 

Ammoniated 

n.75 

11.  M 

' 

Note.— The  "moisture"  In  these  samples  was  not  reported.  The  variation  in  some  of  the  results 
is  undoubtedly  due  to  a  difference  in  the  amounts  of  this  constituent. 

Mr.  Rasin  also  handed  in  letters  received  from  a  number  of  chemists  expressing 
their  views  concerning  the  oxalate  method;  in  some  instances  disapproving,  in  others 
expressing  their  willingness  to  abide  by  the  decision  of  the  convention.  Professor 
Tonry  discussed  at  length  the  disadvantage  of  the  citrate  method,  especially  empha- 
sizing tlie  injustice  which  it  did  to  those  fertilizers  containing  large  amounts  of  iroii 
and  alumina,  and  in  which  the  reversion  had  been  caused  by  these  bases  instead  of 
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lime.  Recent  experiments  were  cited  which  had  been  made  in  England,  Scotland, 
and  Gennany  to  prove  that  in-  many  instances,  at  least,  reverted  phosphate  of  iron 
was  as  valuable  agriculturally  and  the  equivalent  of  phosphate  of  lime. 

Dr.  Simon  called  attention  to  the  difficulty  of  obtaining  neutral  citrate  of  ammonia, 
or  of  maintaining  it  after  it  had  been  secured,  and  to  the  marked  effect  which  was 
exerted  by  different  degrees  of  alkalinity  produced  by  the  addition  of  ammonia  for 
the  sake  of  neutralization.  In  contrast  to  this,  he  called  attention  to  the  stability  of 
oxalate  of  ammonia. 

He  was  followed  by  Dr.  Ledoux,  who  pledged  himself,  as  he  thought  all  chemists 
present  would  do,  to  adopt  whatever  method  the  convention  indorsed.  He  called 
attention  to  the  fact  that  the  Washington  and  Boston  meetings  had  each  indorsed 
the  method  of  Fresenius,  Neubauer,  and  Luck,  provisionally  for  one  year;  that  the 
year  had  already  expired,  and  consequently  there  is  now  no  authorized  or  official 
method,  so  far  as  American  agricultural  chemists  are  concerned.  He  further  called 
attention  to  the  difficulty  of  filtering  rapidly  when  the  citrate  solution  is  employed, 
and  the  consequent  discrepancies  in  point  of  time  which  must  exist  where  one  solu- 
tion, filtering  rapidly,  remained  in  contact  with  the  solvent  for  a  much  shorter  period 
than  in  the  case  of  another. 

Mr.  Stillwell  said  he  had  used  the  citrate  method  for  years,  and  in  his  hands  he 
finds  this  method  quite  satisfactory'.  He  found  no  difficulty  in  filtering  all  solutions 
containing  the  citrate  rapidly  if  proper  care  was  used.  He  considered  the  oxalate 
and  citrate  methods,  when  carried  on  under  the  same  conditions,  entirely  the  equiva- 
lents of  each  other  in  guanos  and  ordinary  superi>hosphates,  excepting  when  iron 
and  alumina  were  present.  In  the  latter  case  he  had  ob8er\'ed  great  discrepancies. 
The  citrate  process  seemed  to  favor  superphosphates  free  from  iron  and  alumina, 
which,  in  his  opinion,  was  rather  unjust,  as,  in  his  experience,  superphosphates  con- 
taining iron  and  alumina  gave  as  good  results  on  the  field  as  any  others.  In  his 
experience  two  chemists  in  the  same  laboratory  could  use  the  citrate  method  with 
proper  care,  and  have  their  work  agree  within  reasonable  limits.  The  same  was  true 
of  the  oxalate.  In  view  of  the  fact  that  he  has  tried  both  methods,  and  that  there 
was  eo  much  dissatisfaction  with  the  citrate,  and  since  he  considered  them,  properly 
conducted,  the  equivalent  of  each  other,  excepting  in  the  case  of  iron  and  alumina 
phosphates,  he  had  concluded  to  adopt  hereafter  the  oxalate  method. 

Professor  Lord  said  he  considered  that  a  great  part  of  the  discrepancies  and  variar 
tions  was  due,  not  so  much  to  the  solvent,  but  to  the  differences  in  carrying  out  the 
details.  He  hoped  that  whatever  method  was  adopted,  the  details  would  be  so  clearly 
and  plainly  stated  it  would  be  impossible  to  have  any  more  trouble  on  this  account. 
He  objected  to  the  term  "reverted"  as  not  implying  the  whole  truth  about  the 
phosphates  dissolved  by  the  citrate  or  oxalate  solvent  and  suggested  that  chemists 

adopt  the  term  "  Phosphoric  acid  soluble  in at deg.  C."  (whatever  solvent 

and  temperature  might  be  adopted) .  He  hoped  that  not  only  the  methods  of  con- 
ducting the  analysis  would  be  very  clearly  and  definitely  agreed  upon,  but  that  even 
the  apparatus  to  be  used  in  each  case  should  be  specified. 

Dr.  Lehmann  stated  that  his  home  was  in  Weisbaden;  that  he  had  studied  with 
Freseniite,  and  was  thoroughly  familiar  with  the  method  of  Fresenius,  Neubauer,  and 
Luck;  that  he  knows  it  was  adopted  mainly  with  a  view  to  its  application  for  the 
analysis  of  bone  products  and  others  where  little  or  no  iron  was  present.  He  too 
considers  the  difference  in  method  and  time  of  grinding,  stirring,  shaking,  and  filter- 
ing, etc. ,  grave  causes  of  discrepancy.  In  his  experience  oxalate  of  ammonia  solutions 
filtered  imiformly  well. 

Dr.  Tonry  moved  that  instead  of  the  so-called  citrate  of  ammonia  method,  the  con- 
vention do  adopt  provisionally  for  one  year  oxalate  of  ammonia  as  a  solvent. 

Dr.  Ledoux  stated  that  there  were  three  interests  involved  in  whatever  decision 
was  arrived  at  by  the  convention;  the  interests  of  manufacturers,  the  interests  of 
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farmers,  and  the  jirDfessional  interests  of  the  themists.  Sim»e  it  was  apparently 
impossible,  either  in  Ihia  country  or  in  Euroi^e,  with  our  present  lights*,  to  arrive  at 
thoroughly  satisfactory  methods,  rendering  it  impossible  to  stand  upon  entirely  scien- 
tific grounds  in  the  discussion,  chemists  must  consider  the  commercial  points  at  isssue 
l>etween  buyers  and  sellers,  and  obsen'e  a  strictly  neutral  and  just  middle  ground. 

Dr.  White  said  that  he  had  analyzed  over  350  samples  of  fertilizers  lasft  year,  and 
foimd  little  or  no  trouble  with  the  Washington  method.  He  not  only  checks  his 
work  by  duplicate  analyses,  but  again  and  again,  when  the  same  samples  have  been 
returned  to  him  without  his  knowledge,  he  has  found  his  previous  work  cf>rrobo- 
rated.  The  new  analysis  agreed  with  the  former.  He  acknowledged  that  his 
analyses  did  not  always  agree  with  those  of  other  chemist.*'.  He  stated  that  we  were 
in  ix)SKession  of  but  few  results  making  comparison  of  the  oxalate  with  the  citrate 
method,  but  he  did  know  that  *'an  especial  British  commission,  after  considering 
the  very  subje<*t  which  we  are  now  discussing  for  over  two  years,  decide^l  that  the 
oxalate  process  was  the  very  worst  of  all,  in  regard  to  the  discrepancies.*'  Since,  as 
has  been  stateil,  we  are  not  all  agreed  as  to  what  shall  be  included  by  the  term 
"  reverted,"  he  was  earnestly  opposed  to  any  change,  for  the  present,  from  the  Wash- 
ington method,  but  preferred  that  the  whole  subje<*t  be.again  referred  to  a  committee, 
with  instructions  to  make  certain  tests  which  could  be  suggested.  He  fiuiher  stated 
that  we  could  not  base  a  scientific  discussion  on  the  analyses  of  the  samples  of  Xavassa 
guano  just  reported,  bei-ause  we  know  nothing  as  to  how  they  hml  l>een  prepared, 
and  their  numl)er  was  too  few  to  allow  us  to  generalize  from  their  results.  He  there- 
fore moved,  as  a  substitute  to  Professor  Tonry's  resolution,  that  the  subject  \m  again 
referred  to  a  committee  to  investigate  and  report;  and  that,  until  said  report  shall  be 
made,  the  Washington  method  l)e  adhered  to. 

Dr.  Dabney  seconded  this  motion,  and  he  declared  that,  following  the  Washington 
methcKl  as  nearly  as  i)os8ible,  except  in  a  few  minor  details,  his  n*sults  agreed  clost»ly, 
and  he  was  entirely  satisfied  with  the  present  system.  He,  too,  had  found  by  exi>c»ri- 
ence,  that  in  artificially  prepare<l  reverte<l  phosphate  of  lime,  the  Washington  method 
was  entirely  satisfactory,  but  did  not  consider  it  always  so  in  phosphates  containing 
iron. 

Professor  Atwater  said  he  was  pleased  to  see  a  spirit  of  concession  and  harmony  in 
the  convention,  and  earnestly  desired  that  all  interests  involved  should  l)e  carefxilly 
considered  and  harmonized.  It  being  1  o'clock,  he  moved  that  the  convention 
adjourn  until  2.     Carried. 

The  convention  came  together  at  2  o'clock  and  Professor  Tonry  insisted  that  his 
motion  should  be  put.  He  reiterated  his  previous  statement  that,  in  many  legal 
controversies  which  he  has  been  engaged  as  expert,  the  court  favored  the  oxalate 
method  as  usetl  in  Baltimore.  He  simply  desired  to  press  his  resolution  that  oxalate 
of  ammonia  be  a<lopted,  leaving  the  questitm  of  method  to  be  settled  in  some  other 
manner.  He  stated  that  he  found  the  oxalate  method  best  in  point  of  expedition  and 
accurac'y. 

Dr.  Dabney  protested  against  any  change,  explaine<l  the  system  of  obtaining  sam- 
ples in  North  Carolina  and  of  making  analyses. 

By  courtesy,  Mr.  Tonry  withdrew  his  resolution  temporarily  to  allow^  a  motion 
that,  in  the  discussion  which  should  follow,  each  speaker  should  he  limited  to  l^xe 
minutes.     Adopte<l. 

Dr.  J.  Lawrence  Smith  considered  it  possible  that  a  fair  way  out  of  the  difficulty 
would  l)e  to  dis<*ard  the  term  **  reverted  "  altogether  and  simply  report  the  amount 
of  phosphate  soluble  in  a  given  solution,  whether  of  acid  or  not,  as  might  be  agreed 
upon. 

Dr.  Dabney  again  spoke,  rei)eating  his  convictions  that  the  citrate  method  would 
give  e<iually  correct,  if  not  better,  results  than  the  oxalate  method. 
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Mr.  Kafiln,  on  behalf  of  the  manufacturers,  stated  that  all  mamifactiirers  had  been 
intensely  annoyed  and  their  business  interests  seriously  interfered  with  by  the  great 
difference  in  the  analyses  of  their  goods,  and  consequently  in  the  great  difference  in 
the  commercial  valuations  as  applied  by  the  various  State  departments.  While  he, 
as  president  of  the  Chemical  Exchange,  had  presented  a  peution  stating  candidly 
that  they  favored  the  oxalate  method,  he  wished  to  say  that  all  they  wanted  waa 
justice  and  uniformity,  and  was  willing  that  the  convention  should  adopt  the  oxalate 
method,  or  the  citrate  method,  with  certain  changes;  either  would  satisfy  the  manu- 
facturers. 

Drs.  Simon,  Lehmann,  Ledoux,  and  others  foUowed,  discussing  the  oxalate  method. 
The  last  stated  that  since  the  European  chemists  have  failed  to  agree  on  a  definite 
method,  examining  the  question  from  a  chemical  standpoint;  since  they  have  been 
discussing  the  question  longer  than  we  in  this  country,  he  feared  we,  too,  would  find 
it  impossible  to  agree  on  any  result.  He  had  found  it  exceedingly  difficult  to  keep 
the  temperature  absolutely  within  the  limits  prescribed  by  Fresenius,  Neubauer,  and 
Luck,  but  agreed  with  Mr.  Basin  that  we  must  strive  for  truth  and  uniformity. 

Dr.  Atwatei  said  that  the  manufacturers  had  put  their  case  fairly  and  honestly,  and 
had  agreed  to  abide  by  the  decision  of  the  chemists.  It  was  clear,  he  thought,  that 
they  demanded,  and  rightly,  that  our  method,  if  not  just,  should  be  at  least  uniform. 
He  believed  that  we  should  make  any  change  which  appeared  to  approach  nearer  to 
uniformity  than  we  are  at  present,  and  he  stated  that  it  seemed  to  him  that  the 
oxalate  method  was  a  shade  nearer  imiformity  than  the  citrate. 

Professor  Dunnington  examined  in  detail  the  reports  of  analyses  of  Navassa  guano 
which  had  been  submitted  to  the  convention,  and  pointed  out  th6  fact  that,  although 
no  instruction  had  been  given  as  to  what  method  should  be  employed  in  the  ammo* 
nium  oxalate  test,  and  definite  instructions  had  been  given  for  each  of  the  citrate 
tests,  the  discrepancies  with  the  oxalate  were  considerably  less  than  with  either  of 
the  citrate  methods. 

Messrs.  Still  well,  Ledoux,  and  others  stated  their  readiness  to  abide  by  the  decision 
of  the  convention,  whatever  it  might  be,  as  did  Drs.  Dabney,  White,  and  others. 

The  question  being  called  for,  the  chairman  decided  it  was  on  the  substitute  offered 
by  Dr.  White.  Dr.  White  was  requested  to  put  his  resolution  in  writing.  It  was  as 
follows: 

Resolved,  That  the  method  provisionally  adopted  by  the  Washington  meeting  be 
continued  for  one  year,  and  that  the  matter  of  the  relative  merits  of  the  citrate  arid 
oxalate  methods  be  referred  to  a  committee  of  five,  appointed  by  the  chair,  to  report 
at  a  subsequent  meeting. 

Dr.  Ledoux  called  attention  to  the  extreme  improbability  of  our  being  able,  by  any 
amount  of  experiment,  to  arrive  at  a  scientifically  accurate  method,  and  considered 
it  necessa^  to  simply  agree  upon  the  solvent  and  method  to  be  employed  for  the 
coming  year  and  all  stand  by  the  agreement. 

The  substitute  of  Dr.  White,  being  put,  was  lost  by  the  following  vote: 

Aye — ^Atwater,  Dabney,  Lord,  White. 

JVb— Baker,  Castner,  Crowell,  Davison,  Lehman,  Lowe,  Mager,  Simon,  Stillwell, 
Tonry,  Wheeler,  Williams,  Wilson. 

The  following  gentlemen  were  absent  or  refrained  from  voting: 

B.  N.  Baker,  Bolton,  Caldwell,  Davison,  Dunnington,  Hale,  Hopke,  Kedzie, 
Ledoux,  Mattison,Myricke,  Smith,  Schweitzer,  Springer. 

A  number  of  gentlemen  explained  their  votes.    The  motion  was  lost. 

The  question  then  recurred  to  the  original  motion  of  Dr.  Tonry — ^that  oxalate  of 
ammonia  be  substituted  for  citrate  as  a  solvent. 

Professor  Caldwell  spoke  upon  this  motion.  He  had  listened  to  the  statements  of 
the  various  chemists  with  interest.  He  considered  that  the  protection  had  been 
mainly  for  the  benefit  of  the  farmers  and  that  it  was  time  the  manu&cturers  were 
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protected  a  little.  He  was,  therefore,  in  favor  of  trying  the  ox^ate  method  for  a 
while.  It  was  all  a  matter  of  experiment,  and  if,  at  the  end  of  the  coming  year,  the 
oxalate  method  is  found  to  be  unsatisfactory,  it  can  be  readily  changed. 

The  resolution  of  Professor  Tonry  being  put,  it  was  adopted  bv  the  following  vote: 

Aye — ^Baker,  Castner,  Crowell,  Davison,  Dunnington,  Ledoux,  TiPhman,  Lowe, 
Mager,  Stillwell,  Simon,  Tonry,  Williams,  Wilson. 

iVo— Atwater,  Dabney,  Lord,  Wheeler,  AVhite. 

Absent  or  refrained  from  toting — B.  N.  Baker,  Bolton,  Caldwell,  Davison,  Hale, 
Hopke,  Kedzie,  Mattison,  Myricke,  Schweitzer,  Smith,  Springer. 

Dr.  Ledoux  offered  the  following  resolution,  w^hich  was  unanimously  adopted: 

Rewired,  That  a  committee  of  seven  be  appointed  to  consider  the  best  method,  and 
its  details,  for  the  determination  of  insoluble  or  reverted  phosphoric  acid  bj'  the  use 
of  ammonium  oxalate;  that  this  committee  be  instructed  to  report  as  soon  as'possible; 
and  that  we  pledge  ourselves  to  adopt  the  method  chosen  bv  the  committee;  that 
the  committee  be  appointed  as  follows:  One  by  the  chair,  three  by  the  pre:?ident 
of  the  Chemical  and  Fertilizer  Exchange,  and  three  to  be  the  State  chemists  in  charge 
of  fertilizer  control  present  at  the  meeting,  \\z,  Drs.  Dabney,  Lord,  and  White. 

The  chair  appointed  Prof.  W.  O.  Atwater.  The  president  of  the  Chemical 
Exchange  appointed  Messrs.  Lehmann,  Simon,  and  Stillwell. 

It  was  moved  that  a  committee  be  appointed  to  continue  the  investigation  of  the 
whole  subject  of  the  determination  of  insoluble  phosphoric  acid,  comparing  the  vari- 
ous methods  now  in  use  and  reporting  to  this  convention  when  prepared  to  do  so. 

The  chair  appointed  Messrs.  Ledoux,  Goessmann,  Jenkins,  Liebig,  and  Stillwell. 

It  was  moved  th^t  the  committee  appointed  last  year  to  provide  for  the  absorption 
of  the  present  convention  into  the  American  Association  for  the  Advancement  oi 
Science,  as  a  subsection  of  chemistry,  be  continued  with  full  power  to  act.     Carried. 

Mr.  Charles  M.  Stillwell  then  read  the  following  paper: 

0^1  the  preparation  of  superphosphates  for  analysis. 

The  few  words  which  I  have  to  say  to-day  will  be  confined  chiefly  to  the  sampling 
and  preparation  of  a  superphosphate  for  analysis.  The  large  majority  of  superphos- 
phates which  are  received  for  analysis  in  our  laboratory  are  freshly  made,  containing 
often  22  to  25  per  cent  of  water,  full  of  Imnps,  hard  and  soft  pieces  of  bone,  meat, 
gristle,  etc.,  from  half  an  inch  in  diameter  upward.  It  is  impossible  by  following 
the  plan  adopted  last  year,  of  breaking  up  the  lumps  with  the  fingers,  to  get  a  fair 
average  sample  fit  for  analvsis  from  such  a  superphosphate. 

A  case  in  point  will  partly  illustrate  this  statement.  Last  year  we  sampled  a  cargo 
of  superphosphate  ana  divided  our  larj?e  average  sample  into  exactly  duplicate  sam- 
ples, which  we  seale<l.  These  were  sent  to  three  other  chemists  of  well-known  repu- 
tation. The  results  obtained  were  as  follows,  reckoning  to  a  dry  basis  for  the  sake 
of  a  better  comparison: 

Our  result  was  total  phosphoric  acid  on  dry  basis,  13.80  per  cent;  the  results  of  the 
other  chemists  were  14.32,  14.64,  and  15.21  per  cent  on  dry  basis.  We  were  then 
told  by  the  manufacturer  that  the  cargo  should  contain  13.75  per  cent  phosphoric 
acid  oh  drv  basis,  as  estimated  from  previous  analyses  of  the  ingredients.  There  can 
be  no  doubt  that  a  part  at  least  of  tliis  difference  was  due  to  imi)erfect  preparation 
of  the  sample  for  analysis,  l)ecause  this  superphosphate  was  one  of  that  class  to  which 
I  referred  a  moment  ago,  a  peculiarly  dimcult  one  to  prepare  for  analvsis. 

Until  about  a  year  ago,  the  method  adopted  by  me  was  one  to  which  i  have  referred 
in  my  pap<ir  "  On  the  estimation  of  precipitated  or  reduced  phosphoric  acid  in  puper- 

ehosphates"  (Pr(x\  of  Amer.  Chem.  Soc,  vol.  2,  p.  64).  This  plan  was  adopted  by 
►r.  Walz  many  years  ago,  and  later  by  myself,  because  it  gave  such  imifonnly  accu- 
rate results.  In  brief,  it  waa  the  drving  of  a  large  amomit  of  the  superphospnate  at 
100°  C,  grinding  in  a  mortar,  and  sifting  the  dried  mass  through  a  sieve  of  about  100 
meshes  to  the  inch.  The  moisture  left  in  the  finely  grt^und  sample  was  estimate*!, 
and  the  results  obtained  by  analysis  were  calculated  back  to  the  original  sample. 
The  process  of  drying  reduced  the  amount  of  available  phosphoric  acid  by  about  0.10 
to  0.15  per  cent  in  an  ordinary  superphosphate,  but  this  lower  result  might  well  be 
neglected  on  account  of  the  greater  accuracy  obtained  from  the  use  of  such  a  tinely 
ground  average  sample. 
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About  a  year  ago,  when  the  use  of  Orchilla  guano,  mixed  with  an  acid  phosphate 
or  an  ammoniated  phosphate,  was  be^n  by  New  York  manufacturers,  we  found 
that  this  plan  woula  not  answer.  During  the  process  of  drying,  the  undecom posed 
carbonate  of  lime  in  the  Orchilla  ^uano  reacted  on  the  soluble  and  reverted  phos- 
phoric atud  and  reduced  a  part  of  it  to  the  insoluble  form.  For  instance,  a  super- 
phosphate dried  at  100°  C,  gave  of  insoluble  phosphoric  acid  4.94  per  cent;  another 
portion  of  the  same  sample,  air  dried,  gave  of  msoluble  phosphoric  acid  4. 28  per  cent. 
Another  sample,  dried  at  100°  C,  analyzed  as  follows: 

Per  cent. 

Soluble  nhosphoric  acid 2. 68 

Revertea  phosphoric  acid 6. 18 

Insoluble  phosphoric  acid 4. 94 

A  portion  of  this  sample,  air  dried,  gave  of — 

Per  cent. 

Soluble  phosphoric  acid 2. 92 

lieverted  phosphoric  acid 6. 60 

Insoluble  phosphoric  acid 4. 28 

Thus  showing  a  loss  of  0.66  per  cent  in  the  amount  of  available  phosphoric  acid  caused 
by  drj'ing  at  100°  C.  In  an  article  by  S.  Drewsen,  in  Fres.  Zeit.  f.  Anal.  Chem., 
1881,  p*  ^i  the  statement  is  made  that  it  is  immaterial  whether  a  superphosphate  is 
dried  at  100°  C.  or  not.  But  we  know  that  a  serious  loss  is  occasioned  by  such 
treatment  in  samples  containing  Orchilla  guanos. 

This  action  of  tne  carbonate  of  lime  upon  the  available  phosphoric  acid  goes  on  for 
weeka  after  the  two  are  mixed  together.  An  analysis  of  the  sample  referred  to 
alx)ve  as  containing  4.28  per  cent  of  insoluble  phosplioric  acid  showed,  a  month  after 
the  first  analysis,  an  insoluble  of  5.29  per  cent.  This  sample  had  been  kept  in  a 
2-quart  fruit  jar  in  a  cool  place;  but  an  analysis  of  the  cargo  by  another  chemist,  after 
it  arrived  at  its  port  and  had  been  kept  in  bulk  for  alK)ut  the  same  time,  showed  an 
in.soluble  of  6.36  per  cent.  These  insolubles,  referre<l  to  in  the  analyses  quoted  above, 
were  made  by  the  citrate  of  ammonia  method,  as  adopted  two  years  ago. 

The  method  which  we  have  used  for  a  year  past  for  the  preparation  of  superphos- 
phates is  as  follows:  The  whole  of  the  sample  obtained,  which  may  be  5  or  8 
I)ounds,  is  sifted  through  a  coarse  iron  sieve,  with  meshes  one-quarter  of  an  inch 
eciuare.  The  lumps  are  rubbed  through  or  broken  in  a  mortar,  and  the  whole 
operation  is  so  rapidly  done  that  no  loss  of  moisture  takes  place.  The  well-mixed 
sample  is  then  averaged,  and  a  part  bottled  for  the  determination  of  the  original 
moisture  present,  using  20  grams  or  more,  as  req[uired. 

An  average  of  the  remainder  is  taken  and  air  dried,  with  no  exposure  to  heat, 
until  it  is  dry  enough  to  be  sifted,  after  grinding  in  a  mortar,  through  a  sieve  of  20 
meshes  to  the  linear  inch.  One-half  a  gram  of  such  a  sample  as  this  is  a  much  better 
average  than  2  grams  of  a  superphosphate  prepared  without  this  preliminary  drying. 
It  is  imperative  that  the  moisture  be  determined  in  the  prepared  sample,  no  matter 
how  short  may  have  been  the  time  employed  for  the  fine  grinding.  The  results 
obtained  by  analysis  are  then  calculated  to  the  original  sample,  as  determined  by 
the  moisture  present  therein. 

It  being  brought  to  the  attention  of  the  convention  that  the  room  they  occupied 
was  desired  by  the  American  Association  for  the  Advancement  of  Science,  the  papers 
of  Professor  Collier,  on  "Sorghum  and  sugar,"  and  of  Prof.  E.  W.  Ililgard,  on  the 
**  Methods  of  soil  analysis,"  were  referred  to  the  chemical  subsection  of  the  Ameri- 
can Association  for  the  Advancement  of  Science,  where  they  would  be  read  before  a 
larger  audience  and  receive  more  attention  than  could  be  bestowed  upon  them  in 
the  limited  time  at  the  disposal  of  the  present  convention. 

It  was  moved  that  the  committee  appointed  to  fix  upon  the  method  for  determin- 
ing insoluble  or  reverted  phosphoric  acid  by  means  of  oxalate  of  ammonia  be 
instructed  to  report  to  the  secretary  of  this  convention,  and  that  he  shall  forward 
copies  of  their  report  to  agricultural  and  other  chemists  throughout  the  country. 

On  motion  the  convention  adjourned,  to  meet  upon  call  of  the  chair,  pro\aded  a 
meeting  was  necessary  before  their  oi^ganization  as  a  subsection  of  the  American 
Association  for  the  Advancement  of  Science. 

(After  adjournment  nearly  all  the  chemists  present  who  were  not  already  mem- 
bers of  the  American  Association  for  the  Advancement  of  Science  joined  said 
association.) 

A.  R.  Ledoux,  Secretary. 
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The  following  is  the  report  of  the  committee  of  seven  appointed  for  the  purpose  of 
preparing  the  datails  of  the  oxalate  method.  The  accompanying  letter  is  also  pub- 
lished, as  it  explains  somewhat  the  action  of  the  committee: 

Grand  Rapids,  Mich.,  August  £6,  1S81. 
Dr.  A.  R.  Ledoux, 

Secretary  Convenium  Agricultural  ChemistSy 

17  Cedar  Street,  New  York. 
Dear  Sir:  Herewith  I  send  you  the  minutes  of  the  committee  appointed  to  pro- 
pose a  method  for  determination  of  ''reverted''  phosphoric  acid  oy  ammonium 
oxalate. 

As  Dr.  Stillwell,  the  secretary  of  the  committee,  was  obliged  to  hurry  away  from 
Cincinnati,  and  was  not  to  return  directly  to  New  York,  and  further,  as  it  seemed  to 
him  as  well  as  myself  desirable  to  submit  the  draft  of  the  re^rt  to  the  other  mem- 
bers of  the  committee  for  approval,  I  undertook  to  attend  to  the  latter  task  and  for- 
ward the  report  to  you.  As  I  left  Cincinnati  somewhat  hurriedly  also,  I  have  not 
found  convenient  opportunity  to  forward  it  until  now. 

As  you  will  see,  tne  committee  felt  that  under  the  circumstances  they  could  do  no 
more  now  than  propose  a  provisional  and  temporary  plan,  but  have  taken  steps 
toward  the  proposing  of  something  more  nearly  adeouate  to  the  demanus  of  the 
case.  It  was;  however,  the  feeling  of  nearly  all,  I  think,  that  the  requisite  data  will 
be  eotten  only  after  considerable  research,  and  that  without  them  it  will  be  imprac- 
ticable to  propose  a  method  that  will  command  or  even  be  entitled  to  the  following 
of  chemists  generally. 

Will  you  please  see  that  Mr.  Stillwell  has  opportunity  to  correct  the  proof  of  the 
re]X)rt. 

Yours  truly,  W.  O.  Atwater, 

Chairman. 

REPORT. 

Cincinnati,  Augwit  7P,  1S81. 

Report  of  proceedings  of  the  committee  appointed  by  the  Convention  of  Agricul- 
tural Chemists,  August  18,  1881,  to  prepare  directions  for  the  use  of  ammonium 
oxalate  as  a  solvent  in  the  estimation  of  reverted  phosphoric  acid. 

Present,  Prof.  W.  O.  Atwater,  chairman,  Drs.  White,  Lord,  Dabney,  Simon,  Leh- 
mann,  and  Stillwell. 

This  committee,  which  has  been  charged  with  the  duty  of  proposing  a  method  for 
the  estimation  of  so-called  reverted  phosphoric  acid  by  the  use  of  ammonium  oxalate 
as  a  solvent,  finds  itself  at  the  outset  seriously  embarrassed;  on  the  one  hand  by  the 
lack  of  exact  information  as  to  what  compounds  of  phosphoric  acid  are  dissolved  by 
ammonium  oxalate  and  under  what  conditions;  and  on  tne  other  by  the  facts  that  so 
few  of  the  chemists  officially'  connected  with  the  work  of  fertilizer  analysis  were 
present  at  the  convention,  and  that  all  such  who  were  present  felt  themselves,  under 
the  circumstances,  unable  to  favor  the  proposed  change. 

In  the  first  place  it  seems  best  to  the  committee  to  propose  for  temporary  use  a 
method  which  approaches  as  nearly  as  may  be  to  those  which  have  already  been 
employed  by  some  chemists;  second,  to  attempt  at  least  some  investigations  in  the 
hope  of  obtaining  more  light  upon  the  action  of  ammonium  oxalate;  third,  so  soon 
as  they  shall  thus  be  placai  in  condition  to  warrant  it,  to  suggest  a  plan  for  the  com- 
ing year  as  they  have  been  directed  to  do. 

1.  Preparation  of  the  sample. 

At  least  250  to  300  grams  are  to  be  put  through  a  sieve  with  meshes  3  mm.  square 
(about  one-eighth  of  an  inch) .  All  lumps  are  to  be  prepared  by  grinding  in  a  mor- 
tar or  by  cutting  until  they  will  pass  through  the  sieve.  The  whole  is  well  mixed 
and  an  average  sample  bottled  for  analysis.  Special  care  must  be  taken  during  this 
operation  of  sifting  that  no  drying  of  the  sample  take  place. 

2.     Determination  of  the  soluble  and  undecomposed  pltogphoric  add. 

(a)  Two  grams  of  the  material,  transferred  to  a  suitable  vessel,  are  rubbed  up  with 
a  small  quantity  of  cold  water  (carefully  avoiding  any  pulverization),  transferred  to 
a  filter  and  there  washed  with  cold  water,  which  is  added  at  first  in  small  suooessive 
portions  until  the  washings  no  longer  react  acid. 
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Soluble  phoephoric  acid  is  determined  in  the  filtrate. 

(6)  The  residue  upon  the  filter,  containing  the  reverted  and  undeconrpoeed  phos- 
phates, is  carefully  washed  into  a  lipped  porcelain  mortar  with  the  aid  of  a  wash  bot- 
tle holding  100  cc  of  a  perfectly  neutral  solution  of  pure,  crystallized  ammonium 
oxalate.  Each  100  cc  of  this  solution  contains  2  grams  of  the  salt  The  coarser 
portions  are  allowed  to  settle,  and  the  fluid,  with  the  suspended  particles,  is  put 
into  a  suitable  vessel.  The  residue  remaining  in  the  mortar  is  rubbed  to  a  very  nne 
paste  and  brought,  with  the  remainder  of  the  ammonium  oxalate  solution,  into  the 
same  vessel. 

A  water  bath  containing  400  cc  of  water  for  each  sample  treated  is  brought  to  a 
boil,  the  flame  is  removed,  and  the  vessel  containing  the  oxalate  solution  is  imme- 
diately placed  in  the  boiling  water.  It  is  then  left  in  the  water  bath  for  sixty  min- 
utes, bemg  shaken  every  ten  minutes.  At  the  end  of  sixtv  minutes  the  vessel  is 
removed  from  the  water  bath  and  the  contents  immediately  filtered.  The  residue  is 
thoroughly  washed  with  cold  water  and  used  for  the  determination  of  insoluble 
phosphoric  acid. 

The  chairman  and  secretary  were  directed  by  vote  to  prepare  samples  and  a  sched- 
ule for  experimental  work,  and  to  invite  the  cooperation  of  chemists  for  trial  anal- 
yses of  the  samples  submitted. 

The  committee  adjourned  subject  to  call  by  the  chairman. 

Chas.  M.  Stillwell,  Secretary. 


Supplement  to  Report  of  Proceedings  op  the  Cincinnati  Convention  op 
Agricultural  Chemists. 

New  York,  September  2S^  188L 
The  following  letter  from  Prof.  S.  W.  Johnson  baa  only  just  reached  the  secretary, 
after  the  foregoing  report  was  printed  and  partially  distributed.  It  failed  to  arrive 
in  time  for  the  Cincinnati  meeting,  although  mailed  before  the  middle  of  August, 
owing  to  misdirection.  Owing  to  the  great  value  attached  to  anything  from  Dr.  John- 
son in  the  line  of  agricultural  chemistry,  and  the  regret  of  our  convention  at  the 
absence  of  his  report,  the  secretary  publishes  the  letter  in  this  form  rather  than  not 
at  all. 

A.  R.  Ledoux,  Secretary. 

New  Haven,  Conn.,  Au^^  14y  1881. 
Dr.  A.  R.  Ledoux,  Secretary. 

Dear  Sir:  I  must  beg  you  to  present  to  the  Association  of  Agricultural  Chemists  my 
deep  regrets  at  being  unable  to  make  rny  satisfactory  report  on  methods  of  analyses 
of  superphosphates.  I  accepted  the  chairmanship  of  the  committee,  with  appoint- 
ment to  which  I  was  honored  at  the  Boston  meeting,  after  much  hesitation  ana  with 
many  misgiving  in  view  of  the  probability  that  I  could  command  neither  time  nor 
strength  to  discharge  the  duty  satisfactorily.  Efforts  to  effect  a  meeting  of  the  com- 
mittee failed,  because  of  the  wide  distances  that  separated  them.  Various  investiga- 
tions imdertaken  in  the  laboratory  of  the  Connecticut  Agricultural  Experiment  Sta- 
tion, although  yielding  instructive  and  valuable  results,  could  not  be  brought  to  a 
satisfactory  conclusion,  bein^  interrupted  by  the  r^ular  and  necessary  work  of  the 
station,  and  finally  my  vacation  leisure  finds  me  without  the  strength  to  digest  the 
material  that  has  accumulated,  and  to  report  the  progress  attained  in  a  manner  at  all 
commensurate  with  the  importance  of  the  subject. 

I  will  state  a  conclusion  tnat  is  the  result  of  much  experience,  viz,  that  the  ammo- 
nium citrate  method  applied  as  directed  by  Fresenius,  Neubauer,  and  Luck  may 
easily  give  reasonably  satisfactory  results  on  the  low-grade  superphosphates  usually 
found  in  our  markets,  but  that  it  fails  to  extract  the  "reverted  phosphate"  when 
their  quantity  is  considered.  ^ 

Thus  from  "Curasao  guano,"  so  called,  containing  30  per  cent  of  phosphoric  acid, 
60  cc  of  ammonia  citrate,  as  exactly  neutral  as  it  could  be  made  in  one-half  hour  at 
40°  with  constant  and  uniform  agitation : 

Extracted  from—  i'er  cent  P^ 

Two  grams  Curasao 5. 6 

One  gram  Curasao 9. 4 

One-half  gram  Curasao 13. 7 

One-quarter  gram  Curasao 16. 6 

One-eighth  gram  Curasao 21. 0 
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It  is  evident,  then,  that  for  such  phosphates  the  quantity  of  solvent  must  be 
increased. 

In  conclusion,  I  beg  to  be  continued  another  year  on  the  committee,  or  preferably 
to  be  dischai^ged.  ^ 

Yours,  very  truly,  S.  W.  Johnson, 

Chairman  of  Committee. 

After  the  adjournment  of  the  Cincinnati  meeting  the  interest  in  the 
collaboration  of  the  agricultural  chemists  seemed  to  die  out  There  was 
a  certain  feeling  of  antipathy — perhaps  it  is  not  well  to  make  it  so  strong 
as  this,  but  a  strong  feeling  of  incongruity — existing  between  the  trade 
chemists  on  the  one  hand  and  the  official  chemists  on  the  other.  It  was 
an  unvoiced  sentiment  pervading  the  organization  to  the  effect  that  an 
association  composed  of  trade  chemists  and  official  chemists  contained 
elements  of  instability  which  would  prevent  it  from  ever  becoming 
highly  useful.  Nevertheless,  after  the  lapse  of  three  years,  Mr.  Hen- 
derson again  called  a  meeting,  which  was  held  at  Atlanta,  Ga. 

In  his  address  at  the  Atlanta  meeting,  May,  1884,  Judge  Henderson 
said: 

I  soon  became  satisfied  of  two  things:  first,  that  the  work  of  the  State  chemist  was 
entitled  to  the  highest  confidence,  because  verified  and  sustained  by  some  of  the  most 
skillful  and  experienced  chemists  in  the  land,  some  of  whom  are  now  before  me; 
second,  that  the  difliculty  was  due  solely  to  radically  different  methods  in  the  labora- 
tory. I  thereupon,  after  consultation  with  many  of  you  now  present,  called  a  con- 
vention of  representative  analytical  chemists,  official  and  private,  to  consider  the  ques- 
tion. That  convention,  as  you  all  know,  met  at  Washington,  D.  C,  on  July  26, 1880. 
With  its  work  you  are  all  familiar.  A  provisional  method,  now  universally  kno^Ti 
as  the  Washington  method,  was  adopted  by  the  convention,  and  generally  by  the 
chemists  of  the  country  in  their  laboratories.  Adjourning  to  Boston,  the  meml^ers 
present  formed  themselves  into  a  section  of  the  American  Association  for  the  Advance- 
ment of  Science. 

At  the  meeting  of  the  association  in  Cincinnati  on  the  18th  of  August^  1881,  the 
chemical  section  made  some  changes  in  the  Washington  method,  radical  in  charac- 
ter, with  the  provision  that  the  method  so  adopted  should  be  of  force  during  the 
year.  Since  that  meeting  many  valuable  experiments  have  doubtless  been  made  by 
you,  and  much  additional  experience  gained  in  the  use  of  methods,  and  it  is  to  be 
hoped  that  you  are  now  prepared  to  adopt  a  satisfactory  and  permanent  system.  In 
calling  this  convention  thus  early  in  the  season  and  in  advance  of  the  annual  meet- 
ing of  the  Association  for  the  Advancement  of  Science,  I  have  been  actuated  by  a 
sense  of  the  importance  of  adopting  a  uniform  and,  if  possible,  a  more  generally  sat- 
isfactory method  of  analysis  in  time  to  enable  manufacturers,  if  necessary,  to  conform 
to  the  same  in  promulgating  their  work  of  and  for  the  next  season. 

Judge  Henderson  followed  up  the  movement  thus  begun,  but  which 
had  remained  in  abe^^ance  for  three  years,  by  issuing  a  call  for  the 
agricultural  chemists  to  meet  in  the  senate  chamber  of  the  capitol  at 
Atlanta  May  15,  1884. 

The  names  of  the  gentlemen  attending  this  convention  are  given  in 
an  earlier  part  of  this  publication. 

The  proceedings  of  the  Atlanta  convention  are  contained  in  a  pamphlet 
edited  by  Dr.  C.  W.  Dabney,  the  secretary  of  the  Atlanta  meeting, 
and  published  at  Raleigh,  N.  C,  in  1884.     This  pamphlet  contains  60 
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pages.  It  begins  with  the  opening  address  of  Judge  Henderson,  from 
which  a  quotation  has  already  been  made. 

Dr.  C.  U,  Shepard,  of  Charleston,  S.  C,  followed  Judge  Henderson 
in  an  introductory  address.  He  said:  "Again  we  are  assembled  to 
consider  the  inconsistencies  of  agricultural  chemical  analysis.  That 
they  pinch  all  of  us  there  is  no  doubt."  Dr.  Shepard  insisted  that  the 
chemists  having  official  connection  with  agricultural  colleges  and 
experiment  stations  and  boards  of  agriculture  should  take  the  initiative 
in  establishing  uniform  methods  of  procedure.  As  a  commercial  chem- 
ist he  expressed  his  entire  willingness  to  collaborate  with  the  official 
chemists  in  every  possible  manner,  and  also  to  receive  and  examine 
samples  which  might  be  submitted  for  comparative  analysis.  Dr. 
Shepard  also  read  an  important  paper  entitled  '^Concerning  the  nature 
of  reduced  phosphoric  acid." 

At  the  Atlanta  meeting  committees  were  appointed  to  consider 
methods  of  analysis.     These  committees  were  three  in  number,  namely: 

(1)  On  methods  of  determining  phosphoric  acid,  consisting  of  S.  W, 
Johnson,  H.  C.  White,  and  W.  C.  Stubbs. 

(2)  On  methods  of  determining  nitrogen,  consisting  of  P.  E.  Chazal, 
A.  T.  Neale,  and  J.  A.  Myei-s. 

(3)  On  methods  of  determining  pota.sh,  consisting  of  E.  H.  Jenkins, 
W.  J.  Gascoyne,  and  H.  W.  Wiley. 

Papers  were  read  by  F.  B.  Dancy,  on  comparison  of  some  methods 
of  determining  reverted  phosphoric  acid;  by  Professor  Johnson,  on 
comparison  of  the  action  of  ammonium  citrate  solution  on  phosphates 
at  different  temperatures;  by  Dr.  Shepard,  on  certain  apparatus  for 
the  determination  of  reduced  phosphoric  acid;  by  Dr.  Wiley,  on  the 
action  of  ammonium  citrate  on  ground  bone,  and  the  Gooch  crucible 
in  phosphate  estimations;  by  Dr.  Shepard,  on  the  insufficiency  of  the 
"Washington"  method  when  applied  to  acid  phosphates  which  have 
lain  long  in  pile;  by  Dr.  Memminger,  on  determining  reverted  phos- 
phates by  the  use  of  ammonium  oxalate;  by  Dr.  Dabney,  on  the  Ruffle 
and  copper  oxid  methods  of  determining  nitrogen;  by  C.  B.  F.  Lowe, 
on  the  determination  of  nitrogen  from  nitrates  by  the  soda-lime  proc- 
ess; by  Dr.  Memminger,  on  methods  of  determining  potash. 

The  reports  of  the  three  committees  on  methods  of  analysis  were 
received,  discussed,  amended,  and  adopted.  The  bulletin  of  the  pro- 
ceedings of  the  Atlanta  convention  practically  forms  the  first  in  the 
series  of  bulletins  containmg  the  methods  of  analysis  of  the  Associa- 
tion of  Official  Agricultural  Chemists.  It  was  compiled  on  the  plan 
which  was  followed  for  many  years  thereafter,  of  having  the  proceed- 
ings and  methods  contained  in  the  same  bulletin,  which  plan  was  only 
abandoned  when  the  volume  of  matter  to  be  considered  was  so  great 
as  to  necessitate  two  separate  publications. 
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The  convention,  'when  it  adjourned,  agreed  to  meet  in  connectioii 
with  the  American  Association  for  the  Advancement  of  Science,  in 
Philadelphia,  the  following  September. 

The  Philadelphia  meeting  was  held  September  8,  1884.  Dr.  E.  H. 
Jenkins  was  appointed  chairman  and  Dr.  C.  W.  Dabney  acted  as  sec- 
retary. A  committee  appointed  at  the  Atlanta  meeting  to  consider 
the  advisability  of  organizing  the  association  as  a  subsection  of  the 
American  Association  for  the  Advancement  of  Science  recommended 
the  formation  of  two  associations. 

First.  The  Association  of  Agricultural  Chemists  to  be  entirely  dis- 
tinct from  the  American  Association,  to  which  should  be  left  the 
discussion  of  the  methods  of  analysis,  etc. 

Second.  The  subsection  of  the  American  Association  for  the  Advance- 
ment of  Science  to  be  open  to  all  agricultural  chemists  for  the  purposes 
of  investigation  and  discussion. 

The  unanimous  opinion  expressed  in  the  discussion  of  this  subject 
was  that  an  organization  entirely  separate  from  the  American  Asso- 
ciation would  best  advance  the  objects  of  the  convention.  A  commit- 
tee, consisting  of  Messrs.  H.  C.  White,  E.  H.  Jenkins,  P.  C.  Chazal, 
J.  A.  Myers,  and  H.  W.  Wiley,  was  appointed  to  consider  the  form  of 
organization  and  instructed  to  report  the  following  day.  The  report 
of  this  committee,  with  a  few  later  additions,  f ornas  the  constitution  of 
the  association  as  it  exists  to-day. 

On  September  9  a  formal  organization  took  place,  the  present  name 
of  the  association  was  adopted,  officers  for  the  following  year  were 
elected,  and  the  convention  resolved  into  the  first  annual  meeting  of 
the  Association  of  Official  Agricultural  Chemists.  Committees  on 
phosphoric  acid,  potash,  and  nitrogen  were  appointed,  and  methods 
for  the  determination  of  phosphoric  acid  and  potash  in  commercial 
fertilizers  adopted  as  the  official  methods  of  the  association. 

The  bulletin  containing  the  proceedings  of  this  meeting  consists  of 
eight  pages  of  printed  matter,  in  which  are  given  the  list  of  officers 
elected,  the  constitution,  and  the  methods  of  analysis  adopted  officially 
by  the  association. 

Through  the  courtesy  of  Hon.  Norman  J.  Column,  Commissioner 
of  Agriculture,  the  second  annual  meeting  of  the  Association  of  Official 
Agricultural  Chemists  was  held  in  the  library  of  the  United  States 
Department  of  Agriculture,  beginning  September  1,  1885,  The  offi- 
cers of  the  convention  were  as  follows:  President,  Prof.  S.  W.  John- 
son; vice-president.  Prof.  H.  C.  White;  secretary  and  treasurer,  Dr. 
Charles  W.  Dabney,  jr.;  executive  committee.  Dr.  E.  H.  Jenkins  and 
Prof.  H.  W.  Wiley. 

In  the  absence  of  President  Johnson,  Vice-President  White  took  the 
chair,  <u)d,  Dr.  Dabney  also  being  absent,  Mr.  Chazal  was  requested  to 
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act  as  secretary.  Commissioner  Col  man  addressed  the  members, 
dwelling  briefly  on  the  objects  of  the  association  and  declaring  his 
hearty  sympathy  with  them.  He  expressed  the  hope  that  the  associa- 
tion would  not  limit  its  attention  to  uniform  methods  of  fertilizer 
analysis,  but  would  extend  its  work  to  general  chemical  analysis,  and 
conmiended  to  its  special  attention  the  standard  of  purity  of  foods  and 
methods  of  detecting  adulteration. 

The  proceedings  of  this  meeting  were  published  as  Bulletin  No.  7 
of  the  Division  of  Chemietr}^  Department  of  Agriculture,  and  embod- 
ied, aside  frona  the  address  of  Commissioner  Colman,  the  reports  of 
the  various  committees  appointed  at  the  previous  meeting,  and  several 
papers  on  subjects  pertaining  to  the  work  of  the  association. 

The  officers  elected  for  the  ensuing  year  were:  President,  H.  W. 
Wiley;  vice-president,  Charles  W.  Dabney,  jr.;  secretary  and  treas- 
urer, Clifford  Richardson;  executive  committee,  W.  J.  Gascoyne  and 
H.  A.  Huston.  , 

By  invitation  of  Conunissioner  Colman  the  third  annual  meeting  of 
the  convention  was  held  at  the  United  States  Department  of  Agricul- 
ture, August  26  and  27,  1886,  and  through  his  courtesy  the  proceed- 
ings were  published  as  Bulletin  No.  12  of  the  Division  of  Chemistry. 

In  Commissioner  Colman's  letter  of  invitation  to  the  executive  com- 
mittee he  again  expressed  the  hope  that  the  association  would  extend 
its  investigations  to  other  subjects  than  those  immediately  connected 
with  the  analysis  of  fertilizers. 

At  the  opening  of  the  convention  the  president,  Dr.  H.  W.  Wiley, 
addressed  the  association,  reviewing  the  work  already  accomplished, 
presenting  in  detail  methods  of  analysis  of  fertilizers  in  use  in  foreign 
countries  and  comparing  them  with  the  methods  adopted  by  the  asso- 
ciation. Dr.  Wiley  closed  his  address  by  recommending  that  the  inves- 
tigations of  the  association  be  extended  over  a  wider  range  of  subjects, 
and  expressed  the  opinion  that  every  problem  connected  with  chemical 
agricultural  analysis  was  a  proper  subject  for  discussion  at  meetings. 
He  suggested  the  advisability  of  appointing  a  committee  to  consider 
the  propriety  of  .revising  the  clause  in  the  constitution  which  limited 
the  membership  and  the  scope  of  investigations. 

Dr.  Wiley's  address  was  followed  by  the  reports  on  phosphoric  acid, 
potash,  and  nitrogen,  together  with  various  papers  on  each  of  the  three 
subjects  mentioned. 

Up  to  this  time  no  method  for  the  determination  of  nitrogen  had 
been  adopted  as  official,  and  owing  to  the  fact  that  no  one  method 
could  be  agreed  upon  it  was  decided  that  the  association  should  recog- 
nize as  official  either  the  Ruffle,  Kjeldahl,  absolute,  or  soda-lime  meth- 
ods, when  carried  out  according  to  the  working  details  to  be  supplied  by 
the  committee.  The  three  methods  mentioned  were  therefore  printed 
with  the  official  methods  of  the  association. 
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OflScers  for  the  following  year  were  elected  as  follows: 

President,  E.  H.  Jenkins;  vice-president,  P.  E.  Chazal;  secretary  and 

treasurer,  Clifford  Richardson;  executive  committee,  H.  W.  Wiley  and 

M.  A.  Scovell. 

At  this  meeting  two  additional  committees  were  appointed,  namely, 

on  food  stuffs  and  dairy  products,  and  proper  methods  adopted  for  the 

work  of  each. 

In  Bulletin  No.  16  of  the  Division  of  Chemistry  are  recorded  the 
proceedings  of  the  fourth  annual  convention  of  the  association,  which 
was  held  in  Washington,  August  16,  17,  and  18,  1887.  Thirty-five 
members  were  present,  and  the  meeting  was  called  to  order  by  President 
Jenkins  in  the  library  of  the  Department  of  Agriculture. 

The  president  briefly  addressed  the  association,  speaking  of  the 
importance  of  the  work  done,  and  urging  particularly  an  amendment 
of  the  constitution  so  as  to  admit  as  members  of  the  association  chem- 
ists from  agricultural  colleges  who  exercised  no  oflScial  control  over  the 
analysis  of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other 
materials  connected  with  agricultural  industry,  and  also  the  chemists 
from  the  Treasury  Department.  This  amendment  was  adopted  near 
the  close  of  the  session. 

Then  followed  in  their  regular  order  the  report  of  the  committee  on 
the  analysis  of  cattle  food,  the  report  on  dairy  products,  phosphoric 
acid,  potash,  and  nitrogen. 

In  addition  to  the  committees  already  existing,  one  was  appointed 
to  investigate  the  subject  of  the  analysis  of  fermented  liquors  and 
another  the  methods  of  analysis  of  sugars. 

The  officers  of  the  fifth  annual  meeting  of  the  association  were: 
President,  P.  E.  Chazal;  vice-president,  W.  J.  Gascoyne;  secretary, 
Clifford  Richardson.  John  A.  Myers  and  E.  H.  Jenkins  were  appointed 
additional  members  of  the  executive  committee. 

The  convention  was  called  in  the  library  of  the  Department  of  Agri- 
culture August  9, 1888,  Mr.  Chazal  presiding. 

The  president  omitted  the  usual  address  in  order  to  proceed  with 
the  business  of  the  convention. 

The  reports  of  the  various  committees  were  read  and  discussed;  the 
methods  for  the  work  of  the  additional  committees  appointed  at  the 
previous  meeting  adopted  and  ordered  to  be  printed  with  the  official 
methods  of  the  association.  Prof.  F.  W.  Clarke,  of  the  Geological 
Survey,  addressed  the  members  of  the  association  on  the  desirability  of 
forming  a  national  chemical  society,  and  in  harmony  with  this  idea,  a 
committee,  consisting  of  Messrs.  H.  W.  Wiley,  W.  C.  Stubbs,  and 
E.  A.  de  Schweinitz,  was  appointed  to  represent  the  association  in  any 
action  which  might  be  taken  in  this  direction. 
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At  this  meeting  an  amendment  to  the  constitution  was  adopted  which 
put  each  of  the  subjects  considered  by  the  association  in  charge  of  one 
person,  called  a  reporter,  instead  of  a  committee  of  three,  as  was  the 
previous  custom. 

The  proceedings  of  this  meeting  were  published  as  Bulletin  No.  19 
of  the  Division  of  Chemistry. 

The  sixth  annual  meeting  of  the  Association  of  Official  Agricultural 
Chemists  was  held  in  the  Seed  Division  of  the  Department  of  Agri- 
culture, beginning  September  10, 1889.  The  convention  was  called  to 
order  by  the  president.  Prof.  John  A.  Myers.  The  other  officers  of 
the  convention  were  as  follows:  Vice-president,  M.  A.  Scovell;  secre- 
tary, Clifford  Richardson;  executive  committee,  H.  W.  Wiley  and 
William  Frear. 

The  session  was  opened  with  an  address  by  Hon.  Edwin  Willets, 
Assistant  Secretary  of  Agriculture.  He  called  attention  to  the  fact 
that  since  the  last  meeting  of  the  association  the  Department  of  Agri- 
culture had  become  an  executive  branch  of  the  Government,  and  dwelt 
especially  on  the  work  of  the  agricultural  experiment  stations  and  the 
important  place  held  by  chemistry  in  the  work. 

Secretary  Willets  was  followed  by  President  Myers,  who  addressed 
the  convention  at  some  length.  He  spoke  of  the  objects  of  the  associa- 
tion and  laid  special  stress  on  the  necessity  of  such  accuracy  and  relia- 
bility of  methods  as  to  compel  respect  for  and  trust  in  the  conclusions 
of  the  association.  He  cited  statistics  showing  the  influence  of  the 
association  on  commercial  activity,  and  compared  its  work  with  that 
of  foreign  organizations  having  the  same  object  in  view. 

The  feasibility  of  organizing  a  national  chemical  society  was  dis- 
cussed at  length  at  this  meeting,  and  a  motion  was  made  and  carried 
that  the  association  should  approve  the  proposition. 

Reports  of  the  various  committees  were  presented  and  discussed  and 
such  action  taken  as  the  associiation  deemed  necessary. 

Clifford  Richardson  at  this  time  resigned  the  position  of  secretary 
and  H.  W.  Wiley  was  chosen  to  fill  the  vacancy. 

Bulletin  No.  24  of  the  Division  of  Chemistry,  containing  235  pages 
of  printed  matter,  recorded  the  proceedings  of  this  meeting. 

The  officers  of  the  seventh  annual  convention  of  the  association 
were;  President,  M.  A.  Scovell;  vice-president,  G.  C.  Caldwell;  sec- 
retary, H.  W.  Wiley,  with  J.  A.  Myers  and  E.  H.  Jenkins  as  addi- 
tional members  of  the  executive  committee. 

The  meetings  were  held  in  the  lecture  hall  of  the  United  States 
National  Museum,  beginning  August  28,  1890. 

The  convention  was  called  to  order  with  President  Scovell  in  the 
chair,  who  spoke  to  the  members,  congi-atulating  them  on  the  rapid 
advancement  of  the  organization  and  the  progress  made  in  establishing 
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reliable  methods  of  analysis.  A  large  part  of  President  Scovell's 
remarks  was  devoted  to  recommendations  in  regard  to  special  lines  of 
the  work  of  the  association. 

Following  the  president's  address,  the  regular  business  of  the  asso- 
ciation was  taken  up.  On  the  morning  of  the  second  day  the  associa- 
tion was  addressed  by  Hon.  Edwin  Willets,  the  Assistant  Secretary 
of  Agriculture,  m  a  few  well-chosen  remarks.  The  work  of  the  con- 
vention was  then  resumed. 

At  the  date  of  this  convention  the  work  of  cattle  foods  had  become 
so  extended  that  it  was  deemed  necessary  to  divide  the  work  between 
two  reporters,  one  to  consider  foods  high  in  carbohj'drates  (feeds, 
grains,  and  their  milling  products,  etc.),  and  the  other  to  devote  him- 
self to  foods  low  in  carbohydrates  (coarse  fodders,  oil  seed,  residues, 
etc.).  A  reporter  was  also  appointed  to  consider  the  subject  of  soil 
and  ash  analysis. 

The  committee  appointed  on  the  organization  of  the  national  chem- 
ical society  reported  that  it  had  conferred  with  a  similar  conrniittee 
appointed  by  Section  C  of  the  American  Association  for  the  Advance- 
ment of  Science,  and  suggested  that  a  committee  of  five  be  appointed 
by  the  Association  of  Official  Agricultural  Chemists  to  cooperate  with 
like  committees  of  Section  C  of  the  American  Association,  the  Wash- 
ington Chemical  Society,  and  similar  bodies,  in  calling  a  conference 
of  chemists  at  some  central  point  during  the  winter  to  consider  the 
best  means  of  organizing  such  a  society.  The  report  was  agreed  to, 
and  Messrs.  H.  W.  Wiley,  W.  C.  Stubbs,  G.  C.  Caldwell,  William 
Frear,  and  H.  H.  Nicholson  were  selected  to  represent  the  associa- 
tion in  the  matter. 

At  this  meeting  a  conmiittee  was  also  appointed  on  ways  and  means 
for  securing  a  more  thorough  chemical  analysis  of  foods  and  feeding 
stuflfs,  and  also  one  on  a  chemical  exhibit  at  the  World's  Columbian 
Exposition  to  be  held  in  Chicago. 

The  proceedings  of  the  seventh  annual  meeting  are  incorporated  in 
Bulletin  No.  28  of  the  Division  of  Chemistry. 

On  August  13, 1891,  the  eighth  annual  convention  of  the  Association 
of  Official  Agricultural  Chemists  was  called  in  the  lecture  hall  of 
Columbian  University.  President  Caldwell  presided  and  addressed 
the  members,  giving  a  brief  review  of  the  history  and  existing  condi- 
tions of  efforts,  botii  at  home  and  abroad,  to  establish  uniformity  of 
methods  of  chemical  anah'sis. 

The  vice-president  of  the  eighth  annual  meeting  was  N.  T.  Lupton; 
secretary,  H.  W.  Wile}^,  and  E.  B.  Voorhees  and  R.  C.  Kedzie  mem- 
bers of  the  executive  conomittee. 

The  reports  of  the  various  reporters  followed  in  regular  order,  and 
many  interesting  papers  were  presented  relating  to  subjects  imder  con- 
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sideration  by  the  association.  The  meeting  was  adjourned  on  the 
afternoon  of  August  15,  and  the  proceedings  published  as  Bulletin 
No.  31  of  the  Division  of  Chemistry,  a  pamphlet  containing  253  pages 
of  printed  matter. 

The  ninth  annual  meeting  of  the  association  was  called  to  order 
by  the  president,  Mr.  N.  T.  Lupton,  Thursday,  August  25,  1892,  in 
the  lecture  hall  of  the  United  States  National  Musuem.  The  other 
officers  of  the  convention  were :  Vice-president,  S.  M.  Babcock;  secre- 
tary, H.  W.  Wiley;  executive  committee,  C.  L.  Penny  and  H.  A. 
Huston. 

According  to  the  usual' custom,  the  president  opened  the  association 
with  an  address.  President  Lupton  spoke  especially  on  the  various 
methods  of  analysis  adopted  by  the  association,  and  impressed  upon 
the  members  the  necessity  of  attaining  such  uniformity  in  their  proc- 
esses and  accuracy  in  results  as  to  command  the  confidence  of  chemists 
and  interested  persons  all  over  the  world.  The  reports  on  the  several 
subjects  were  considered  by  the  association.  Then  followed  a  discus- 
sion of  results  obtained,  amendments  to  methods  employed,  and  papers 
presented  by  other  members  of  the  convention.  During  the  afternoon 
session  of  the  second  day,  the  Hon.  Eklwin  Willits,  Assistant  Secretary 
of  Agriculture,  spoke  to  the  members,  congratulating  them  upon  the 
good  work  accomplished  by  the  association,  and  extended  them  a  hearty 
welcome  on  behalf  of  the  Department  of  Agriculture.  At  this  meet- 
ing a  resolution  was  adopted  to  appoint  a  committee  to  act  in  conjunc- 
tion with  conmiittees  appointed  by  the  American  Chemical  Society,  the 
Ajnerican  Association  for  the  Advancement  of  Science,  and  the  World's 
Columbian  Auxiliary,  for  the  purpose  of  securing  an  international 
congress  of  chemists  during  the  sununer  of  1893  at  Chicago. 

The  proceedings  of  the  ninth  meeting  of  the  association  were  pub- 
lished in  Bulletin  No.  35  of  the  Division  of  Chemistry. 

In  Bulletin  No.  38  are  incorporated  the  proceedings  of  the  tenth 
annual  convention  of  the  association.  The  officers  of  the  meeting  were: 
President,  S.  M.  Babcock;  vice-president,  E.  B.  Voorhees;  secretary, 
H.  W.  Wiley;  executive  committee,  B.  W.  Kilgore  and  H.  H.  Har- 
rington. 

President  Babcock  addressed  the  association,  speaking  of  the  advan- 
tage of  meeting  in  Chicago  at  that  time  and  of  coming  in  contact  with 
representatives  of  foreign  societies  of  agricultural  chemists.  He 
briefly  reviewed  the  methods  of  analysis  employed  by  the  association, 
commending  the  progress  made,  and  in  some  instances  pointing  out 
faults  in  the  processes.  The  regular  order  of  business  was  then  taken 
up,  reports  read  and  discussed,  various  papers  presented,  officers  for 
the  ensuing  year  elected,  etc. 
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At  this  meeting  Dr.  Wiley  called  attention  to  the  fact  that  the  asso- 
ciation had  met  with  a  serious  loss  in  the  death  of  Dr.  N.  T.  Lupton. 
Dr.  Lupton  in  a  sense  was  a  charter  member,  attending  all  the  meet- 
ings and  contributing  valuable  work  to  the  proceedings.  Dr.  Wiley 
moved  that  in  honor  of  Dr.  Lupton  the  members  present  should  rise. 
Several  other  members  made  remarks  expressing  sorrow  at  the  death 
of  Dr.  Lupton,  and  the  motion  to  rise  was  unanimously  carried.  The 
association  adjourned  August  26. 

On  August  23,  1894,  the  eleventh  annual  meeting  of  the  association 
convened  in  the  lecture  hall  of  the  United  States  National  Museum, 
the  vice-president,  Mr.  H.  A.  Huston,  occupying  the  chair  in  the 
absence  of  the  president,  Mr.  E.  B.  Voorhees.  The  other  officers  of 
the  meeting  were:  H.  W.  Wiley,  secretary,  with  B.  B.  Ross  and  C.  D. 
W^oods  as  additional  meriibers  of  the  executive  conunittee.  Mr.  Hu:^- 
ton  read  the  president's  address,  in  which  an  outline  of  the  progress  of 
the  association  from  the  time  of  its  organization  was  given,  special 
mention  being  made  of  the  position  the  association  had  taken  in  regard 
to  cooperating  with  the  National  Fertilizer  Association  in  the  abolish- 
ment of  commercial  valuation  of  fertilizers.  It  was  stated  that  strong 
grounds  had  been  taken  by  prominent  members  of  the  association 
against  taking  any  part  in  national  legislation,  and  a  change  in  the 
constitution  had  been  made  which  relieved  the  association  from  taking 
any  definite  position  in  the  matter.  The  president  in  his  address 
referred  to  the  cooperation  with  foreign  chemists  authorized  at  the 
previous  meeting,  and  stated  that  as  a  result  of  the  action  of  the  execu- 
tive committee  in  the  matter,  over  250  leading  foreign  chemists  had 
been  invited  to  take  part  in  the  work  of  the  association.  At  the  con- 
clusion of  the  address  the  regular  order  of  business  was  taken  up. 

At  the  afternoon  session  of  the  convention  Hon.  Charles  W.  Dabney, 
Assistant  Secretary  of  Agriculture,  spoke  briefly  to  the  members.  He 
referred  to  what  might  be  called  the  first  meeting  of  the  association,  at 
Atlanta,  and  gave  pleasant  assurances  of  his  heart}^  support  to  the 
organization. 

At  this  meeting  a  communication  was  read  from  the  Society  of 
Leather  Chemists,  asking  to  be  incorporated  in  the  association,  and 
also  requesting  that  a  reporter  on  tannin  be  appomted.  After  some 
discussion  the  motion  was  put  to  the  convention  and  carried,  and  a 
reporter  on  tannin  was  appointed  for  the  following  year. 

An  amendment  to  the  constitution  was  also  adopted  authorizing  the 
president  to  appoint  associate  reporters.  Their  duties  were  not  to  be 
defined,  but  it  was  understood  that  they  should  prepare  themselves  to 
take  the  place  of  the  reporters. 

At  this  meeting  a  committee,  consisting  of  Messrs.  L.  L.  Van  Slyke, 
R.  de  Roode,  and  W.  D.  Bigelow,  was  appointed  to  edit  and  rewrite  the 
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methods  of  analysis.  A  committee  of  five  was  also  appointed  for  the 
purpose  of  making  such  changes  in  the  methods  of  analysis  as  the  dis- 
cussions during  the  meeting  should  prove  necessary. 

The  convention  was  adjourned  August  25,  and  the  proceedings  are 
incorporated  in  Bulletin  43  of  the  Division  of  Chemistry. 

The  twelfth  annual  meeting  of  the  association  was  held  in  the  lecture 
hall  of  the  United  States  National  Museum,  beginning  September  5, 
1895.  The  meeting  was  called  to  order  by  the  president,  jMi\  H.  A. 
Huston.  The  other  officers  were  as  follows:  Vice-president,  B.  B.  Ross; 
secretar}^,  H.  W.  Wiley;  additional  members  of  the  executive  commit- 
tee, E.  H.  Jenkins  and  F.  W.  Woll.  President  Huston  opened  the 
convention  with  a  few  brief  remarks,  calling  attention  to  some  points 
in  the  constitution  which  he  thought  were  not  properly  interpreted  by 
the  members  of  the  association.  He  strongly  advised  that  more  atten- 
tion be  paid  by  the  association  to  the  question  of  food  for  man,  stating 
that  the  only  work  done  was  represented  in  the  reports  on  dairy 
products  and  sugar. 

The  convention,  after  a  short  recess  employed  to  fix  upon  an  order 
of  business,  was  addressed  by  Hon.  J.  Sterling  Morton,  Secretary  of 
Agriculture,  in  a  few  words  extending  a  welcome  to  the  organization 
and  expressing  his  approval  of  its  work  and  objects.  The  regular 
work  of  the  meeting  was  then  pursued. 

The  sentiment  of  the  convention  seemed  to  be  that  a  committee,  to 
consider  in  what  way  the  association  could  be  of  service  in  formulating 
a  pure-food  law,  could  do  good  work,  and  accordingly  such  a  committee 
was  appointed,  consisting  of  Messrs.  H.  W.  Wiley,  H.  A.  Huston,  John 
A.  Myers,  and  A.  S.  Mitchell. 

The  proceedings  of  the  association  had  gradually  assumed  such  large 
proportions  that  at  this  time  it  was  deemed  necessary  to  issue  two  sep- 
arate volumes.  Accordingly  the  proceedings  of  the  twelfth  annual 
convention  were  published  as  Bulletin  47  of  the  Division  of  Chemistry, 
while  the  methods  of  analysis  were  published  as  Bulletin  46.  The 
meeting  adjourned  September  7. 

In  Bulletin  49,  Division  of  Chemistry,  are  published  the  proceedings 
of  the  thirteenth  annual  meeting  of  the  Association  of  Official  Agricul- 
tural Chemists,  which  convened  November  6,  1896,  in  the  lecture  hall 
of  the  National  Museimi.  The  officers  of  the  meeting  were:  B.  B.  Ross, 
president;  William  Frear,  vice-president;  H.  W.  Wiley,  secretarj^,  and 
H.  J.  Wheeler  and  F.  W.  Traphagen  additional  members  of  the  exec- 
utive committee. 

The  president  in  his  address  touched  briefly  upon  the  progress  made 
by  the  association  in  its  various  branches  of  work,  and  referred  to  the 
publication  of  its  methods  both  in  French  and  German  as  an  indication 
of  the  recognition  of  their  value  by  foreign  chemists. 
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The  reports  on  the  various  subjects  followed  this  address,  together 
with  the  presentation  of  papers,  discussion  of  results,  etc. 

A  committee  was  appointed  at  this  meeting  to  prepare  a  suitable  set 
of  resolutions  on  the  death  of  Hon.  E>lwin  Willits,  in  whom  the  asso- 
ciation had  a  very  strong  friend. 

The  meeting  was  adjourned  November  9. 

The  fourteenth  annual  convention  was  called  to  order  by  the  presi- 
dent, William  Frear,  in  the  lecture  hall  of  the  Columbian  Dniversity 
October  26,  1897.  The  other  ofScers  of  the  meeting  were:  Vice- 
president,  A.  L.  Winton;  secretary,  H.  W.  Wiley;  additional  mem- 
bers of  the  executive  committee,  B.  W.  Kilgore  and  Arthur  Goss. 

The  meeting  was  opened  with  an  address  from  the  president.  The 
tenor  of  his  remarks  was  that  while  the  prime  work  of  the  association 
was  along  lines  important  to  the  official  agi*icultural  chemist,  it  should 
also  be  pushed  in  a  large  measure  along  more  distinctly  scientific 
lines.  In  connection  with  the  work  on  food  adulteration.  President 
Frear  cited  statistics  showing  the  value  of  the  food  products  of  the 
country,  amount  of  consumption,  etc. 

Following  the  president's  address,  the  regular  business  of  the  asso- 
ciation was  taken  up,  reports  read,  papers  presented,  results  and 
methods  discussed,  committees  appointed,  etc.  It  was  decided  that 
the  reporters  on  the  various  subjects  could  be  more  properly  called 
referees,  and  the  name  was  accordingly  changed. 

On  the  morning  of  the  second  day  the  association  was  addressed  by 
Hon.  James  Wilson,  Secretary  of  Agriculture,  who  extended  to  the 
organization  the  courtesy  of  the  Department. 

The  meeting  adjourned  October  28,  and  the  proceedings  are  incor- 
porated in  Bulletin  51  of  the  Division  of  Chemistry. 

The  fifteenth  annual  convention  of  the  association  met  in  the  lecture 
hall  of  the  Columbian  University,  beginning  November  11, 1898.  The 
officers  of  the  meeting  were:  President,  A.  L.  Winton;  vice-president, 
R.  C.  Kedzie;  secretary,  H.  W.  Wiley;  additional  members  of  the 
executive  committee,  M.  A.  Scovell  and  J.  L.  Hills. 

The  meeting  was  opened  with  the  usual  address  of  the  president 
Mr.  Winton  spoke  of  the  purposes  for  which  the  association  was 
organized,  dwelling  briefly  on  each  of  the  various  subjects  considered 
by  it.  Then  followed  the  regular  order  of  business.  A  referee  was 
appointed  at  this  meeting  to  consider  the  subject  of  insecticides,  and 
it  was  also  voted  that  Bulletin  No.  46  should  be  revised  so  as  to  include 
in  it  the  changes  made  in  the  methods  from  time  to  time. 

Mr.  M.  E.  Jaffa,  of  Berkeley,  Cal.,  was  present  at  the  meeting,  and 
extended  to  the  association  a  cordial  invitation  to  hold  its  next  meeting 
in  San  Francisco.  He  spoke  of  the  advantages  of  a  meeting  on  the 
Pacific  coast,  and  assured  the  members  of  a  hearty  welcome  from  their 
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scientific  brethren  in  the  West.    The  decision  of  the  matter  was  left 
to  the  executive  committee. 

At  this  meeting  delegates  to  the  National  Pore  Food  Convention 
were  appointed.  The  last  day  of  the  convention  Secretary  Wilson 
addressed  the  members,  speaking  of  the  good  work  of  the  association 
and  of  the  necessity  for  such  work.  The  meeting  adjourned  November 
14,  and  the  proceedings  are  published  in  Bulletin  56  of  the  Division 
of  Chemistry. 

The  Chaibman.  I  suppose  that  no  action  in  regard  to  this  paper  is 
necessary. 

The  referee  on  nitrogen  not  being  present,  the  secretary  asked  leave 
to  insert  the  report  when  received,  which  was  granted. 

BEFOBT  OH  HITBOaEH. 
By  F.  S.  Shiver,  lUJeru. 

At  the  suggestion  of  the  secretary  of  the  aesociation,  I>r.  H.  W.  Wiley,  I  will  give 
first  a  short  review  of  some  of  the  prooeases  which  have  been  suggested  for  the 
determination  of  the  availability  of  organic  nitrogen. 

Klinkenberg  and  Stutzer^  first  proposed  the  pepsin-hydrochloric  add  method  for 
the  determination  of  the  availability  of  organic  nitrogen. 

Moigen'  has  proposed  the  method  of  putrefactive  fermentation  for  determining 
nitrogen  availability. 

Wilson,'  among  others,  has  made  use  of  a  modified  pepsin  method,  namely,  the 
pepsin-pancreative  method,  for  the  determination  of  the  availability  of  organic 
nitrc^;en. 

This  method  was  investigated  last  year  by  the  referee  on  nitrogen  under  the  name 
of  the  modified  pepsin  method.  The  results  of  this  investigation,  stated  in  the 
words  of  the  referee,  were  as  follows: 

The  results  obtained  agree  fairly  well  and  compare  favorably  with  the  regular 
pepsin  method,  except  in  the  case  of  leather.  With  this  substance  the  method  is 
worthless  on  account  of  the  action  of  sodium  carbonate  on  leather.  In  addition  to 
this  serious  objection  the  method  is  not  likely  to  be  used  very  often  on  account 
of  the  trouble  of  manipulation^  requiring  as  it  does  two  digestion  x)eriods  of  twelve 
hours  eadh  and  also  two  filterings,  makm^  it  very  inconvenient  to  attend  to.  The 
filtering  is  very  gAow,  in  some  cases  requirmg  two  or  three  filters  and  one  or  two 
days'  time. 

'The  pepsin-pancreative  method  therefore  possessed  no  advantages,  but,  on  the 
other  hand,  some  disadvantages,  as  compared  with  the  pepsin-hydrochloric  acid 
method. 

The  conclusions  of  the  Connecticut  Station  ^  in  regard  to  the  Morgen  putrefactive 
fermentation  method  for  the  determination  of  the  availability  of  oiganic  nitrogen 
were  as  follows: 

This  test  of  putre&bction  draws  the  same  line  between  the  two  classes  that  was 
drawn  by  the  pepsin  digestion. 

Since  the  putrefactive  fermentation  method  requires  more  time  than  the  pepNsin- 
hydrochloric  acid  method,  and  since  it  is  more  objectionable  in  the  manipulations 

*  Jour,  fur  Landw.,  1882,  p.  363. 
»Landw.  Versuchs  St.,  1880,  p.  50. 
•Journal  Society  of  Chemical  Industry,  vol.  10,  p.  118. 
^Twentieth  Annual  Report,  p.  192. 
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neoeflsary  to  carry  it  out  than  is  the  case  with  the  p^Nsin-hydrochloric  acid,  our  pref- 
erences would  naturally  turn  to  the  pepsin-hydrochloric  add  method  as  compared 
with  the  nitrogen  putrefactive  fermentation  method.  Under  these  circmnstanoes, 
therefore,  it  is  not  strange  that  we  were  content  up  to  a  short  time  ago  to  accept  the 
pepsin-hydrochloric  acid  method  as  the  best  one  available  for  the  determination  of 
nitrogen  solubility. 

Several  serious  objections  have  been  lately  ui^ged  against  the  continued  use  of  the 
pepsin-hydrochloric  add  method.  It  has  been  shown  conclusively  that  the  pepsin- 
hydrochloric  add  method  fails  to  give  the  correct  measure  of  the  availability  of  the 
nitrogen  in  horn  meal  and  hoof  meal.  This  feet,  coupled  with  the  time-consuming 
digestion  incident  to  the  carrying  out  of  the  process,  has  stimulated  many  to  investi- 
gate this  subject  for  the  purpose  of  finding  out,  if  x)ossible,  a  more  rapid  and  at  the 
same  time  more  trustworthy  method  for  me  determination  of  nitrogen  availability. 

Hayes  *  has  proposed  several  new  methods  for  the  determination  of  nitrogen  avail- 
ability, amon^  them  fractional  treatment  with  sulphuric  add,  digestion  in  barium 
hydrozid  and  in  potassium  permanganate  (alkaline,  acid,  and  neutral  solutions) . 

The  condusions  of  the  author  r^arding  these  methods  were  as  follows: 

In  conclusion,  it  may  be  said  that  of  the  various  methods  tried  the  digesting  in 
potassium  permanganate  solutions  ^ves  most  encouragement. 

Whether,  if  it  is  in  some  way  mcralified,  it  can  be  made  useful,  has  yet  to  be  proven 
by  comparisons  with  plant  tests  on  the  same  material. 

The  permanganate  methods,  thus  suggested,  were  taken  in  hand  by  the  nitrogen 
referee  in  1896,  but  were  not  thoroughly  tested  for  lack  of  time.  Among  the  recom- 
mendations of  the  referee  for  this  year  (1896)  we  find  the  following: 

That  the  nitrogen  reporter  for  1897  be  requested  to  investigate  further  the  potasaiom 
permanganate  metliod  for  determining  the  availability  of  organic  nitrogen  *  *  *. 
The  referee  on  nitrogen  for  1897,  pursuant  to  the  wishes  of  the  association,  subjected 
the  potassium  permanganate  methods  (alkaline^  add,  and  neutral  solutions)  to  a 
thorough  test  As  a  result  of  this  work  no  defimte  condusions  could  be  drawn,  but 
tiie  methods  were  of  suffident  promise  to  induce  the  referee  to  recommend  "  that  the 
potassium  permanganate  method  for  determining  the  availability  of  organic  nitrogen 
De  further  studied  next  year,  with  especial  reference  to  material  of  known  inf  eriori^.' 

The  referee  on  nitrogen  for  1898  has  again  taken  up  this  matter,  and  has  made  a  foi^ 
ther  study  of  the  potassium  permanganate  method,  in  comparison  with  the  pepsin- 
hydrochloric  add  method  and  a  modification  of  the  pepsin  method,  as  suggested  by 
Mr.  Patterson,  of  Maryland.  The  potassium  permanganate  method,  suggested  for  use 
this  year  (1898) ,  consisted  of  a  half-hour  digestion  in  a  2  per  cent  neutral  solution, 
the  add  and  alkaline  solutions  having  been  shown  to  be  unsatisfactory  in  not  giving 
concordant  results.  The  referee,  conmienting  on  the  results  obtained  by  this  method, 
remarks: 

By  an  examination  of  Table  IV  it  will  be  seen  that  there  is  a  great  lack  of  agreement 
in  the  results  obtained  by  the  different  analysts,  and  on  some  materials  it  seems  almost 
impossible  to  obtain  concordant  results  in  the  same  laboratory. 

It  was  thought  by  some  at  this  time  that  it  would  be  desirable,  instead  of  using  the 
same  amounts  (1  gram)  of  material  in  all  cases,  to  use  equal  amounts  of  nitrogem  as 
abasia. 

In  the  methods  of  Jones  and  Street,  to  be  described  later,  4  uid  7^  per  cent  of 
nitrogen,  respectively,  are  used  as  a  basis  for  the  two  methods.  Among  the  recom- 
mendations of  the  referee  for  1898  we  find  the  following: 

The  only  reconmiendation  which  your  referee  wishes  to  make  on  this  subject  is 
that  the  potassium  permanganate  methods  for  the  determination  of  the  availability 
of  orjpjiic  nitrogen  be  further  studied  next  year,  especially  some  modification  of  the 
alkaline  permanganate  method. 

As  a  result  of  all  this  work  two  well-defined  methods,  involving  the  use  of  potas- 
sium permanganate,  have  been  worked  out.  I  refer  to  the  Street  method,  in  whidi 
use  is  made  of  a  neutral  solution,  and  to  the  Jones  method,  in  which  use  is  made  of 
an  alkaline  solution. 


*  Bulletin  47,  Division  of  Chemistry,  U.  8.  Department  of  Agiicultnre. 
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Both  of  these  prooooBOO  are  apparently  quite  promismg,  and  a  detailed  discoflBlon 
of  them  will  follow  the  results  reported  later  on  in  this  report. 

WORK   OP  AVAILABILITY  OF  ORGANIC  NFTROGEN   FOR  1899. 

,     Early  in  March  the  following  circular  letter  was  sent  out  to  all  those  who  were 
supposed  to  be  interested  in  this  line  of  work: 

March  15,  1899. 
Dear  Sir:  I  desire  to  know  if  you  will  cooperate  with  me  in  the  work  on  nitrogen 
fior  the  aaaodation  this  :^ear.  The  work  will  he  limited  to  a  further  study  of  meth- 
ods for  the  determination  of  the  availability  of  organic  nitrogen.  In  accordance 
with  the  wishes  of  the  association  the  permanganate  method  will  be  further  studied 
in  this  connection. 

There  will  probablv  be  eight  or  ten  samples  of  representative  organic  nitrogenous 
materials.    If  possible  these  will  be  samples  of  material  on  which  Vegetation  tests 
have  been  made. 
Please  let  me  know  at  your  earliest  opportunity  your  wishes  in  r^ard  to  the  matter. 
Very  truly, 

F.  S.  Shiver,  Referee  on  NUrogen. 
W.  K.  Perkins,  Aasocwte. 

From  this  circular  nine  favorable  replies  were  received. 

In  April,  accordingly,  seven  samples  were  sent  out  to  each  party  expressing  a  desire 
to  take  part  in  the  work. 

Of  the  nine  chemists  who  expressed  a  willingness  to  undertake  the  work  seven  have 
sent  in  reports  more  or  less  complete. 

These  samples,  with  the  exception  of  No.  1,  were  secured  from  the  New  Jersey  sta- 
tion through  the  kindness  of  Mr.  J.  P.  Street. 

Along  with  each  set  of  samples  there  was  sent  a  letter  containing  the  directions  to 
be  used  in  the  different  methods. 

In  the  preparation  of  the  samples,  I  would  say  that  they  were  ground  to  pass  a 
sieve  having  circular  perforations  1  millimeter  in  diameter,  as  directed  by  the  methods 
of  the  association. 

The  samples  were  then  mixed  thoroughly,  and  all  samples  were  taken  out  at  once 
from  the  same  pile. 

While  the  referee  was  directed  by  the  association  only  to  investigate  the  alkaline- 
permanganate  method,  yet  it  was  thought  desirable  to  include  also  the  Street  method, 
which,  from  the  results  obtained  at  the  New  Jersey  station,  bids  fair  to  be  a  iiseful 
process  in  this  connection,  and  also  the  pepsin-hydrochloric  acid  method,  which  for 
years  has  been  the  standard. 

The  letter  of  directions  which  accompanied  each  set  of  samples  was  as  follows: 

Dear  Sir:  I  have  sent  you  by  express  seven  samples  of  oiganic  nitrogenous  mate- 
rial for  the  work  on  availability  for  the  association. 

No.  1  is  cottonseed  meal;  No.  2  is  ground  fish;  No.  3  is  dried  blood;  No.  4  is  tank- 
age: No.  5  is  ground  bone;  No.  0  is  hoof  meal;  No.  7  is  garbage  fertilizer. 

First  determine  total  nitn^en  in  all  samples. 

Then  determine  availabiUty  of  organic  nitrogen  by  the  following  methods: 

I.  Neutral  perman^naie  Tnahod  (Street) . — Into  a  600  cc  Erlenmeyer  flask  weigh  an 
amount  of  the  matenal  equivalent,  approximately^  to  0.0750  gram  oi  nitrogen.  Digest 
this  with  100  cc  of  permanganate  of  potash  solution  (10  {[rams  KMn04  to  1,000  cc  of 
water)  in  a  steam  bath  or  a  water  bath,  where  the  water  is  kept  at  a  constant  boil  for 
thirty  minutes. 

Filter  on  a  folded  filter  without  pressure,  and  wash  thoroughly  with  cold  water. 
Then  determine  the  nitrogen  in  the  residue  by  the  ordinary  Kjeldahl  method. 

II.  A  Undine  permanganale  method  (Jones)  .-^Weigh  an  amount  of  the  material  equiva- 
lent to  0.0450  gram  of  nitrogen  into  a  500  cc  flask  and  add  100  cc  of  an  alkaline  ner- 
manganate  solution  (16  grams  KMn04  and  150  grams  of  NaOH  to  a  liter) .  The  nask 
is  connected  with  a  distilling  apparatus,  and  its  contents  digested  for  an  hour  below 
the  boiling  point,  and  then  distilled  for  an  hour.  The  ammonia  evolved  is  titrated 
as  usual.  If  you  have  time  I  would  like  to  have  the  pepein-hydrochloric  acid  method 
tried  also. 
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Proceed  as  follows:  Weigh  1  gram  of  sample  into  a  150  cc  flask  and  add  100  cc  of 
pepsiii-hydrochloric  acid  solution. 

This  solution  is  prepared  by  mixing  6  grams  of  Parke  and  Davis's  pulverized  pepsin 
(guaranteed  to  dissolve  3,000  times  its  weight  of  freshly  coagulated  egg  albumen)  in 
1,000  cc.  of  hydrochloric  acid  diluted  to  a  stren^h  of  1  per  cent 

The  flasks  are  then  kept  for  twenty-four  hours  loosely  corked  in  a  water  bath,  havii^ 
a  constant  temperature  of  40°  C.  At  the  end  of  the  second,  flfth,  eighth,  and  eleventh 
hours,  2  cc  of  a  10  per  cent  hydrochloric  acid  solution  are  added,  shaking  the  flask 
thoroughly  at  the  same  time. 

After  twenty-four  hours'  digestion,  filter,  wash  four  or  five  times,  using  20  to  30  cc 
of  water  for  each  washing,  and  determine  nitrogen  by  the  Kjeldahl  method  in  the 
washed  and  dried  residue. 

Please  let  me  know  your  results  as  soon  as  possible. 
Yours  truly, 

F.  S.  Shiver,  Referee  on  Nitrogen. 
W.  R.  Perkins,  AssodaU  Referee. 


We  consider  first  the  determinations  of  total  nitrogen  by  the  Kjeldahl  method. 
(A)   Ibtcdrdtrogenby  EjeUkMrneihod, 

Table  I,— Results  on  total  mirogen  by  the  different  anaiysts. 


AnalyHt. 

Cotton- 
seed 
meal. 

Qrouhd 
fish. 

Dried 
blood. 

Tank- 
age. 

around 
bone. 

Hoof 
meal. 

Gar- 

feiu- 
ll«jr. 

T.  C.  Trescot,  Department  of  A^culture. . . 

J.  A.  Bessell,  North  Carolina  station 

A.  T.EBkridgeJr.,  Virginia  station 

P.  B,  Carpenter,  Richmond,  Va . , . . . 

Paret, 
6.61 
6.  TO 
6.79 
6.90 
6.74 

Para. 
8.09 
8.81 

18.87 
8.96 
8.80 
8.79 
8.78 
8.79 
8.81 

Paret. 

112.67 
13.66 

118.05 
18.72 
18.60 

118.29 
18.47 
18.60 
13.85 

ParcL 
6.49 
6.51 

16.29 
6.50 
6.65 
6.45 
6.60 
6.69 
6.40 

PercL 
18.81 
8.65 
8.76 
8.61 
8.40 
8.33 
18.25 
3.39 
8.68 

PercL 
114.26 
14.70 
14.40 
14.78 
14.47 
14.83 

P»eL 
S.16 
3.20 
3.06 
3.x 

J.  P.Street,New  Jersey  station 

3.20 

J.  W.  Amefl.  Ohio  station , 

3.  IS 

W.R.  Perkins,  MlsBiasippi  station 

6.66 
6.78 
6.86 

14.49           3.11 

C.  H.  Jones,  Vermont  station 

14.66 
14.94 

3.23 

F.S.  Shiver,  South  Carolina  station 

3.26 

Average 

6.75 

8.80 

18.66 

6.51 

8.58 

14.69 

3.17 

1  Omitted  from  the  average. 

The  results  in  Table  I  are  all  by  the  K}eldahl  method,  with  the  exception  of  those 
reported  by  Messrs.  Tresoot  and  Ames,  which  were  obtained  by  the  Gunning 
method. 

These  results,  in  so  &tr  as  they  apply  to  the  cottonseed  meal,  ground  flah,  tankage, 
and  garbage  fertilizers,  are  quite  satisfactory.  The  results  on  blood,  ground  bone,  and 
hoof  meal  are  quite  variable.  While  these  samples  were  not  ground  quite  as  fine  as 
they  could  have  been,  yet  it  does  not  seem  possible  to  explain  the  differences  on  that 
ground.  I  myself  had  no  trouble  in  obtaining  closely  concordant  results  in  dupli- 
cates, and  in  &u^  none  seined  to  have  had  any  difficulty  in  this  direction,  judging 
by  the  results  in  my  hands. 

In  regard  to  the  blood  and  hoof  meal,  in  which  laige  quantities  of  nitrogen  are 
present,  I  would  say  that  I  believe  that  the  low  percentages  found  by  some  are  due 
no  doubt  to  one  of  two  causes:  (1)  To  insufficient  digestion.  I  think  it  has  been 
pretty  well  established  that  unless  the  digestion  be  continued  for  some  time  after  the 
solution  has  lost  its  color,  the  results  obtained  are  too  low.  I  myself  have  noticed 
this  in  the  case  of  cottonseed  meal,  and  Grerlach  and  others  have  called  attention  to 
the  same  thing.  (2)  To  an  insufficient  amount  of  acid  in  the  receiver  in  which  the 
ammonia  evolved  is  caught. 
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(JnlesB  a  considerable  amount  of  acid  above  that  necessary  for  saturating  the 
ammonia  be  present,  a  loss  is  sustained  also.  In  the  case  of  the  sample  of  blood  here, 
in  the  first  analysis,  I  used  a  very  small  excess  of  acid,  and  in  the  second  analysis  I 
used  a  considerable  excess,  with  the  result  that  about  four-tenths  more  of  nitrogen 
were  found  than  in  the  first  analysis. 

It  is  evident  from  these  results  that  even  with  an  old-established  method,  like  the 
Kjeldahl,  great  care  is  to  be  exercised  in  the  preliminary  digestion  with  sulphuric 
acid,  and  also  in  the  manner  in  which  the  ammonia  evolved  is  received. 

(B)  Diffegtion  of  organic  nitrogen  by  the  aUcaline  permanganate  method  (Jones) . 

This  method  has  been  described  in  the  letter  of  instructions  quoted  already. 
Table  2  gives  the  results  obtained  by  the  different  analysts  with  this  method. 
This  table  gives  the  percentages  of  nitrogen  evolved: 

Table  2. — Remlie  on  digestion  of  organic  nitrogen  vnih  alkaline  permanganate  of  potash 

(Jones). 


Analyst. 

Cotton- 
seed 
meal. 

Ground 
flsh. 

Dried 
blood. 

Tank, 
age. 

Ground 
bone. 

Hoof 
meal. 

Gaiv 
llaer. 

T.  C.  Treecot,  Department  of  Agricultiire  . . 

J.  A.  Bezdll,  North  Gaiolina  staUon 

A.  T.  Eekildge,  jr.,  Virginia  station 

J .  P.  Street,  New  Jersey  station 

Ferct. 
2.60 

13.28 
2.66 
2.82 

Perct, 
5.79 
5.96 
6.50 
5.62 
6.76 
14.24 
16.21 
6.01 

PercL 
7.86 
9.74 
9.04 
9.67 
a26 
&67 
8.66 
9.63 

Peret, 
8.70 

14.28 
8.79 
8.70 

10.89 
8.89 
8.60 

14.06 

PercL 

12.02 
2.88 
2.68 
2.49 

10.44 
2.25 
2.81 

12.89 

Perct, 
9.84 
11.17 
U.82 
10.64 
110.96 
8.42 
9.08 

PercL 
0.66 
0.76 
0.67 
0  51 

J.  W.Ames,  Ohio  station 

W.  R.  Perkins,  MlflsiaBlppl  station 

2.73 
2.96 
2.78 

0  78 

C.  H.  Jones,  Vermont  station  

0  60 

P.  S.  Shiver,  South  Carolina  station 

0.67 

Average 

2.74 

5.77 

8.61 

2.40 

0  66 

1  Omitted  from  the  average. 

The  figures  in  this  table  are  somewhat  variable,  especially  as  r^ards  the  dried 
blood  and  hoof  meal,  for  which  reason  I  have  made  no  attempt  to  give  averages  for 
these  materials. 

From  the  results  in  my  hands  it  appears  that  many  of  the  analysts  experienced 
difficulty  in  securing  concordant  results  by  this  method. 

For  myself,  I  would  say  that  some  of  the  results  obtained  by  me  were  very  unsat- 
isfactory. In  carrying  out  this  method  everyone  must  be  impressed  with  the  diffi- 
culties involved  in  keeping  conditions  the  same  in  all  cases.  With  the  small  amount 
of  liquid  (100  cc)  used  it  is  very  difficult  to  prevent  the  solution  from  boiling  in  the 
preliminary  digestion.  Moreover,  in  the  subsequent  digestion  I  perceived  great  diffi- 
culty, in  some  cases  at  least,  in  preventing  excessive  bumping.  This  was  especially 
true  of  the  digestion  of  the  dried  blood  and  hoof  meal. 

In  some  cases  I  used  pumice  to  prevent  this  bumping,  but  found  this  ineffectual. 

Table  3  gives  the  percentages  of  availability  of  organic  nitrogen,  as  determined 
by  the  alkaline  potassium  permanganate  method  (Jones) .  This  data  was  secured  by 
using  the  figures  given  in  Tables  I  and  2. 


Digitized  by 


Google 


54 

Tablb  3. — AvaUabUUy  of  argcanic  nUrogen  by  the  alhaUne  permanganate  of  pntaah 

method  {Jones), 


Analyst. 


Ootton- 
seed 
meal. 


T.  C.  Tresoot,  Department  of  Agriculture 

J.  A.  Bizzell,  North  Carolina  station 

A.  T.  Eskridge,  jr.,  Virginia  station 

J.  P.  Street,  New  Jersey  station 

J.  W.  Ames,  Ohio  station 

W.  R.  Perkins,  MisBlssippl  station 

G.  H.  Jones,  Vermont  station 

F.  S.  Shiyer,  South  Carolina  station 


Qround 


Perct. 

87.82 
I48.a0 
-89.17 

41.83 


Average. 


41.67 
43.65 
40.68 


Perct. 
66.62 
67.65 
65.71 
63.86 
65.63 
148.29 
159.27 
6821 


40.78 


66.28 


Dried 
blood. 


Tank- 
age. 


Ground 
bone. 


Ptrct. 

158.01 
71.30 
69.27 
70.86 
62.15 
68.62 
68.25 
69.63 


I 


67.06 


Ptrct. 
57.01 

164.97 
60.25 
55.63 

113.79 
52.15 
68.11 

163.75 


65.63 


Hoof 
meal. 


Per  d.  j  Per  CL, 
161.02  I    69.00 


Gar- 
twge 
ferU- 

llser. 


67.04 

75.98 

68.61 

78.61 

73.23 

73.53 

113.21 

76.48 

69.23 

158.10 

68.14 

16L59 

178.58 

69.25 

74.72 

Prrct. 

ao.56 

23.75 

21.89 

115.»3 

23.47 

118.40 

20.55 


22.04 


1  Omitted  from  the  average. 

The  figures  in  this  table  are  fairly  satisfactory,  with  the  exception  of  those  given 
for  tankage  and  ground  bone. 

An  inspection  of  the  figures,  however,  reveals  one  striking  defect  at  least  in  this 
method.  That  defect  is  that  this  method  fails  to  express  the  true  relative  availability 
of  the  nitrogen  contained  in  cotton-seed  meal.  We  might  expect  from  this  table  cot- 
ton-seed meal  to  be  a  very  inferior  product,  while  on  the  other  hand  experience  in 
the  field  has  proven  exactly  the  contrary. 

Moreover,  from  this  table  we  might  expect  ground  bone  to  be  a  great  deal  more 
available  than  tankage  or  dried  blood,  a  fact  which  is  contrary  to  the  results  of  prac- 
tical experience. 

With  the  mention  of  these  objections  to  the  method,  which  appear  fatal  to  my 
mind,  1  invite  your  attention  now  to  the  consideration  of  the  results  obtained  by  the 
neutral  permanganate  process  (Street) . 

(0)  Digettion  of  organic  nUrogen  by  Uie  neutral  permanganale  method. 
This  method  has  been  described  in  the  letter  of  instructions,  already  quoted. 
Table  4  gives  the  results  obtained  by  the  different  analysts  with  this  method. 
The  results  given  in  this  table  refer  to  the  percentage  of  nitrogen  contained  in  the 

residue  (insoluble  nitrogen) : 

Table  4.— iieniZto  on  digestion  of  organic  nitrogen  vfUh  neutral  permanganale  of  potash 


Gar- 
bage 
ferti- 
lizer. 


Analyst. 


T.  C  Trescot.  Department  of  Agriculture.. 

J  A  Binell,  North  Carolina  station 

J  P.  Street,  New  Jersey  station 

J.  W.  Ames,  Ohio  station 

W  R  Perkins,  Mississippi  staUon , 

C  H  Jones,  Vermont  station 

^S.  Shiver,  South  Carolina  station 


Cotton 
seed 
meal. 


Perct. 
1.66 
1.45 
1.36 


Average . 


1.&2 
1.47 
1.44 


1.48 


Qround 
llsh. 

Dried 
blood. 

Tank- 
age. 

Ground 
bone. 

Hoof 
meal. 

Perct. 

Perct. 

PercL 

PercL 

Perct. 

0.84 

1.06 

•1.28 

1.81 

U.54 

0.78 

0.69 

0.73 

0.98 

0.87 

11.20 

0.66 

U.66 

M.61 

n.fi9 

0.65 

0.66 

0.93 

1.44 

11.40 

0.78 

0.82 

0.96 

1.33 

0.92 

0.56 

10.27 

1.05 

12.45 

0.77 

0.60 

»o.ao 

0.71 

1  14 

0.84 

Perct. 
1.64 
1.57 
1.79 
1.72 
1.57 

1.65 


0.67  I 


I 


0.77 


0.87 


1.23  I      U.85 


1.64 


1  Omitted  Irom  the  average. 


Digitized  by 


Google 


55 

The  results  by  this  method  are  quite  satisfactory,  on  the  whole.  The  results  on 
the  cotton-seed  meal,  ground  fish,  and  garbage  fertilizer  are  very  uniform.  Practi- 
cally everyone  seemed  to  secure  good  duplicates  with  the  method.  I  myself  secured 
excellent  duplicates  with  all  the  samples  except  the  cotton-seed  meal.  My  figure 
given  above  for  the  cotton-seed  meal  is  the  mean  of  two  results,  which  did  not  agree 
as  well  as  I  wished,  but  lack  of  time  prevented  me  from  doing  any  more  work  with 
the  sample. 

I  should  like  to  call  attention  here  to  the  necessity  of  determining  nitrogen  in  the 
paper  used  for  filtration  in  this  method.  In  my  work  I  used  Schleicher  and  Schiiirs 
folded  filters,  No.  258,  18^  centimeters.  Two  blank  determinations  were  made  on 
the  paper  in  question,  and  as  a  mean  of  these  determinations  0.0016  gram  of  nitro- 
gen was  found.  All  my  results  were  corrected  for  this  amount  of  nitrogen  in  the 
papers. 

This  seems  at  first  sight  quite  a  small  amount  of  nitrogen,  and  so  it  is;  but  when 
we  calculate  availability  this  amount  of  nitrogen  would  alter  figures  considerably, 
and  hence  must  be  taken  into  consideration. 

Table  5  gives  the  availability  of  organic  nitrogen,  as  determined  by  the  neutral 
potassium  permanganate  method  (Street) .  In  the  preparation  of  this  table  use  was 
made  of  the  data  obtained  in  Tables  1  and  4: 

Tabub  5. — AvaUability  of  orffonic  nitrogen  by  the  neutral  poUuaium  permanganate  method 

(Street), 


Analyst. 

Cotton- 
seed 
meal. 

flsh. 

Dried 
blood. 

Tank- 
age. 

Ground 
bone. 

Hoof 
meal. 

Gar- 
liwsr. 

T.  C.  Trasoot,  Department  of  Agricultare. . 
J.  A.  Bixaell,  North  Carolina  station 

Perct. 
74.88 
78.64 
79.82 

Perd. 
90.88 
91.71 

186.86 
92.60 
91.11 
93.62 
94.82 

Per  ct. 
91.87 
94.94 
96.22 
96.08 
98.91 
96.02 
97.83 

Perct. 
80.27 
88.78 

»76.e9 
86.68 

Perd. 
60.42 

178.80 
62.64 
fifi.7.«i 

Perd. 
89.20 
94.06 
89.01 
90.23 
93.65 
94.74 
94.87 

Perd. 
48.10 
60.98 
44.06 

J.  W.  Ames,  Ohio  station 

45.04 

W.  R.  Perkins.  MifiBLsslDDi  station 

76.79 
78.81 
78.97 

85.88  !    59.07 
84.06    »27.72 
86.40    160.02 

49  51 

C  H.  Jones,  Vermont  station r .. . 

F.  8.  Shiver,  Sonth  Carolina  station 

62.46 

Average 

77.78 

92.28 

95.26 

86.07 

67.22 

92.18 

48.34 

1  Omitted  from  the  avera^. 

The  results  here  again  are  very  encouraging,  when  we  take  into  consideration  the 
fact  that  very  small  differences  in  the  percentf^es  of  nitrogen  found  make  comparar 
tively  large  differences  when  calculated  to  percentiles  of  availability.  From  all 
these  results  I  think  we  can  say  that  this  method  is  very  promising;  promising,  not 
only  because  of  the  uniformity  of  the  results  obtained  by  its  use,  but  also  because  of 
the  agreement  of  these  results  with  those  of  vegetation  tests. 

(D)  Results  obtained  on  digestion  of  organic  nitrogen  vnth  pepain-hydrochloric  add. 

This  method,  too,  has  been  described  in  the  letter  of  instructions  already  quoted. 
Only  one  analyst,  Mr.  T.  C.  Trescot,  U.  S.  Department  of  Agriculture,  has  found 
time  to  comply  with  my  request  in  regard  to  this  method.  Your  referee,  I  am 
sorry  to  say,  was  unable  to  do  any  work  with  this  method  for  lack  of  time. 

Table  6  gives  the  results  on  digestion  of  organic  nitrogen  with  this  method  by 
Mr.  Trescot. 

The  figures  refer  to  the  percentages  of  nitrogen  found  in  the  insoluble  residue 
(insoluble  nitrogen) . 
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Tablb  6. — Remits  on  digetlion  of  organic  nitrogen  wUh  pepHn-kydrochloric  cusitL 


Analyst. 

Cotton- 
seed 
meal. 

Ground 
fish. 

Dried 
blood. 

Tank- 
age. 

Qronndi   Hoof 
bone.  1  meal. 

Gar- 
ferti- 
lizer. 

T.  C.  Trescot,  Department  of  A^culture  . . . 

Percl.    Peret. 
0.66       1.88 

Perct, 
0.42 

PercL 
1.84 

PercL    PercL 

0.22      10.22 

1 

Pa-ct. 
I.fl2 

Table  7  givee  the  percentages  of  availability  of  organic  nitrogen  as  determined  by 
this  method. 
This  data  was  obtained  by  using  the  figures  in  Tables  1  and  6. 

Table  7. — AvaUabUily  of  organic  nitrogen  by  the  pepein-hydrochlaric  add  method. 


Analyst 

1 
<^'^- Ground 

Dried 
blood. 

PercL 
96.60 

Tank- 
age. 

Ground 
bone. 

Oar- 
Hoof  '   base 
meal.  ,  t&cm- 
'    zer 

T.  C.  Tiesoot,  Department  of  Agriculture. . 

i\Trf.l  Perct. 
90.16  1    84.60 

PercL 
71.64 

Perct. 
98.85 

PercL    Perct. 
28.88        4&7S 

By  comparing  these  figures  with  the  figures  obtained  fpr  the  availability  of  oi^ganic 
nitrogen  by  the  Street  method  (Table  5)  we  find  that  there  is  a  very  close  agreement 
between  the  figures  for  dried  blood  and  garbage  fertilizer,  as  obtained  by  the  two 
methods.  We  find  also  that  while  the  pepsin  method  only  shows  an  availability  of 
28.33  per  cent  for  hoof  meal,  the  Street  method  shows  an  availability  of  92.18  per 
cent,  which  agrees  much  better  with  the  figures  obtained  by  vegetation  tests. 

As  the  merits  and  demerits  of  the  pepsin  method  have  been  considered  already  in 
the  first  pcurt  of  this  paper  we  will  desist  from  any  further  consideration  of  the  same 
here. 

II. 

After  having  sent  the  samples  out  to  all  those  who  had  signified  their  intention  of 
cooperating  with  me  in  the  work,  I  received  a  letter  from  Mr.  J.  P.  Street^  of  the 
New  Jersey  Station,  who  said  he  thought  better  results  would  be  secured  if  the  sam- 
ples were  ground  finer.  As  I  have  said  previously,  all  tbe  samples  were  gromid,  as 
the  association  directs,  to  pass  a  sieve  having  circular  perforations  1  millimeter  in 
diameter. 

Nevertheless  I  wrote  Mr.  Street,  and  subsequently  all  others  who  had  received 
samples,  to  first  make  the  determinations  suggested  in  my  letter  of  instructions  on 
the  samples  as  received,  and  then  to  regrind  them  so  as  to  pass  a  sieve  having  50 
meshes  to  the  inch,  and  make  all  the  determinations  suggested  again  on  this  r^round 
material.    Three  analysts  have  complied  wholly  or  in  part  with  this  request 

Table  8  gives  the  results  on  digestion  of  organic  nitrogen  with  alkaline  perman- 
ganate on  the  samples  reground  as  directed.  These  figures  represent  the  percentages 
of  nitrogen  evolved. 

Tablb  8. — ReauUe  on  digettUm  of  organic  nitrogen  by  alkaline  permanganate  of  potash 

{Jones)  after  regrinding. 


Analysto. 

Cotton- 
ieed 
meal. 

Ground 
fish. 

Dried 
blood. 

PercL 
7.86 
9.64 
9.64 

Tank- 
age. 

Ground 
bone. 

Gar- 
Hoof      bage 
meal,    f^tili- 

i  «'• 

T.  C.  Treecot,  Department  of  Agriculture. . . 
J.  P.  Street,  New  Jersey  Station 

Perct. 
2.30 
2.76 

PercL 
6.43 

■i  Ai 

PercL 
8.44 
3.68 
3.70 

PercL 
2.0b 
2.47 
2.46 

Perd. 
10.56 
11.29 
10.16 

Perct. 
0  61 
0  72 

C.  H.  Jones.  Vermont  Station 

3.18        S-fiO 

0  63 
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The  results  in  all  cases  (except  Mr.  Tresoot's)  are  somewhat  higher. 

Table  9  gives  the  results  on  digestion  of  organic  nitrogen  by  neutral  permanganate 
on  the  samples  reground  as  directed.  The  figures  refer  to  percentages  of  nitrogen  iu 
the  residue. 

Table  9. — Results  on  digestion  of  orgcmic  nitrogen  by  neutral  permangomate  of  potash 

(Street)  after  regrinding. 


Analyst. 

Cotton- 
seed 
meal. 

Ground 
fish. 

Perct. 
0.87 
1.01 

Dried 
blood. 

Tank- 
age. 

around 
bone. 

Hoof 
meal. 

Gar- 

ferSh- 
ler. 

T.  C.  Tresoot,  Department  of  Agriooltnre . 
J.  P.  Street,  New  Jersey  Station 

Perct. 
2.84 
1.45 

Perct. 
1.16 
0.78 

PareL 
1.18 
1.18 

PtreL 
1.19 
1.10 

ParcL 
0.90 
1.16 

Perd. 
1.97 
1.79 

Mr.  Trescot's  figures  on  the  whole  are  higher;  Mr.  Street's  lower. 

Table  10  gives  the  results  on  digestion  of  oiganic  nitrogen  by  the  pepsin^hydrochloric 
acid  method  on  the  reground  samples.  The  figures  here  rafer  also  to  the  percentage 
of  nitrogen  in  the  residue. 

Table  10. — Remlfn  on  digestion  of  organic  nitrogen  with  pepSfinrhydroMoric  add,  after 

regrinding. 


Analyst. 

Cotton- 
seed 
meal. 

Ground 
fish. 

Dried 
blood. 

link- 
age. 

Qionnd 
bone. 

Hoof 
meaL 

Oar- 

as 

llier. 

T.  ('.  Trescot,  Department  of  Agriculture.. 

Perct. 
0.77 

PereL 
1.88 

PiareL 
a48 

PercL 
L98 

PtrcL 
0.21 

Perct. 
9.85 

PercL 
1.69 

The  results  here  are  about  the  same,  with  the  exception  of  the  hoof  meal,  which 
is  considerably  lower. 

Increased  grinding,  therefore,  augments  to  a  slight  degree  the  nitrogen  availability, 
and  hence  it  may  be  well  to  have  it  understood  that  in  the  future  all  work  of  this 
character  must  be  done  on  samples  which  have  passed  a  sieve  having  50  meshes  to 
the  inch. 

This  increased  grinding,  however,  it  must  be  understood  is  not  necessary  in  order 
to  secure  uniform  results,  as  this  can  be  accomplished  on  coarser  samples,  as  shown 
by  the  results  in  this  paper. 

In  conclusion  I  desire  to  express  my  appreciation  of  the  efforts  of  all  those  who 
have  assisted  me  in  this  work,  and  also  to  apologize  to  the  association  for  the  incom- 
plete report  here  submitted. 

I  desire  further  to  thank  the  association  for  the  honor  it  has  allowed  me  of  serving 
it  for  two  years  in  the  capacity  of  associate  referee  on  nitrogen.  I  hope  my  efforts 
have  not  been  entirely  unappreciated. 

RBCOMMEN  D  ATIONS. 

I  would  recommend  that  the  neutral  permanganate  of  potash  method  (Street)  be 
referred  to  the  referee  on  nitrogen  for  1900  for  further  trial. 
All  of  which  is  respectfully  submitted. 

The  Chaibman.  The  report  on  potash  by  Mi*.  B.  B.  Boss,  of  North 
Carolina,  is  next  in  order. 

Mr.  WiiiEY.  I  have  Mr.  Boss's  paper  which  I  will  read.  I  will  first 
read  a  letter  which  I  have  received  from  him. 
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Alabama  Polytbchnic  iNenrruTKy 

Auburriy  June  28,  1899. 
Dr.  H.  W.  WiLBY, 

Secretary  AssodaUon  of  Official  Agricultural  ChemitUy  San  Franci»00f  Col. 
Deab  Dr.  Wilet:  I  herewith  incloee  my  report  on  potash,  which  was  prepared 
under  great  difficulties  and  in  great  haste,  owing  to  the  press  of  work  on  hand  at 
present. 

The  analytical  data  presented  are  somewhat  meager,  and  some  of  the  results  arrived 
so  late  that  it  is  impossible  for  me  to  tabulate  them  in  time  to  have  them  manifolded. 
The  results  I  send  are  averages  as  reported  by  each  analyst,  and  in  this  form  they 
can  be  placed  on  a  blackboard  easily.    I  will  send  fuller  results  to  you  at  Washing- 
ton, but  trust  these  will  answer  the  purposes  of  the  association. 

In  accordance  with  your  suggestion,  I  include  with  my  report  a  review  of  the  potr 
ash  work  of  the  association  up  to  this  time,  though  it  is  quite  possible  that  I  have 
overlooked  some  points  of  interest. 

With  kindest  r^ards  to  the  members  of  the  association,  including  yourself,  and 
regretting  that  I  can  not  be  present  at  the  San  Francisco  meeting,  I  am, 
Yours,  very  truly, 

B.  B.  Rosa. 
P.  S. — At  last  moment  was  unable  to  average  results. 


KEPOET  OH  POTASH. 
By  B.  B.  Ross,  Refene, 

At  the  suggestion  of  the  secretary  of  this  association,  the  referee  presents,  in  con- 
nection with  his  report  on  potash,  a  short  r^sum^  of  the  work  on  this  subject  per^ 
formed  by  the  association  since  its  inception  fifteen  years  ago.  ^ 

As  is  known  to  many,  the  organization  of  this  association  was  preceded  by  a  con- 
vention of  agricultural  chemists  which  was  held  in  Atlanta  in  May,  1884,  and  althongh 
methods  for  the  determination  of  phosphoric  acid  were  adopted,  no  action  was  taken 
with  regard  to  potash  methods.  The  minutes  of  this  meeting,  however,  indicate  that 
the  subject  was  discussed  to  some  extent,  and  if  we  are  to  judge  from  the  reports  of 
the  discussions,  some  very  crude  methods  of  potash  determination  were  in  use  in  some 
of  the  laboratories  at  that  time. 

Several  years  prior  to  this  time  a  convention  of  agricultural  chemists  was  held  in 
Washington  (July  28, 1880) ,  and  the  following  method  for  the  determination  of  potash 
in  fertilizers  was  recommended : ' '  Solution  in  water,  removal  of  sulphates,  phosphates, 
and  magnesia  by  barium  hydrate,  clearing  with  oxalate  or  carbonate  of  ammonia  and 
precipitating  with  platinum  chloride." 

This  method,  whose  brevity  allowed  considerable  latitude  for  the  individual  analyst, 
was  essentially  the  same  as  that  followed  in  many  laboratories  in  this  country  prior  to 
the  oiganization  of  this  association,  though  in  most  cases  barium  chloride  was  employed 
as  a  precipitant  in  connection  with  barium  hydrate. 

At  the  first  meeting  of  the  association  in  Philadelphia,  in  1884,  methods  for  potash 
as  well  s^s  phosphoric  acid  were  adopted,  the  process  for  the  determination  of  the 
former  in  fertilizers  corresponding  closely  with  the  present  optional  method,  although 
hydrochloric  add  was  employed  along  with  water  in  effecting  the  solution  of  jK>tash, 
and  the  method  also  differed  in  the  particular  that  neither  oxalic  acid  nor  ammonium 
oxalate  was  employed  in  the  precipitation  of  lime,  and  two  separate  treatments  with 
ammonium  carbonate  were  required,  accompanied  by  an  additional  filtration,  evaporar 
tion,  and  ignition. 

At  the  Philadelphia  meeting.  Dr.  H.  W.  Wiley  was  appointed  chairman  of  the  com- 
mittee on  potash,  and  at  the  first  Washington  meeting  thereafter  presented  a  most 
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oomprehenfiiye  report,  reviewing  all  of  the  methods  of  importance  for  potash  deter* 
mination  in  use  at  that  time,  and  also  calling  attention  to  various  methods  which  had 
been  proposed  during  the  few  years  preceding.  In  this  report  attention  was  called 
to  the  fact  that  the  method  described  by  Stohmann  about  twenty  years  before,  and 
extensively  employed  in  Germany  in  the  analysis  of  crude  kainit,  is  essentially  the 
same  as  that  which  found  its  way  into  use  as  the  first  official  method  of  this  asso- 
ciation. 

A  reference  to  the  report  alluded  to  reveals  the  &ct  that  the  unification  of  methods 
of  analysis  in  the  different  countries  had  made  but  little  progress,  and  the  methods 
in  use  in  any  given  country  for  commercial  work  showed  wide  divergences  as  regards 
details,  even  where  the  methods  involved  the  same  principle. 

As  early  as  1875  steps  had  been  taken  by  the  British  Association  for  the  Advance- 
ment of  Science  looking  toward  the  securing  of  uniformity  in  methods  of  analysis  of 
fertilizing  materials,  and  a  commission  appointed  for  the  purpose  endeavored  to  secure 
from  the  leading  chemists  engaged  in  commercial  analysis  a  statement  as  to  the 
methods  employed  in  their  laboratories  for  potash  and  phosphoric  acid  w^ork.  They 
were  not  altogether  successful,  however,  in  their  request  for  information  of  this  char- 
acter, as  one  prominent  firm  of  commercial  chemists  declined  to  give  the  information 
desired,  ''as  we  do  not  think  ourselves  called  upon  to  publish  our  methods  of  analy- 
sis, which  we  have  perfected  after  long  and  careful  investigation,  for  the  benefit  of 
those  who  have  not  taken  this  trouble."  Fortunately  chemists  of  this  character  are 
the  exception  rather  than  the  rule,  and  the  committee  referred  to,  as  well  as  the 
Society  of  Public  Analysts,  have  been  able  to  do  much  toward  the  harmonizing  of 
diverse  methods  of  analysis  in  spite  of  opposition  from  such  sources.  As  the  result 
of  the  work  of  this  conmiittee,  the  process  of  Wallace,  Tatlock,  and  Clark  was  brought 
into  notice  (Chem.  News,  XXXII,  201),  the  prominent  feature  of  this  method 
being  the  washing  of  the  double  chloride  of  potassium  and  platinum  with  a  solution 
of  platinum  chloride. 

The  report  of  Br.  Wiley  in  the  proceedings  of  the  second  annual  convention  of  the 
Association  of  Official  Agricultural  Chemists  covers  the  literature  of  potash  determi- 
nations up  to  that  time  so  thoroughly  that  it  is  unnecessary  to  refer  to  the  processes 
in  use  prior  to  that  date  In  this  report  he  refers  to  the  process  proposed  by  David 
lando,  which  was  the  basis  of  our  present  official  method.  The  method  of  Lindo 
was  first  communicated  to  the  scientific  public  through  the  Chemical  News  in  1881, 
and  for  several  years  iailed  to  attract  any  considerable  attention  from  analytical 
chemists. 

The  method  was  originally  proposed  for  the  determination  of  potash  in  crude  potash 
salts,  and  was  especially  designed  to  overcome  the  difficukies  attendant  upon  the 
determination  of  potash  when  present  as  sulphate,  or  in  the  presence  of  sulphates  of 
other  metals.  At  the  meeting  in  1885  Mr.  Thomas  S.  Gladding  presented  a  paper  in 
which  were  embodied  results  of  tests  of  Lindo' s  original  method,  and  in  connection 
therewith  he  submitted  a  modified  method  applicable  to  mixed  fertilizers.  This 
method  was  printed  in  the  proceedings  of  the  convention  for  the  year  referred  to,  but 
was  not  adopted  as  an  optional  or  alternate  method  until  the  following  year. 

At  the  convention  of  1885  Dr.  Wiley,  as  chairman  of  the  potash  committee,  reported 
the  results  of  some  very  valuable  cooperative  work  on  potash  determinations  carried 
out  under  the  direction  of  that  committee,  and  as  a  result  of  these  investigations  the 
use  of  hydrochloric  acid  as  a  solvent  in  potash  work  was  discontinued,  and  the 
employment  of  oxalic  acid  or  ammonium  oxalate  in  connection  with  ammonia  and 
ammonium  carbonate  was  reconmiended,  the  second  evaporation  and  ignition  after 
the  use  of  ammonium  carbonate  being  dispensed  with. 

In  1880  the  lindo-Gladding  method  was  subjected  to  comparative  tests  along  with 
the  official  method,  although  only  a  small  ph)portion  of  the  analysts  taking  part  in 
the  potash  work  made  determinations  by  the  new  process.    The  results  presented,. 


Digitized  by 


Google 


60 

however,  were  quite  satisfactory,  and  the  Lindo-Gladding'  process  was  given  a  place 
as  an  alternate  method,  while  the  leading  feature  of  this  process  was  farther  recog- 
nized in  the  provision  made  in  the  official  method  for  the  use  of  ammonium  chloride 
wash  water  in  case  of  the  contamination  of  precipitates  ohtained  hy  what  waa  then 
the  r^ular  method.  The  new  method  was  given  a  further  and  quite  comprehenave 
trial  in  1887,  and  was  adopted  as  the  regular  official  method,  while  the  former  offidal 
process  was  relegated  to  the  place  of  an  alternate  method. 

The  method  of  lindo,  aa  originally  modified  by  Gladding,  provided  simply  for  the 
addition  of  ammonia  before  making  solution  up  to  the  mark,  but  in  1888,  upon 
recommendation  of  Mr.  E.  B.  Voorhees,  of  the  New  Jersey  Station,  the  addition  of 
ammonium  oxalate  to  effect  the  complete  precipitation  of  lime  was  also  required. 

I>uring  the  succeeding  two  years  no  changes  of  importance  were  made  in  ihe 
methods  of  potash  determination,  although  in  1891  the  process  was  so  modified  that 
ammonia  was  added  before  the  anmionium  oxalate  in  the  official  method,  and  the 
addition  of  the  latter  reagent  was  made  to  the  hot  solution  instead  of  adding  it  to 
the  solution  after  cooling.  At  this  meeting  of  the  association  a  paper  was  presented 
by  Mr.  A.  L.  Winton,  of  the  Connecticut  Station,  with  reference  to  the  desiiability 
of  omitting  the  use  of  sodium  chloride  from  the  Lindo-Gladding  method,  and  numer- 
ous results  were  reported  in  support  of  the  contention  that  the  employment  of  this 
substance  was  unnecessary.  This  question  was  further  tested  under  the  direction  of 
Dr.  G.  F.  Payne,  reporter  on  potash  for  1892,  and  as  the  result  of  numerous  coox>era- 
tive  determinations  the  use  of  sodium  chlorid  was  discontinued.  As  before  stated 
the  employment  of  sodium  chloride  was  proposed  by  Gladding  in  his  original  modi- 
fication of  the  method  of  Lindo,  but  the  use  of  sodium  chloride  in  the  determination 
of  potash  in  the  presence  of  sulphates  had  been  proposed  by  Wallace,  Tatlock,  and 
Clark  as  early  as  1875.     (Chem.  News,  32,  202.) 

At  the  1891  meeting,  the  method  for  kainit  was  so  changed  as  to  require  the  use  of 
ammonia  and  ammonium  oxalate  to  precipitate  lime,  and  an  additional  evaporation 
and  ignition  was  thus  entailed  upon  those  employing  this  method.  This  change  was 
made  without  any  request  therefor  by  the  reporter,  and  without  any  previous  inves- 
tigation into  the  desirability  of  such  a  change.  Some  two  years  since,  upon  the 
recommendation  of  Mr.  Winton,  the  referee  on  potash  at  that  time,  the  association 
•dispensed  with  the  use  of  ammonia  and  ammonium  oxalate,  and  returned  to  the  use 
of  the  method  as  originally  employed. 

In  1893,  for  the  first  time,  the  cooperation  of  European  chemists  was  secured  in 
the  determination  of  potash  in  association  samples,  but  the  results  of  this  cooxterative 
work  were  of  comparatively  little  value,  for  the  reason  that  the  foreign  chemists 
employed  the  German  Official  methods  and  the  Stassfurt  method,  while  American 
chemists  likewise  confined  themselves  to  the  use  of  American  official  methods. 

During  the  past  few  years  Messrs.  Wheeler  and  Winton,  as  referees  on  potash,  have 
tested  the  accuracy  of  both  the  Lindo-Gladding  and  optional  methods  quite  thor- 
oughly by  the  employment  of  chemically  pure  potash  salts,  mixed  with  varying  pro- 
portions of  the  impurities  commonly  met  with  in  the  crude  potash  salts.  Coox>eration 
on  the  part  of  German  chemists  was  also  Secured  to  a  limited  extent  in  testing  the 
comparative  merits  of  the  Lindo-Gladding  and  Stassfurt  methods,  and  the  Stass- 
furt method  has  also  been  given  an  official  trial  by  this  association,  with  results  not 
at  all  disadvantageous  to  our  present  official  method. 

Winton  has  shown  by  results  of  experiments  reported  to  the  association  that  a  very 
common  source  of  error  in  potash  determinations  is  the  retention  of  mother  liquor  in 
the  interior  of  crystals  of  the  double  chloride,  especially  when  these  crystals  are  at 
all  laige,  and  on  this  account  has  recommended  that  the  drying  be  effected  at  130^  C, 
or  else  that  the  precipitation  be  effected  from  dilute  solutions. 

As  the  result  of  investigations  made  and  reported  some  two  years  since,  the  factor 
now  employed  for  the  calculation  of  the  amount  of  potassium  oxide  is  0.1989  instead 
of  the  factor  0.19308  formerly  in  use. 
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The  abstiaci  committee  has  furnished  the  association  with  information  with  regard 
to  new  methods  of  fertilizer  analysis  proposed  by  foreign  workers,  and  it  would  he 
useless  to  refer  in  detail  to  the  various  processes  proposed  in  the  time  elapsing  since 
the  r^sum^  of  potash  methods  was  presented  in  the  proceedings  of  the  second  annual 
convention. 

The  perchlorate  method  has  attracted  considerable  attention  from  foreign  chemists 
within  the  past  few  years,  and  in  a  recent  number  of  the  Journal  of  the  American 
'Chemical  Society  (January,  1899)  Mr.  F.  S.  Shiver  presents  the  results  of  an  investi- 
gation made  by  him  with  regard  to  the  advantages  of  this  process  as  compared  with 
other  methods. 

The  perchlorate  method,  however,  is  not  a  new  method  in  principle,  having  -been 
employed  by  Schloesing,  Henry,  and  others  nearly  thirty  years  ago,  though,  by 
reason  of  certain  improvements  in  the  details  of  the  process,  it  has  become  more  easy 
of  execution,  and  is  held  in  high  esteem  in  many  of  the  European  laboratories. 

Numerous  processes  have  been  proposed  by  Bomtraeger,  Jean  and  Trillat,  Ehr- 
mann, Villiers,  Borg,  and  others  for  the  reduction  of  the  chloro-platinate  by  means 
of  various  agents,  the  spongy  platinum  being  weighed  instead  of  the  double  chloride; 
but  none  of  these  processes  seems  to  be  free  from  objections  with  regard  to  its  use  as 
an  independent  method. 

POTASH   WORK   POR  1899. 

The  early  date  at  which  the  association  convenes  this  year  and  the  large  amount 
of  work  devolving  upon  the  referee  during  the  spring  and  early  summer  months 
have  led  to  the  contraction  of  the  scope  of  the  work  on  potash  for  the  present  year. 
Much  to  my  regret,  some  features  which  it  was  intended  should  be  included  in  the 
investigation  of  potash  methods  were,  at  the  last,  eliminated  from  the  plan  of 
work  outlined  for  the  present  season  and  the  work  was  restricted  to  limits  commen- 
surate with  the  time  at  the  disposal  of  the  referee  and  the  cooperating  chemists. 

During  the  past  spring  a  circular  letter  was  sent  out  to  about  sixty  laboratories 
with  a  view  to  securing  cooperation  on  the  part  of  the  chemists  addressed  in  the  inves- 
tigation of  methods  of  potash  determination.  In  reply  to  this  letter  twenty-five 
chemists  requested  samples,  several  of  whom,  however,  agreed  to  do  the  work  con- 
ditionally.   The  following  letter  of  instructions  was  sent  out  with  each  set  of  samples: 

Instructions  for  potash  work  for  1899, 

In  view  of  the  foct  that  other  features  of  the  potash  work  have  been  covered  quite 
fully  during  the  past  few  years,  it  has  been  deemed  desirable  to  })repare  for  distribu- 
tion two  samples  which  contain  at  least  a  portion  of  their  potash  in  oi^ganic  forms. 

Sample  No.  1  consists  largely  of  acid  phosphate  mixed  with  ground  tobacco  stems, 
while  an  additional  amount  of  potash  is  supplied  as  muriate.  Sample  No!  2  is  com- 
posed chiefly  of  acid  phosphate  and  cotton-seed  meal,  together  with  a  small  proportion 
of  sulphate  of  ^tash. 

The  preparation  of  the  solution  for  potash  determinations  should  be  effected  accord- 
ing to  the  method  usually  employea  for  organic  materials^  10  grams  of  the  sample 
being  saturated  with  strong  sulphuric  acid  and  thoroughly  incinerated. 

The  referee  would  also  suggest  that  parallel  tests  be  made  with  employment  of  sul- 
phuric acid  diluted  1:1  (one  to  one)  for  saturation  of  the  material  preparatorv  to  igni- 
tion. The  acid  thus  diluted  moistens  the  material  much  more  thoroughly  than  a 
corresponding  amount  of  the  concentrated  acid,  and  after  drying  the  sample  slightly 
on  an  asbestos  board  it  can  be  quickly  incinerated  in  a  muffle  or  over  the  direct  name 
with  less  difficulty  than  where  the  strong  acid  is  employed. 

It  is  desired  that  results  be  reported  both  by  the  Lindo-Gladding  and  the  optional 
methods,  and  the  statement  of  r^ults  should  snow  the  amount  of  substance  employed 
in  the  determination,  the  total  weight  of  K,PtCl«  obtained,  and  the  weight  of  K^PtCl^ 
from  blanks. 

It  was  suggested  at  the  last  meeting  of  the  Association  of  Official  Agricultural  Chem- 
ists that  all  weighings  by  the  lindo-Gladding  method  should  be  made  in  the  Gooch 
crucible,  and  it  is  requested  that  comparative  tests  of  results  by  the  use  of  the  Grooch 
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crucible  and  the  tared  filter  be  made  (b^  the  lindo-Gladding  method} 
tate  being  dissolved  on  the  filter  paper  with  hot  water  in  order  to  che 
It  is  also  desired  that  moisture  m  the  samples  be  determmed. 
Kesults  should  reach  the  referee  not  less  than  fifteen  days  in  advance  of  the  next 
meeting  of  the  association,  in  case  said  meeting  is  held  m  July,  or  thirty  days  in 
advance  of  the  meeting,  in  case  the  convention  is  held  in  the  fall. 
Respectfully, 

B.  B.  Row,  B^erec 
L.  S.  MuNBON,  Associate, 

The  two  samples  sent  out  for  analysis  were  prepared  aa  foUowa: 

Sample  No.  1  oonaistod  of  an  intimafea  raixtore  of  acid  phosphate,  finely  ground 
tobacco  stems,  chemically  pure  potassium  chlorid,  and  chemically  pure  magnesiiun 
sulphate,  in  the  following  proportions:  82  ounces  of  add  phosphate,  64  ounces  of 
tobacco  stems,  10  ounces  of  potassium  chlorid,  4  ounces  of  magnesium  sulphate. 

Sample  No.  2  was  prepared  by  mixing  the  following  ingredients  in  the  proportions 
named:  84  ounces  of  add  phosphate,  64  ounces  of  cotton-seed  meal,  8  ounces  of 
potassium  sulphate,  4  ounces  of  magnesium  sulphate. 

In  both  cases  the  constituents  of  the  mixture  were  finely  pulverized  and  intimately 
mixed  with  each  other.  Careful  analyses  made  in  the  laboratory  of  the  Alahama 
Station  showed  the  tobacco  stems  to  contain  approximately  9.62  per  cent  potash, 
while  the  cotton-seed  meal  showed  a  content  of  2.04  per  cent  potash.  Oalculated  upon 
this  basis,  sample  No.  1  should  contain  about  7.80  per  cent  potash,  and  sample  No.  2 
about  3.52  per  cent  potash. 

Reports  were  recdved  from  seven  laboratories  exdusive  of  the  Alabama  laboratoiy, 
and  the  appended  table  of  results  represents  the  work  of  twelve  aoalyats  in  eight 
laboratories.  ^ 

BesuUs  upon  sample  No,  1. 


AnalTBt. 


Moisture. 


Idndo-Gladding 
'method.    • 


Indnem- 

tioii 
withoon- 
oentrated 

acid. 


Inoiiiem- 

tion 

with  dilute 

acid. 


Incinera- 
tion 
with  con- 
centiated    dllote 
add. 


Optional  methol 


Indnem- 

tiOD 

with 


W.  A.  Rawla,  Florida. 
Thorn  Smith,  Idaho . . 


7.74 


R.  £.  Blouin,  Louisiana . 
J.  S.  Carroll.  MiniHippl.. 


J.  L.  Stinaon,  Mississippi . 


R.  F.  Hare,  New  Mexico 

G.  D.  Harris.  North  Oarollna. 


6.82 


6.82 


7.27 
9.11 


*  Used  Gooch  crudble. 


»7.77 
•7.70 


7.99 
7.97 
7.99 
7.96 
7.96 


■7.74 


■7.96 
•7.85 


7.79 


7.76 


7.78 
7.78 


■7.78 


•7.82 


•7.91 


7.89 


•7.80 


t7.M 


7.79 
7.78 
7.88 

7.66 

7.77 

•Used  tared  Alter. 
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RenUtB  upon  sample  No.  J — Continued. 


ADAlysfc. 


MolBtare. 


Ldndo-OUddlng 
method. 


Incinera- 
tion 
with  con- 
centrated 
acid. 


Ineinexa- 

tlon 

with  dilate^ 

acid. 


Incinera- 
tion 
with  con- 
centrated 
acid. 


Optional  method. 


Incinera- 
tion 
with 
dilute 
add. 


F.  B.  Carpenter,  Virginia. 


7.78 
7.80 


R.  6.  Newbome,  Virginia. 
J.  Q.  Burton,  Alabama ... 


•7.79 
7.69 


8.28 


7.88 
7.96 


B.  B.  Ron,  Alabama. 


17.1 
«7.86 


7.91 


7.89 


7.84 


Means. 


7.78 


7.82 


7.80 


7.80 


1  Used  Gooch  crucible. 
Calculated  potash  content,  7.80. 


•Used  tared  filter. 


Betulis  upon  tample  No,  g. 


Analyst 


Moistaie. 


lindo-Oladding 
method. 


Incinera- 
tion 
with  con- 
centrated 
acid. 


Incinera- 
tion 
with  dilute 
acid. 


Incinera- 
tion 
with  con- 
centrated 
add. 


Optional  method. 


Incinera- 
tion 
with 
dilute 
add. 


W.  A. Rawles,  Florida. 
Thorn  Smith,  Idaho . . . 


>8.64 
«8.66 


8.68 


7.92 


8.66 
8.66 


8.64 


R.  E.  Blouin,  Louisiana. 
J.  S.  Carroll,  Mississippi. 


■8.66 
•8.28 


8.41 
8.41 


•8.41 
«8.29 


•8.28 


•8.80 


6.92 


8.84 
8.86 
8.88 
8.82 
8.80 
8.88 


8.82 
8.81 
8.80 


-8.81 


J.  L.  Stinaon,  MiasisBippi . 


6.92 


8.87 
3.34 
8.29 
8.81 
8.28 


8.86 


8.82 


R.  F.  Hare,  New  Mexico 

C.  D.  HaiTis,  North  Carolina. 


4.76 
8.70 


8.61 


3.40 
8.60 


8.45 


F.  B.  Carpenter,  Virginia  . 


8.86 
8.80 
8.84 
8.80 
8.29 

8.84 

I 

\ 

8.60 
8.60 
8.65 
8.47 
8.87 


8.82 
8.74 


8.41 
8.40 


8.40 


» Used  Qooch  crudble. 


■8.48 


•Used  tared  filter. 
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BemiUs  upon  MmpU  No, ;?— Oontinaed. 


Analyet 


Moistoro. 


Lindo-Oladdidg 
method. 


Incinera- 

tion 

with  con- 

centrated 

add. 


Indneiar 

tion 

wlth«]ate 

add. 


Optkmal  method. 


Indnera-  Inclii!em> 


tion 
with  con- 
centrated 

add. 


tioii 
with 
dilate 
add. 


R.  O.  Newbome,  Viiginia. 

J.  Q.  Burton,  Alabama 

ClkHare,  Alabama 


8.42 
8.41 


-8.41 


B.  B.  BoBB,  Alabama . 


Means. 


6.01 


8.64 

8.74 

J 

18.62 

18.61 

S3. 66 

*8.68 


-8.60 


8.&) 
8.64 


•8.46 
«8.61 


-8.60 


-8.48 


S.» 


6.66 


8.46 


8.40 


8.28 


S.42 


1  Used  Oooch  cradble. 
Oalculated  potash  content,  8.62. 


•Used  tared  filter. 


GOMMENTB  OF  ANALTSTB. 

C,  D.  ffarriSf  North  Carolina, — ^All  weighings  were  made  in  Gooch  cmcibles.  I 
found  that  the  time  required  for  incineration  was  considerably  shortened  by  nsiiig 
the  1  to  1  acid. 

R,  E.  Blxmin,  Louisiana. — All  weighings  were  made  on  balanced  filters. 

/.  S,  Carroll  and  J.  L,  SUnson,  Missiuippi, — ^In  sample  No.  1  low  results  were 
obtained  when  saturated  with  5  or  6  cc  dilute  sulphuric  acid,  but  good  results  when 
10  cc  were  used.  In  sample  No.  2, 5  cc  of  dilute  acid  seemed  to  be  sufficient.  All 
weighings  were  made  in  Gooch  crucibles. 

R.  F,  Hare,  New  Mexico, — ^I  am  of  the  opinion  that  the  dilute  acid  is  better  than 
the  concentrated  for  treatment  of  the  material,  and  think  that  a  strength  of  1  to  4 
would  be  better  still. 

C.  W.  McCurdy  and  Thorn  Smiihy  Idaho, — ^Used  paper  in  bottom  of  Gooch  crucible 
instead  of  asbestus.  The  difference  in  the  results  with  concentrated  acid  and  1  to  1 
acid  I  ascribe  to  insufficient  acid  in  the  latter  case.  While  the  nmterial  was  com- 
pletely saturated,  I  do  not  think  that  there  was  a  sufficiency  of  acid.  We  find  the  con- 
centrated acid  fully  as  easy  to  apply,  and  prefer  it.  There  was  a  uniform  loss  of  0.01 
per  cent  in  dissolving  off  the  precipitate  and  reweighing  filter. 

In  the  laboratory  of  the  Alabama  Station  it  was  found  that  ignitions  after  satoia- 
tion  with  1  to  1  add  could  be  effected  much  more  rapidly  and  easily  than  with  the 
concentrated  acid,  and  it  is  also  easier  to  detach  the  ignited  residue  from  the  dish. 

The  data  with  r^ard  to  the  comparative  merits  of  the  Gooch  crucible  and  the 
tared  filter,  as  derived  from  these  results,  are  so  meager  as  to  preclude  the  drawing 
of  any  definite  conclusions  for  or  against  the  use  of  the  filter.  While  a  very  large 
proportion  of  our  analysts  will  probably  prefer  to  use  the  Gooch  crucible,  neverthe- 
less the  results  as  reported  by  the  use  of  tared  filters  indicate  that  it  is  possible  to 
secure  quite  satisfactory^  results  by  the  employment  of  the  latter  process  of  filtration. 

The  association  has  already  recommended  that  the  optional  method  be  not  used 
when  the  potash  is  present  as  sulphate,  and  it  would  seem  that  the  same  objection 
would  hold  good  when  the  fertilizers  are  incinerated  with  sulphuric  add. 
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The  referee  has  recently  made  a  number  of  determinations  by  a  .process  which  is 
being  tested  in  the  Alabama  Station  laboratory,  and  it  is  his  intention  to  make  further 
trial  of  the  method  referred  to  with  a  view  to  determining  its  accuracy  and  adaptability 
to  regular  fertilizer  work.  A  very  large  proportion  of  our  mixed  fertilizers  requires 
ignition  after  treatment  with  sulphuric  acid,  and  during  the  process  of  incineration 
not  only  is  the  organic  matter  destroyed,  but  ammonia  is  also  expelled.  This  end 
having  been  attained,  it  is  desirable  if  possible  to  avoid  another  evaporation  and 
ignition.  To  obviate  this  second  ignition  the  residue  in  the  dish  is  removed  without 
addition  of  hydrochloric  acid,  rubbed  up  with  a  pestle,  and  transferred  to  a  beaker. 
It  is  next  boiled  with  300  cc  of  water,  as  usual,  and  just  before  the  conclusion  of  the 
boiling  a  small  quantity  of  barium  carbonate,  suspended  in  water,  is  added  and  the 
boiling  continued  for  a  short  time.  The  barium  carbonate  effects  the  precipitation  of 
iron,  alumina,  some  of  the  phosphates,  and  a  part  of  the  lime  and  magnesia.  The 
solution  after  cooling  is  made  up  to  500  cc,  an  aliquot  is  filtered  out,  a  few  drops  of 
hydrochloric  added,  and  then  an  excess  of  platinum  chloride.  The  process  is  then 
continued  as  in  the  Lindo-Gladding  mehod,  using  ammonium  chloride  wash  water. 

Results  by  this  process  agree  quite  closely,  so  far  as  the  method  has  been  tested, 
with  those  obtained  by  a  water  solution  by  the  regular  Lindo-Gladding  method,  but 
the  method  has  so  far  been  tried  to  only  a  very  limited  extent 

The  referee  would  call  attention  to  the  fact  that  the  results  by  the  Lindo-Gladding 
method  for  sample  No.  1,  if  one  determination  be  excluded,  are  within  0. 2  per  cent 
of  each  other,  and  that,  too,  in  a  sample  of  a  complex  character,  and  with  a  potash 
content  so  high  as  to  make  a  slight  variation  of  little  moment.  These  results  bear 
strong  testimony  to  tne  accuracy  attainable  with  the  use  of  our  present  official 
method  in  case  of  complex  mixtures  containing  potash  derived  from  a  number  of 
different  sources. 

RECOMMENDATIONS. 

The  referee  does  not  feel  justified  in  recommending  any  changes  in  our  present 
methods  for  potash  determinations,  but  would  suggest  that  the  use  of  1  to  1  sulphuric 
acid  be  allowed  as  an  option  for  saturating  mixed  fertilizers  preparatory  to  ignition. 

The  Chairman.  Next  in  order  is  the  report  on  phosphoric  acid,  by 
E.  G.  Runyan,  of  the  U.  S.  Department  of  Agriculture,  Washington, 
D.  C.  Before  we  have  that,  if  there  are  suggestions  to  be  made  or 
discussion  to  be  had  upon  the  reconunendations  of  the  reporter  ob 
postash,  they  will  be  in  order. 

Mr.  Wiley.  I  think  it  is  a  matter  of  congratulation  that  the  referee 
finds  his  conscience  will  not  permit  him.  to  make  any  suggestions  for 
changes  in  the  method  of  analysis. 

The  CHAiKBiAN.  We  will  take  up  the  method  for  phosphoric  acid, 
by  Mr.  E.  G.  Runyan,  of  Washington,  D.  C. 

Mr.  Runyan  presented  the  following  paper: 

BEPOBT  ON  FHOSFHOBIO  AOD). 
By  E.  G.  Runyan,  Referee. 

In  response  to  requests  for  samples  from  analysts  who  expressed  a  willingness  to 
take  part  in  the  work  on  phosphoric  acid  for  this  year,  sixteen  sets  of  samples,  with 
instructions,  were  sent  out  to  as  many  analysts,  but  when  the  date  of  the  meeting 
was  announced  it  was  feared  that  few  of  the  analysts  would  have  the  work  completed 
and  ready  to  report  by  that  time.  Such  proved  to  be  the  case,  as  the  only  reports 
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received  up  to  the  present  time  are  from  two  labaratories,  which  report  resulte  on 
part  of  the  work  outlined  and  state  that  lack  of  time  prevented  their  doing  more. 
Under  the  circumstances  it  was  not  thought  best  to  present  these  few  figures  here, 
but  to  give  instead  a  brief  history  of  the  work  on  phosphoric  acid  by  members  of  tliL* 
association  since  its  organization,  which  has  UhI  to  the  adoption  of  our  methods  in 
their  present  form. 

Realizing  the  urgent  need  of  chemical  methods  which  would  yield  more  concord- 
ant results  at  the  hands  of  different  analysts,  a  meeting  was  called  of  American 
chemists  engaged  in  fertilizer  analyses,  which  convened  in  Washington  July  28, 1880, 
and  was  styled  a  convention  of  agricultural  chemists. 

A  committee  of  five  was  appointed  to  select  a  method  for  determining  phosphoric 
acid  in  commercial  fertilizers.  This  committee  recommended  the  adoption,  provi- 
sionally, of  a  method  based  on  that  of  Fresenius,  Neubauer,  and  Luek.  By  this 
method  the  water  soluble  was  determined  by  rubbing  up  the  sample  with  water  and 
washing  until  filtrate  was  no  longer  acid.  The  citrate  insoluble  was  determined  by 
rubbing  up  residue  from  water  soluble  with  100  cc  neutral  anunonium  citrate  solution, 
transferring  to  flask,  placing  flask  in  cold-water  bath,  and  raising  temperature  to  -tO**, 
maintaining  at  that  point  half  an  hour,  filtering,  and  washing  with  dilute  citrate 
solution.  The  method  for  total  was  practically  the  same  as  the  gravimetric  method 
now  in  use. 

At  the  Cincinnati  meeting,  in  August,  1881,  results  obtained  with  phosphatic  ferti- 
lizers by  treatment  according  to  the  Washington  method,  and  also  results  by  the 
oxalate  method  were  presented.  In  the  general  discussion  the  results  by  ttfe  Wash- 
ington or  citrate  method  were  compared  unfavorably  to  those  by  the  oxalate  method. 
The  latter,  it  was  claimed,  gave  higher  available  phosphoric  acid. 

After  a  lengthy  discussion  the  convention  decided  to  substitute  anunonium  oxalate 
for  ammonium  citrate  as  a  solvent.  By  this  method  the  insoluble  was  determined  by 
treating  the  residue  from  the  water  soluble  with  100  cc  of  a  neutral  solution  of 
ammonium  oxalate  containing  20  grams  of  the  salt  to  the  liter,  digesting  in  a  boiling 
water  bath  for  one  hour,  filtering,  washing,  and  determining  the  insoluble  in  the 
residue  by  the  usual  method.     This  was  known  as  the  Cincinnati  method. 

Following  this  meeting  a  numl^er  of  the  chemists  tested  the  Washington  and  Cin- 
cinnati methods  on  a  set  of  samples  sent  out  by  the  secretary.  Strange  to  say,  the 
results  for  available  phosphoric  acid  by  the  oxalate  were  uniformly  lower  than  by  the 
citrate  method.  After  these  results  were  reported  we  find  no  further  indorsements 
of  the  oxalate  method,  either  by  the  convention  of  agricultural  chemists  or  its  suc- 
cessor, the  Association  of  Official  Agricultural  Chemists. 

At  the  Atlanta  meeting,  in  May,  1884,  a  number  of  papers  were  presented  giving 
results  on  the  several  forms  of  phosphoric  acid  according  to  the  straight  Washington 
method  and  modification  thereof.  These  modifications  were  mostly  ^^ariations  in 
the  temperature  and  time  of  treatment  with  citrate  solution,  and  in  the  relative  pro- 
portions of  material  and  solvent. 

The  action  of  the  convention  in  the  adoption  of  a  method  for  the  ensuing  year 
was  practically  a  return  to  the  Washington  method,  changing,  however,  the  tempera- 
ture of  the  bath  used  in  the  citrate  digestion  from  40°  to  65°. 

In  September  of  the  same  year  the  convention  of  agricultural  chemists  met  in 
Philadelphia  and  organized  the  Association  of  Official  Agricultural  Chemists. 

The  methods  adopted  by  the  convention  at  the  Atlanta  meeting  were  adopted  as 
the  official  methods  of  the  new  association. 

At  the  second  annual  meeting,  in  Washington,  the  following  year,  the  committee 
presented  averages  of  results  obtained  by  fifteen  analysts,  with  the  highest  and  low- 
est results  rejwrted.  A  full  discussion  follow^ed,  but  no  important  change  in  meth- 
ods was  made. 

At  the  third  annual  meeting,  in  1886,  the  committee  reported  results  on  soluble, 
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insoluble,  and  total  phosphoric  acid.  The  results  on  total  and  soluble  phosphoric  acid 
were  quite  satisfactory,  while  the  results  on  insoluble  were  extremely  unsatisfactory. 

Mr.  Clifford  Hichardson  presented  a  paper  giving  the  results  of  some  experiments 
in  testing  the  delicacy  of  various  indicators  with  ammonium  citrate  solution,  and 
showed  corallin  to  be  more  delicate  than  litmus  for  such  work. 

A  paper  was  also  presented  giving  results  obtained  in  a  comparison  of  Wagner's 
with  the  association  method  for  the  determination  of  available  phosphoric  acid. 
Wagner's  method  employs  an  acid  solution  of  ammonium  citrate. 

The  methods  were  changed  to  the  extent  of  directing  the  use  of  corallin  as  an  indi- 
cator in  the  preparation  of  the  ammonium  citrate  solution. 

In  1887  the  committee  on  phosphoric  acid  presented  results  from  only  six  analysts. 
While  the  results  on  the  three  forms  of  phosphoric  acid  were  on  the  whole  satisfac- 
tory, still  the  figures  presented  were  considered  too  few  to  warrant  making  any 
changes  in  the  methods. 

In  1888  the  committee  presented  results  from  thirty-two  analysts.  Some  results 
were  also  contributed,  obtained  by  experiments  to  test  time  required  for  complete  pre- 
cipitation. The  figures  given  showed  that  in  these  tests  the  phosphoric  acid  was 
practically  all  precipitated  by  the  molybdic  solution  in  five  minutes,  and  by  the 
magnesia  mixture  in  fifteen  minutes. 

One  point  brought  out  in  the  discussion  which  followed  was  that  the  variable 
quantity  of  water  added  each  time  to  the  phosphate  in  determination  of  soluble  might 
be  one  caus^  of  lack  of  unifonnity.  The  association  therefore  directed  that  a 
Schleicher  and  Schiill  No.  589  filter,  9  cm.  in  diameter,  be  used  in  the  determination 
of  water  soluble,  and  that  the  phosphate  be  rubbed  up  in  a  beaker. 

The  methods  were  further  slightly  modified  to  the  extent  of  allowing  the  use  of 
either  water  or  ammonium  nitrate  solution  as  a  wash  for  the  yellow  precipitate. 

The  reporter  in  1889  presented  results  from  fifteen  chemists.  Most  of  these  results 
were  considered  good.  With  each  set  of  samples  the  reporter  also  sent  400  cc  of 
ammonium  citrate  solution  for  comparison  of  tests  for  neutrality.  One  chenyst 
reported  this  solution  alkaline,  while  one  reported  it  slightly  acid. 

The  question  of  grinding  and  sifting  the  samples  and  size  of  sieve  to  be  used  came 
up  for  discussion,  when  it  was  found  that  wide  differences  existed  in  the  practice  of 
different  laboratories.  Therefore  the  association  directed  that  the  samples  be  passed 
through  a  sieve  having  circular  perforations  one  twenty-fifth  of  an  inch  in  diameter. 

Following  the  report  on  phosphoric  acid  at  the  meeting  in  1890,  papers  were  pre- 
sented ^emphasizing  the  facts  that  slight  deviations  from  the  neutral  point  of  the 
citrate  solution,  variations  in  temperature,  and  relative  proportions  of  material  and 
solvent  might  cause  wide  differences  in  figures  for  citrate  soluble,  especially  on  phos- 
phates of  iron  and  alumina. 

After  an  extended  discussion  tlie  association  modified  the  methods  slightly  by 
limiting  the  filtrate  in  the  determination  of  water  soluble  to  250  cc  and  directing 
that  the  citrate  insoluble  residue  be  washed  with  water  at  65°,  instea^l  of  at  ordinary 
temperature. 

In  1891  the  reporter  gave  considerable  study  to  the  action  of  various  citrate  solu- 
tions on  phosphatic  fertilizers,  not  only  the  official  neutral  solution,  but  acid  and 
alkaline  solutions  as  well. 

In  this  connection  he  called  attention  +0  the  fact  that  in  working  on  fertilizers 
containing  aluminum  phosphatt*,  some  compounds  containing 'phosphorus  are  either 
dissolved  or  carried  through  the  paper  when  the  citrate  insoluble  is  washed  with 
pure  water,  but  when  dilute  citrate  solution  is  used  as  the  wash  the  filtrate  is  clear. 
It  was  suggested  that  in  a  case  of  this  kind  of  material  probably  nearer  correct  results 
could  be  obtained  by  washing  with  cold,  dilute  citrate  solution. 

As  a  result  of  some  experiments  in  the  preparation  of  a  neutral  solution,  the 
reporter  presented  a  method  which  consists  in  the  taking  of  a  jiortion  of  the  nearly 
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neutral  citrate  solution  prepared  as  usual  and  precipitating  the  citric  acid  with  a 
neutral  solution  of  calcium  chlorid,  filtering  and  testing  neutrality  of  filtrate  with 
cochineal.    This  was  made  an  alternate  method. 

Early  in  the  history  of  the  association  attention  was  called  to  the  fact  that  with 
some  classes  of  goods,  e8i)ecially  cotton-seed  meal,  lower  results  were  obtained  when 
the  organic  matter  was  destroyed  by  a  mixture  of  nitric  and  hydrochloric  acids  than 
when  ignition  was  practiced. 

Besults  obtained  by  trials  of  various  methods  on  different  fertilizing  materials 
were  presented  at  the  meetings  from  time  to  time,  and  in  1891  much  work  was 
done  along  these  lines  and  the  data  presented  to  the  association.  A  thorough  dis- 
cussion followed  and  resulted  in  the  adoption  of  the  methods  for  oxidation  of  the 
oi^ganic  matter  and  solution  of  the  phosphate  in  practically  their  present  form. 

In  1893  the  analysts  were  requested  to  determine  insoluble  by  following  strictly 
the  ofiicial  method,  and  also  by  modifying  that  method  to  the  extent  of  beating  the 
citrate  solution  to  65°  before  adding  the  phosphate.  The  results  by  the  mod- 
ified method  were  as  a  rule  slightly  lower,  but  they  were  much  more  concordant,  and 
this  modification  was  incorporated  in  the  methods  at  the  meeting  in  1893. 

At  this  meeting  Prof.  B.  B.  Ross  gave  a  method  for  determining  the  citrate  insol- 
uble directly  by  destroying  the  organic  matter  in  an  aliquot  portion  of  the  ammo- 
nium citrate  filtrate,  preferably  by  digestion  with  sulphuric  acid  and  mercuric  oxid, 
and  then  proceeding  as  under  determination  of  total  phosphoric  acid.  The  author 
gave  a  series  of  results  obtained  in  his  laboratory  by  this  method,  which  showed 
close  agreement  with  results  determined  by  difference. 

A  comparison  of  this  method  with  the  official  one  was  made  by  nearly  all  the 
analysts  who  took  part  in  the  phosphoric-acid  work  during  the  succeeding  two  years. 
The  most  of  the  results  obtained  were  unsatisfactory. 

While  the  results  by  the  official  gravimetric  method  were  believed  to  be  reliable, 
still  the  method  is  a  long  and  tedious  one,  and  analysts  have  long  been  looking  for  a 
method  which  would  at  least  save  one  precipitation  and  at  the  same  time  give  equally 
accurate  results.  To  accomplish  this  various  volumetric  methods  have  been  proposed, 
and  in  1894  the  reporter  requested  a  trial  of  Pemberton's  volumetric  method,  which 
depends  upon  the  titration  of  the  yellow  ammonium-phospho-molybdate  precipitate 
with  a  standard  alkali  solution.  This  method  was  later  modified  by  Kilgore  and 
also  by  McDonnell.  Since  1894  an  enormous  amount  of  work  has  been  done  by 
members  of  this  association  in  trials  of  this  method  and  its  various  modifications. 

The  results  at  first  obtained  by  many  of  the  analysts  were  very  discouraging,  but 
later  results  were  more  concordant,  and  in  1895  they  were  considered  promising 
enough  to  warrant  the  adoption  of  the  Pemberton-Kilgore  method  as  a  provisional 
method.  Further  trials  of  this  method  were  made  and  the  results  reported  from 
year  to  year,  and  in  1898  the  method  was  made  an  optional  one. 

A  trial  was  made  in  1896  and  also  in  1897  of  Gladding' s  method  of  weighing  the 
yellow  precipitate,  but  the  results  reported  by  the  members  of  this  association  did 
not  show  it  to  have  any  advantages  over  others  already  in  use. 

In  anticipation  of  the  sale  in  this  country  of  large  quantities  of  basic  slags,  mem- 
bers of  this  association  have  from  time  to  time  presented  the  results  of  their  efforts 
in  seeking  a  method  for  determining  the  available  phosphoric  add  in  such  material 

Of  the  many  methods  and  solvents  used  in  these  trials,  Wagner's  method  seems  to 
be  the  only  one  that  will  give  uniformly  concordant  results. 

Interest  in  this  work,  however,  seems  to  have  declined  lately,  due  largely  to  the 
small  amount  of  this  material  which  has  found  a  sale  in  this  country. 

It  has  been  claimed  that  the  official  gravimetric  method  gave  too  high  resulte, 
due  to  excess  of  magnesia  carried  down  by  the  anmionium-magnesium  phosphate 
precipitate,  and  it  was  proposed  to  avoid  this  error  by  using  a  magnesia  mixture  con- 
taining citric  acid  in  place  of  ammonium  chlorid,  or  by  adding  ammonium  citrate  to 
the  phosphate  solution. 
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Trials  were  made  of  the  proposed  method  in  1895  and  in  1896.  While  the  results 
were,  as  a  rule,  slightly  lower  than  by  the  official  gravimetric  method,  the  proposed 
method  was  not  considered  to  have  any  advantage  over  the  official  gravimetric 
method,  especially  as  under  some  conditions  the  phosphate  did  not  seem  to  be  all 
precipitated. 

Methods  for  the  determination  of  iron  and  alumina  have  received  the  attention  of 
this  association,  and  results  obtained  by  nearly  all  the  latest  methods  have  been  pre- 
sented at  the  meetings  at  various  times,  but  up  to  the  present  none  of  the  methods 
has  been  considered  of  sufficient  merit  to  be  indorsed  as  official. 

It  has  been  impossible,  if  advisable,  in  this  review  to  mention  all  the  papers  and 
results  on  phosphoric  acid  presented  at  the  meetings  of  this  association,  but  it  has 
been  our  aim  to  refer,  however  slightly,  to  all  work  which  had  a  direct  bearing  upon 
a  change  or  proposed  change  in  the  official  methods  for  phosphoric  acid. 

Mr.  WHiEY.  I  would  suggest  that  we  have  our  meeting  to-morrow 
morning  after  the  general  meeting  of  the  association  is  finished,  which 
will  probably  be  about  half -past  10.  Therefore  I  move  that  we  meet 
in  this  room  to-morrow  morning  at  half-past  10,  and  that  the  next 
meeting  be  held  to-morrow  immediately  on  the  adjournment  of  the 
section  on  agriculture,  so  that  we  will  have  two  meetings  to-morrow. 
(Carried.) 

Mr.  KiixjORE.  I  have  a  short  paper  on  phosphoric  acid,  but  I  had  no 
idea  it  would  come  up  this  afternoon.  Moreover,  the  referee  did  not 
give  us  any  results  or  recommendations.  It  might  be  well  to  get  the 
opinions  of  men  who  report  results  as  to  how  satisfactory  the  results 
were.  At  least  one  thing  expected  was  the  result  of  the  comparison 
of  the  two  methods. 

Mr.  RuNYAN.  I  am  not  prepared  to  give  the  exact  figures  sent  in, 
but  I  received  a  report  from  Mr.  Kilgore's  station,  and  the  only  other 
figures  received  were  from  a  commercial  chemist,  giving  phosphoric 
acid  on  two  samples,  I  think;  so  that  I  thought  it  hardly  worth  while 
to  give  them,  and  have  not  those  figures  with  me. 

Mr.  KiLGORE.  I  can  give,  in  a  very  few  words,  the  substance  of  the 
paper.  Last  year,  in  my  report  as  referee  on  phosphoric  acid,  I  took 
up  the  method  of  precipitation  by  shaking  and  did  quite  a'good  deal 
of  work  in  that  way.  The  main  trouble,  it  seemed,  that  we  had  had 
with  the  volumetric  method  was  that  some  of  the  hitric  acid  would 
be  precipitated,  and  1  tried  various  methods,  as  others  had  done,  of 
preventing  this,  and  while  the  method  had  given  satisfactory  results, 
still  if  we  could  precipitate  in  the  cold  I  felt  there  would  be  no  trouble, 
and,  going  back  to  the  method  of  shaking  as  they  do,  we  tried  the 
shaking  machine  and  found  that  precipitation  was  complete  in  all  cases 
in  fifteen  minutes,  though  we  let  the  machine  run  half  an  hour.  As 
I  say,  we  did  quite  a  good  deal  of  work  last  year  in  this  line,  and  our 
results  were  all  good.  This  year  we  have  continued  that  again,  and 
quite  a  large  amount  of  work  has  been  done  in  my  laboratory  by  two 
or  three  men  with  shaking,  and  our  results  have  all  been  good.  la 
fact,  in  using  the  method  in  the  future  I  think  that  shall  be  my  pro- 
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cedure  entirely.  Now,  we  have  not  tried  the  shaking  at  a  very  low 
temperature,  as  some  of  you  have,  in  the  winter.  Moat  of  our  work 
has  been  done  in  the  spring  or  summer  in  a  laboratory  with  a  temper- 
ature of  20°  to  30°,  and  our  results  that  way  have  all  been  good. 
When  a  very  large  excess  of  molybdic  solution  is  used  you  may  get 
good  results.  We  find  we  can  not  add  a  very  large  excess  of  moh'bdic 
solution  without  raising  the  results.  The  paper  I  had  was  upon  this 
point.  The  paper  I  sent  in  was  by  both  methods.  We  had  also  a  large 
number  of  additional  results. 

Mr.  ScovELL.  In  the  investigation  of  the  volumetric  method  of 
analysis  of  phosphoric  acid  it  has  been  my  practice  to  add  the  phos- 
phoric acid  solution  to  the  molybdic  solution,  then  allow  the  mixture 
to  stand  at  the  temperature  of  the  room  from  fifteen  to  thirty  minutes 
before  filtering.  By  this  procedure  the  precipitate  comes  down  in 
granular  form,  allowing  a  rapid  filtration  and  obtaining  a  perfectly 
clear  filtrate.  Furthermore,  our  results  indicate  that  by  this  method 
we  may  be  able  to  obtain  a  precipitate  of  uniform  composition — a  con- 
dition which  must  obtain  in  order  to  have  trustworthy  results  by  the 
volumetric  method. 

In  the  meeting  in  Washington  in  1897 1  mentioned  the  possibility  of 
an  improvement  in  the  method  by  the  above  procedure. 

Mr.  Wiley.  Mr.  President,  it  is  rather  strange  that  the  mechanical 
method  of  shaking  has  not  generall}'  been  brought  into  chemical  work, 
because  the  principle  seems  to  be  so  patent.  You  have  in  solution  a 
substance  which  is  diffused  finely  throughout  the  whole  mass,  and  if 
crystallization  takes  place  without  motion  it  can  only  do  so,  first,  by 
the  solidification  of  the  particles  at  a  certain  point,  and  then  the  gradual 
growth  of  the  crystals.  The  theory  of  the  movement  is  that  the  par- 
ticles of  matter,  when  formed,  are  at  once  brought  into  contact  with 
the  rest  of  the  imcrystallized  solution,  so  that  they  have  a  mechanical 
opportunity  of  precipitation.  Now,  that  matter  in  technical  work  has 
been  understood  and  acted  upon — for  instance,  in  the  sugar  industry. 
You  know  that  in  the  sugar  industry  the  first  crystallizations  are  always 
secured  in  movement,  because  the  movement  of  the  boiling  in  the  pan 
brings  that  about,  and  we  get  there  magnificent  crystallization.  The 
old  way  in  boiling  molasses  was  to  set  the  pans  aside,  sometimes  for 
months,  and  to  secure  the  crystallization,  but  now  mechanical  move- 
ment has  been  introduced,  and  a  much  larger  crystallization  is  obtained. 
The  molasses  is  kept  in  constant  motion,  and  the  result  is  the  yield  is 
far  greater  in  a  f«ew  hours  or  a  day  or  two  than  before  in  weeks  and 
months.  The  shaking  secures  a  much  more  perfect  separation,  and 
I  doubt  not  that  a  great  many  of  our  chemical  operations  could  be 
greatly  accelerated  by  applying  this  natural  method.  We  ought  not 
to  allow  the  technicists  to  get  ahead  of  us  in  our  work. 

I  would  like  to  announce  that  our  next  meeting  will  take  place  as 
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soon  as  possible  after  the  discussion  of  the  "teaching  of  agriculture" 
in  the  general  session  of  the  American  Association  of  Agricultural 
Colleges  and  Experiment  Stations  is  finished,  when  we  should  at  once 
repair  to  this  hall  and  continue  our  work. 
Adjourned. 


SECOND  BAT'S  PBOCEEDINOS. 

The  chairman  (Mr.  Kedzie)  called  the  session  to  order,  and  stated 
that  the  first  business  would  be  the  report  of  the  referee  on  soils  and 
ash,  Mr.  Hartwell,  of  Rhode  Island. 

Mr.  Williams,  of  North  Carolina,  requested  that  the  discussion  on 
phosphoric  acid,  or  papers  upon  that  subject,  be  continued  at  this  time, 
and  the  chair  so  directed. 

Mr.  Williams.  I  wish  to  state  the  results  of  our  experiments.  It 
was  found  that  occasional!}^  a  fertilizer  was  encountered  which  was 
not  dissolved  by  the  usual  method — that  is,  30  cc  nitric  acid  and  10  cc 
hydrochloric  acid.  It  was  found  that  in  the  solution  it  was  not  all 
dissolved.  This  was  discovered  b\'  making  determinations  from  the 
same  solution  one  day,  and  a  day  or  so  after  making  the  determination 
again,  and  it  was  found  that  the  percentage  of  variance  was  consider- 
able. We  have  found  a  difference  as  high  as  5  per  cent  in  the  deter- 
mination of  phosphoric  acid.  In  two  samples  worked  on  we  worked 
for  a  number  of  hours.  That  is,  we  made  the  determination  as  soon  as 
we  could  cool  the  sample — thirty-five  minutes;  and  twenty -one  hours 
after  that  we  made  another  determination  and  got  something  like  5  per 
cent.  In  all  these  samples  it  was  found  that  we  had  a  large  percentage 
of  iron  or  aluminum.  In  two  of  the  samples  the  percentage  of  ferric 
oxid  was  found  as  high  as  19  and  24.  We  feel  that  this  is  very 
important,  not  only  from  the  analytical  standpoint,  but  from  the 
practical  standpoint.  We  see  that  in  North  Carolina  the  use  of  iron 
aluminum  phosphates  is  coming  into  practice,  and  we  see  that  we  have 
a  condition  there  that  we  must  investigate. 

The  Chairman.  Is  there  any  other  paper  to  be  read  or  discussion 
desired  on  phosphoric  acid? 

Mr.  KiLGORE.  I  would  like  to  ask  if  Mr.  Williams  tried  hydrochlo- 
ric acid  alone  for  the  solution.  It  appears  that  the  trouble  has  come 
from  making  the  solution  in  nitric  acid.  Apparently  he  has  iron  or 
aluminum  phosphate  to  deal  with,  and  I  would  like  to  ask  what  is  the 
diflSculty — whether  he  could  not  use  the  hydrochloric  acid  alone,  which 
is  one  of  our  methods,  recognized  as  the  principal  solvent  in  such  cases. 
Last  year,  I  know,  in  sending  out  slags  as  referee  on  phosphoric  acid, 
some  of  the  workers  misunderstood  the  method  indicated  to  be  used, 
and  tried  this  method  Mr.  Williams  has  employed,  of  using  nitric  and 
hydrochloric  acid,  and  they  had  the  same  difficulty  he  has  referred  to. 
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The  same  question  has  come  up  again  tiiis  year  in  regard  to  some  of 
the  other  samples  sent  out.  1  know  in  my  own  laboratory  they  got 
the  idea  that  nitric  and  hydrochloric  acid  were  to  be  used  as  the  solvent, 
and  they  could  not  get  concordant  results,  and  they  thought  that  on 
aluminum  goods,  by  their  w^ay,  no  trouble  was  had  in  getting  every- 
thing into  solution.     Perhaps  Mr.  Williams  will  answer  that  question. 

Mr.  Williams.  I  found  that  with  hydrochloric  acid  as  a  solvent 
complete  solution  was  made.  I  also  found  that  in  two  samples  sent 
out  this  year  the  reporter  said  ''use  Ag."  I  found  that  hydro- 
chloric acid  alone  effected  a  complete  solution,  but  that  if  you  made 
duplicate  weighings  and  added  to  each  of  those  30  cc  hydrochloric 
acid,  boiled  them  forty  minutes,  and  then  added  30  cc  nitric  acid  and 
continued  the  boiling,  the  difference  obtained  by  those  two  methods 
would  be  something  like  3  per  cent. 

Mr.  H.  K.  Miller.  I  think  there  is  a  weak  point  just  here  in  our 
methods.  It  is  quite  well  understood  that  different  fertilizing  mate- 
rials require  different  solvents.  As  methods  are  now  we  have  the 
option  of  applying  any  of  these  methods  of  solution  to  a  fertilizer.  I 
think  the  matter  should  be  thoroughly  investigated,  and  an  indication 
made  as  to  which  method  of  solution  should  be  applied  to  the  kind  of 
fertilizers  we  are  dealing  with.  Now  recently,  at  the  North  Carolina 
Experiment  Station,  as  Mr.  Williams  stated,  there  were  quite  a 
number  of  phosphates  that  came  in,  which,  when  treated  by  the  regu- 
lar method  that  was  in  common  use  there — that  is,  the  nitric  and 
hydrochloric  acid,  giving  excess  to  the  nitric — were  not  dissolved,  but 
in  the  other  case  practically  all  the  phosphoric  acid  was  obtained.  If 
we  are  to  have  these  fertilizers  of  different  sources  I  think  we  should 
endeavor  to  see  what  form  of  solvent  or  what  form  of  solution  we 
should  have.  .  I  notice  in  working  with  this  material  containing  iron 
and  aluminum  phosphates  that  in  employing  our  usual  method  there — 
nitric  acid  with  a  small  quantity  of  hydrochloric — when  incomplete 
solution  was  made,  there  was  a  blue  cast  to  the  solution  when  diluted, 
but  if  hydrochloric  was  used  alone,  or  with  only  a  small  quantity  of 
nitric  acid,  a  colorless  solution  was  obtained.  I  think  the  matter 
should  be  investigated,  and  different  kinds  of  fertilizers  should  have 
different  kinds  of  solvents. 

Mr.  Jenkins.  It  seems  to  me  that  in  matters  of  sampling  fertilizers 
and  getting  your  original  solution,  while  specific  directions^are  very 
helpful  to  all  of  us,  they  can  not  take  the  place  of  individual  judgment. 
Whatever  the  method — however  thoroughly  it  has  been  worked  out — 
this  method  of  solution,  when  you  strike  a  new  kind  of  phosphatic 
matter — those  methods  ought  not  by  anyone  to  be  depended  on  as  final 
and  as  giving  a  correct  result.  It  seems  to  me  when  a  man  makes  a 
solution  of  a  fertilizer  he  is  familiar  with,  he  is  bound  to  satisfy  him- 
self that  it  is  dissolved,  and  he  can  not  be  certain  about  it  until  he  has 


Digitized  by 


Google 


73 

demonstrated  to  Uis  own  satisfaction  that  the  method  he  uses  will  give 
the  solution.  Nothing  can  take  the  place  of  individual  judgment  and 
great  care  in  using  the  method.  1  would  never  undertake  to  examine 
a  class  of  phosphatic  materials  with  which  I  was  not  absolutely  famil- 
iar in  everyday  work,  without  testing  my  residues  before  going 
further,  to  see  whether  the  method  I  was  using  was  absolutely  certain 
to  give  me  a  perfect  solution.  Now,  if  hydrochloric  acid  acting  on 
phosphate  needs  more  time  let  it  have  it;  but  you  have  got  to  use 
individual  judgment. 

Mr.  KiLGORE.  In  the  line  of  what  Dr.  Jenkins  says,  and  in  reply  to 
the  gentleman  inquiring  about  the  methods,  I  would  sa}'^  that  this  sub- 
ject has  been  very  thoroughly  investigated  by  this  association.  A 
nimiber  of  years  ago  the  question  of  solvents  for  different  fertilizing 
materials  came  up.  Some  of  us  will  remember  away  back  about  six 
years  ago  when  aluminmn  phosphate  in  a  pure  or  apparently  pure 
form,  containing  40  or  45  per  cent,  was  sent  out,  and  it  was  difficult 
to  get  a  solution  of  this  material.  Now,  when  we  used  nitric  and 
hydrochloric  we  could  not  get  it.  The  aluminum  phosphate  referred 
to  by  Mr.  Williams,  of  the  North  Carolina  Station — ^you  can  always 
tell  when  the  material  is  present  in  a  fertilizer  in  any  quantity  by  the 
color  of  the  solution.  It  does  not  go  into  solution  readily,  and  the 
residue  when  shaken  up  gives  you  that  rather  pink  cast.  You  can 
always  tell  when  it  is  present  by  that  means. 

Mr.  Wiley.  There  is  a  gentleman  here,  Mr.  J.  A.  Pitcher,  repre- 
senting the  State  Board  of  Trade,  who  would  like  to  extend  an  invita- 
tion to  this  association. 

Mr.  Pitcher.  Representing  the  State  Board  of  Trade,  which  main- 
tains in  San  Francisco  a  permanent  exhibit  of  the  products  of  Califor- 
nia, I  take  the  liberty,  on  behalf  of  the  board,  to  extend  you  a  cordial 
invitation  to  view  the  exhibit.  If  you  could  come  in  a  body  some 
afternoon  and  spend  an  hour  with  us,  I  believe  you  would  agree  with 
us  that  we  have  one  of  the  attractions  of  the  city.  You  would  be 
interested  in  seeing  our  samples  of  what  California  produces,  and  in 
our  mining  bureau  you  can  find  samples  of  all  the  minerals  in  the 
United  States.     You  will  be  very  welcome,  indeed,  at  any  time. 

On  motion,  the  invitation  was  accepted  with  thanks. 

Mr.  Wiley.  Again  I  would  like  to  interrupt  the  regular  order,  for 
this  reason,  that  we  have  had  no  committee  on  hour  of  meeting,  because 
our  meetings  are  a  little  irregular;  but  I  want  to  make  the  statement  that 
for  to-morrow  afternoon  the  association  has  accepted  an  invitatitm  to 
attend  a  reception  at  the  hotel,  and  I  have  no  doubt  that  our  members 
who  are  also  members  of  the  other  association  would  like  to  attend.  I 
therefore  propose  that  we  set  10  o'clock  to-morrow  morning  for  the 
meeting,  and  I  make  the  motion  that  when  we  adjourn  it  be  to  meet  at 
that  time  in  this  room. 

The  motion  was  agreed  to. 
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Mr.  Hartwell  read  the  following  pai)er: 

EEPOET  ON  SOILS  AND  ASH. 
By  Burt  L.  Hartwell,  Referee. 

Contrary  to  the  expressed  idea  of  this,  association  that  a  referee  should  hold  his 
position  for  at  least  two  years,  my  predecessor,  through  some  misunderstanding,  was 
relieved  of  his  responsibilities  in  this  connection  at  the  end  of  a  single  year.  As 
associate  referee,  the  writer  was  appointed  to  attend  to  the  duties  of  referee  at  least  a 
year  earlier  than  was  expected  or  desirable. 

It  being  already  too  late  to  obtain  soil  from  our  colder  climates,  it  was  deemed 
advisable,  under  the  circumstances,  to  secure  additonal  data  concerning  some  of  the 
soils  having  the  most  definite  histor}%'  which  had  been  worked  upon,  and  to  intro- 
duce fertile  soil  from  California  for  the  sake  of  comparison  wuth  results  already 
secured  from  more  eastern  sections. 

My  associate  wajg  unfortunately  separated  from  me  by  the  width  of  a  continent, 
and  it  was  January  before  we  could  by  correspondence  decide  upon  the  work  to  be 
undertaken.  The  following  circular  letter  was  then  sent  to  the  experiment  station 
chemists: 

Kingston,  R.  I.,  January  es,  1899. 

Dear  Sir:  The  Association  of  Official  Agricultural  Chemists  recommended  that 
the  work  on  soil  for  1899  include  (1)  a  trial  of  the  so-called  international  method  for 
determining  assimilable  potash,  i.  e.  using  dilute  nitric  acid  a^  a  solvent  (fifth-normal 
acid  will  be  recommended) ;  (2)  a  further  trial  of  Hollemann's  method  for  the  deter- 
mination of  the  active  lime  compounds,  i.  e.,  using  water  saturated  with  carbonic 
acid;  (3)  further  tests  with  alkaline  ammonium  chlorid  as  a  solvent  for  potash;  a 
continued  use  of  calcium  chlorid  in  this  connection  was  considered  inadvisable.  It 
seems  desirable,  in  addition  to  the  alK)ve,  to  determine  the  amount  of  phosphoric 
acid  in  the  extract  obtained  by  using  the  dilute  nitric  acid  mentioned  above;  to  te^t 
dilute  acetic  acid  as  a  solvent  for  active  lime  compounds,  as  well  as  the  carbonated 
water;  to  try  the  efficiency  of  fifth-normal  nitric  acid  in  determining  assimilable 
phosphoric  acid,  alongside  of  fifth-normal  hydrochloric  acid  which  hai5  been  adopted 
provisionally,  inasmuch  as  the  nitric  acid  is  to  be  tested  as  a  solvent  for  potash;  to 
further  investigate  the  solvent  action  of  citric  acid  upon  potash  and  phospnoric  acid 
before  discarding  entirely  this  solvent  which  has  given  satisfactory  results  in  the 
hands  of  so  many;  and  to  determine  total  humus  by  the  official  method. 

In  view  of  thedifficulties  which  have  been  encountered  in  determining  silica  and 
potash  in  ashes,  a  mixture  containing  a  known  amount  of  these  ingredients  in  the 
form  of  silicate  of  potash,  and  such  otner  elements  as  are  ordinarily  present  in  ashes, 
will  be  distributed  to  chemists  participating  in  the  work.  By  this  means  correct 
indications  should  be  secured  as  to  the  efficiency  of  the  method  in  finding  the  actual 
amounts  of  potash  and  silica  present  where  there'is  a  large  amount  of  other  ingredients. 

In  order  to  prosecute  the  various  lines  of  work  upon  soils,  samples  of  known  and 
different  characteristics  should  be  secured.  Certain  soils  are  now  in  readiness  for  the 
work,  but  as  it  is  desirable  to  obtain  the  Ijest  available  ones,  your  assistance  is  solicited 
in  obtaining  soils  answering  the  following  requirements,  viz:  (1)  Deficient  in  assimila- 
ble potash;  (2)  deficient  in  assimilable  phosphoric  acid;  (3)  deficient  in  assimilable 
nitrogen;  (4)  deficient  in  "active"  carbonate  of  lime;  (5)  containing  an  abundance 
of  one  or  more  of  the  above  ingredients. 

Unfertilized  soils  are  the  most  desirable,  but  in  case  of  a  soil  most  lacking  in  one 
ingredient  it  w^ould  not  be  debarred  from  use  even  though  the  other  essential  ingredi- 
ents had  been  added. 

The  degree  of  exhaustion  of  the  soils  must  have  been  established  by  soil  tests,  other- 
wise the  value  of  a  given  solvent  can  not  be  ascertained. 

The  soil  should  contain  no  exceptional  ingredients  interfering  with  its  productive- 
ness nor  be  in  need  of  special  treatment  to  insure  good  crops,  other  than  an  applica- 
tion of  the  particular  elements  in  which  it  is  claimed  to  be  deficient. 

If  such  soils  are  not  available  at  present,  please  report  them  so  that  they  may  be  in 
readiness  for  future  work. 

It  can  hardly  be  expected  that  anv  chemist  will  be  able  to  undertake  all  the  work 
outlined,  but  that  certain  phases  of  it  will  appeal  with  special  interest  to  different 
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ones.  The  moet  valuable  results  are  often  secured  by  chemists  working  with  the 
soils  distributed  upon  problems  not  outlined  by  the  referee,  and  it  is  hoped  that 
papers  embodying  such  results  may  be  presented  at  the  next  meeting. 

Your  cooperation  is  earnestly  desired.  Please  state  definitely  at  your  earliest  con- 
venience what  portion  of  the  work  you  will  try  to  undertake  that  suitable  samples 
and  directions  may  be  sent  you.  Suggestions  from  you  will  be  highly  appreciated 
concerning  the  problems  in  hand. 

Very  respectfully,  Burt  L.  Hartwell,  Referee, 

M.  E.  Jaffa,  Associate, 

DIRECTIONS    FOR    WORK    ON    ASSOCIATION   OF    OFFICIAL  AGRICUL- 
TURAL CHEMISTS'  SOIL  SAMPLES  FOR  1899. 

(1)  Determinafion  of  Moisture. 

Use  the  official  method  described  in  Bulletin  46,  page  38,  Division  of  Chemistry, 
U.  S.  Department  of  Agriculture. 

(2)  Determination  of  Phosphoric  Acid  Soluble  in  fifth  normal  Hydrochloric 

Acid. 

(a)  Preliminary  treatment. — Digest  20  grams  of  soil  with  200  cc  of  fifth-normal  HCl 
in  a  water  bath  at  40°  for  five  nours,  shaking  every  half  hour.  Titrate  20  cc  of 
the  clear  filtrate  against  a  standard  potassium  hydroxid  solution,  using  phenol phtha- 
lein  for  the  indicator.  From  the  data  thus  secured  calculate  the  amount  of  HCl 
necessary  to  be  added,  so  that  the  solution  will  be  fifth-normal  after  allowing  for  the 
acid  neutralized. 

(6)  Tlie  determination. — 2,000  to  3,000  cc  of  acid,  corrected  for  neutralization,  as 
directed  under  (a) ,  are  heated  in  a  stoppered  receptacle  to  40°.  Ten  grams  of  soil 
for  every  100  cc  of  acid  are  now  added  and  the  aigestion  continued  at  this  tem- 
perature for  five  hours,  shaking  thoroughly  every  half  hour.  The  contents  are  then 
shaken  and  filtered  through  ^  dry,  ribbed  filter  of  two  thicknesses  of  paper  and  of 
sufficient  size  to  receive  the  entire  contents,  refiltering  the  first  portion  of  the  filtrate 
if  cloudy.  A  definite  volume,  comprising  nearly  all  the  filtrate,  is  taken  at  the  tem- 
perature at  which  the  original  acid  was  measured,  and  evaporated  to  dryness  after 
adding  1  to  3  cc  of  nitric  acid.  If  there  is  an  appreciable  amount  of  organic  matter 
present  ignite  the  residue  carefully,  digest  with  liCl  and  water,  filter,  neutralize  with 
ammonia,  and  5  cc  strong  nitric  acid  and  15  grams  of  ammonium  nitrate.  Complete 
the  determination  according  to  one  of  the  official  methods. 

(3)  Determination  op  Phosphoric  Acid  and  Potash  Soluble   in  Fifth-Normal 

Nitric  Acid. 

Proceed  with  the  preliminary  treatment  similarly  as  under  2  (a) ,  and  with  the 
digestion  and  filtration  as  under  2  (/>) .  Take  two  definite  jwrtions  of  the  filtrate. 
Use  one  portion  for  determining  phosphoric  acid  similarly  as  in  section  2.  Evap- 
orate the  other  portion  to  a  small  volume  in  a  porcelain  dish,  transfer  to  a  platinum 
dish,  add  a  little  sulphuric  acid  and  determine  the  potash  by  the  Lindo-Gladding 
method. 

In  the  case  of  the  deficient  soils,  Nos.  1  and  2,  nearly  all  the  filtrate  should  be  used 
for  the  single  determination. 

(4)  Determination  of  Lime  Soluble  in  Decinormal  Acetic  Acid. 

Proceed  with  the  preliminary  treatment  similarly  as  under  2  (a) ,  and  with  the 
digestion  and  filtration  as  under  2  {b) ,  using  from  100  to  200  grams  of  soil,  according 
to  the  apparent  amount  of  calcium  carbonate  present.  Evaporate  a  definite  volume 
comprising  nearly  all  the  filtrate,  after  adding  a  little  HCl  to  a  small  volume  in  a  por- 
celain dish,  transfer  to  a  platinum  dish,  ignite,  dissolve  in  HCl  and  water,  filter,  con- 
tinue with  the  determination  of  calcium  and  the  necessary  previous  separations 
according  to  the  ash  and  soil  methods.  Bulletin  46,  pages  40  and  44,  Division  of 
Chemistry,  U.  S.  Department  of  Agriculture.  (In  the  case  of  soil  No.  3  the  pre- 
liminary treatment  will  not  be  necessary;  a  little  manganese  will  probably  be  dis- 
solved Doth  by  this  solvent  and  the  carbonated  water.) 

(5)  Determination  of  Lime  Soluble  in  Carbonated  Water. 

Tc  from  100  to  200  grams  of  soil,  according  to  the  apparent  amount  of  calcium  car- 
bonate present,  add  for  every  gram  of  soil  taken,  10  cc  of  water  saturated  with  pure 
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carbon  dioxid.  The  receptacle  in  which  the  digestion  is  carried  out  should  be  pro- 
vided with  a  rubber  stopper  containing  two  holes  sufficiently  laree  to  admit  easily 
two  glass  tubes,  each  of  which  shall  be  closed  at  the  lower  end  and  nave  a  perforation 
blown  in  it  about  1  inch  from  that  end. 

After  supplying  the  acid  and  soil^  adjust  the  tubes  as  illustrated,  open  the  pinch 
cock  C,  replace  the  air  above  the  liouid  b}^  allowing  a  current  of  carbon  dioxid  to  pass 
through  until  the  escaping  gas  can  be  entirely  absorbed  by  caustic  alkali.  Raise  the 
tubes  until  the  perforations  are  closed  by  the  stopper,  shake  vigorously  for  half  a 
minute,  push  in  the  tubes  again,  and  equalize  the  pressure  by  allowing  carbon  dioxid 
to  pass  in  through  A  or  out  through  B  acccording  to  circun^tances,  taking  care  that 


Fio.  1.  Apparatus  for  determination  of  lime  soluble  In  carbonated  water. 

no  air  is  admitted,  as  this  would  decrease  the  amount  of  carbon  dioxid  in  the  solvent 
Repeat  the  shaking  and  venting,  as  above,  nine  times  at  about  equal  intervals  during 
the  working  day.  At  the  end  of  three  days  filter  as  usual.  Take  a  definite  volume, 
including  nearly  all  the  filtrate,  add  hydrocholric  acid,  evaporate  to  dryness,  ignite  ii 
necessary,  dissolve  in  hydrochloric  acid  and  water,  filter,  and  determine  calcium  as  in 
section  5.  Verify  the  saturation  of  the  carbon  dioxid  water  before  using  by  adding 
to  a  definite  volume  an  excess  of  baryta  or  lime  water  of  known  strength  and  determ- 
ining that  excess  by  titrating  a  portion  of  the  clear  solution  against  standard  acid. 
(See  Sutton's  Volumetric  Analysis  7th  ed.,  p.  96.) 

(6)   Determination  op  Humus. 

Pass  a  portion  of  the  soil  through  a  5-mm.  sieve,  pulverizing  if  necessary,  and  deter- 
mine the  hunms  by  the  official  method,  Bulletin  46,  pace  42.  In  the  case  of  diflSculty 
in  filtering  the  animoniacal  solution,  a  large  Buchner  filter,  under  pressure,  has  been 
successfully  employed. 

(7)   Determination  of  Potash  Soluble  in  Ammonium  Chlorid. 

Make  up  a  twentieth-normal  solution  of  ammonium  hydrate  by  titrating  again^ 
standard  acid,  using  cochineal  as  an  indicator,  and  dissolve  17.2  grams  of  c  p.  cry:*- 
talline  ammonium  chlorid  in  each  liter  of  the  same.  Digest  the  soil  with  this  solvent 
and  filter  as  under  2  (6).  Evaporate  a  definite  portion  of  the  fitrate  to  a  small  vol- 
ume in  a  porcelain  dish,  transfer  to  a  platinum  dish,  and  determine  the  potash  by  the 
Lindo-Gladdmg  method. 

(8)   Determination  of  Phosphoric  Acid  and  Potash  Soluble  in  Citric  Acid. 

Chemists  wishing  to  test  the  solvent  action  of  citric  acid  should  use  fifth-normal 
acid,  following  the  same  general  directions  for  preliminary  treatment,  digestion,  and 
filtration  as  given  under  section  2.  The  citric  acid  solution  should  l)e  used  soon  after 
making,  as  it  is  liable  to  ferment.  The  method  outlined  in  Bulletin  49,  pages  SI 
and  82,  of  the  Division  of  Chemistry,  may  be  followed  for  the  subsequent  treatment. 
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Blank  tests  must  be  made  in  the  potash  detefrmination  at  least,  usine  the  same 
amounts  of  solvent  and  reagents  as  employed  when  the  soil  is  taken,  and  Vie  average 
results  rep6ned.  Report  results  as  soon  as  the  work  is  completed;  it  should  not  be 
later  than  June  15,  as  the  association  may  meet  early  in  July.  Calculate  the  percent- 
ages on  a  water-free  basis  to  the  fourth  decimal  place.  The  individual  determina- 
tions rather  than  the  averages  should  be  furnished,  after  deducting  the  appropriate 
blanks. 

Description  op  Soii^  and  Determinations  to  be  Made. 

No.  1,  From  Junction  City,  Ky, — This  is  the  same  soil  as  distributed  by  the  referee 
for  last  year  as  No.  1.  It  is  deficient  in  available  phosphoric  acid.  The  determina- 
tion of  phosphoric  acid  soluble  in  fifth -normal  nitric  acid  is  desired  for  comparing 
with  the  results  secured  last  year  with  fifth-normal  hydrochloric  acid.  Three  results 
were  reported  last  year  on  the  amount  of  phosphoric  acid  dissolved  from  this  soil  by 
1  per  cent  citric  acid  at  room  temperature. 

No,  S,  From  the  Kentucky  Agricultural  Experiment  Station. — This  is  the  same  as  dis- 
tributed b^  the  referee  for  last  year  as  No.  2.  It  is  deficient  in  available  potash. 
The  determination  of  potash  soluble  in  fifth-normal  nitric  acid  is  desired.  A  few  widely 
varying  determinations  of  the  amount  of  potash  dissolved  by  ammonium  chlorid 
were  reported  last  year.  Additional  determinations,  using  lar^r  amounts  of  soil 
and  the  stronger  ammonium  chlorid  recommended  this  year  at  the  suggestion  of  Mr. 
Huston,  who  first  used  it,  are  solicited  from  chemists  wishing  to  work  with  this 
solvent. 

No.  S.  From  the  Rhode  Island  Experiment  Station.— This  soil  is  deficient  in  available 
lime,  and  gives  an  acid  reaction  to  litmus  paper.  Determinations  of  humus  and  of 
lime  soluble  in  acetic  acid  and  carbonated  water  are  desired. 

No.  4'  From  Ventura,  Cal. — A  good  representative  of  the  arid  upland  or  bench 
soils. 

No.  6.  From  Arlington  Heights,  Southern  California. — A  soil  similar  in  texture  to  the 
eastern  loams.  Nos.  4  and  5  are  abundantly  supplied  with  plant  food,  and  it  should 
be  noted  in  this  connection  that  they  contain  Irom  1  to  1.5  per  cent  of  lime.  The 
determinations  outlined  in  sections  3, 4,  and  5  are  particularly  needed  for  comparison 
with  the  soils  deficient  in  plant  food.  Determine  humus  in  No.  4.  The  dissolving 
action  of  fifth-normal  hydrochloric  acid,  which  was  adopted  provisionally  as  a  sol- 
vent for  available  phosphoric  acid,  could  be  well  studied  upon  these  soils.  The  soils 
are  also  adapted  for  further  work  with  citric  acid  and  ammonium  chlorid  upon  fer- 
tile soils  by  chemists  wishing  to  furnish  results  with  these  solvents  for  comparison 
with  what  nave  already  been  obtained  by  their  use  upon  other  samples. 

Nos.  1  and  3  are  to  be  forwarded  by  A.  M.  Peter,  Lexington,  Ky. ;  Nos.  4  and  5  by 
M.  E.  Jaffa,  Berkeley,  Cal.,  and  No.  3  by  Burt  L.  Hartwell,  Kingston,  R.  I. 

Burt  L.  Hartwell,  Referee. 
M.  E.  Jaffa,  Associate. 

Kingston,  R.  I.,  March  20,  1890. 

There  was  so  little  demand  for  the  ash  sample  that  it  was  decided  to  confine  the 
work  to  the  soil  samples.  Thirteen  chemists  expressed  a  willingness  to  undertake, 
to  a  greater  or  less  extent,  the  soil  analysis,  and  in  March  the  directions  for  this 
work  were  furnished.  The  chemists  were  urged  to  report  their  results  by  June  15, 
in  view  of  the  possible  early  meeting  of  the  association  in  July.  Considerable  diffi- 
culty was  encountered  in  securing  the  distribution  of  certain  of  the  soils,  and  only  a 
portion  of  the  samples  were  placed  in  the  hands  of  the  chemists  at  the  time  they 
received  the  directions. 

So  few  results  had  been  received  at  the  time  of  writing  this  report  that  it  was  con- 
sidered wise  to  request  the  cooperating  chemists  to  finish  the  work  as  soon  as  time 
permits,  with  an  idea  of  embodying  it  in  the  report  of  the  referee  for  the  coming 
year,  and  to  defer  until  then  the  publication  of  the  directions  which  were  distributed. 

In  accordance  with  the  suggestion  of  our  secretary  and  my  own  inclinations,  an 
attempt  has  been  made  to  take  a  comprehensive  glance  at  the  work  of  the  past  few 
years,  especially  as  the  results  in  connection  with  the  present  year's  work  will  not 
be  considered  at  this  time. 

In  1805  A.  M.  Peter,  the  referee  for  that  year,  inaugurated  a  line  of  work  upon 
aoils  new  to  the  association.    It  consisted  of  a  trial  of  dilute  solutions  of  salts,  acids, 
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or  their  combination,  aa  to  their  ability  to  indicate  the  relative  amounts  of  the  more 
active  forms  of  plant  food  within  the  soil  in  a  more  satisfactory  manner  than  the 
stronger  solvents  previously  employed.  Since  that  time  various  solvents  have  been 
recommended  for  trial  by  the  succeeding  referees.  In  order  to  discuss  intelligently 
the  action  of  a  given  solvent  upon  different  soils  it  becomes  necessary  to  have  at 
hand  all  the  available  data  possible  concerning  not  only  their  chemical  composition 
but  their  geological  formation,  physical  characteristics,  crop-producing  power,  and 
history.  Some  of  the  referees  have  included  in  their  reports  apparently  all  the  facts 
which  were  obtainable  at  the  time  bearing  upon  the  results.  Others,  however,  have 
mduded  only  very  meager  descriptions  of  the  soils  used.  It  is  very  important,  in 
view  of  the  short  tenure  of  office,  that  each  referee  include  in  his  report  all  informa- 
tion which  may  in  the  future  be  of  service  when  the  work  of  a  series  of  years  is 
viewed  in  its  entirety,  and  which  will  enable  succeeding  referees  to  trace  the  con- 
nection between  one  year's  work  and  another. 

The  writer  has  attempted  to  compile  in  a  concise  form  the  average  results  which 
have  been  secured  on  some  of  the  soils  with  more  or  less  complete  records,  and  upon 
which  considerable  work  has  been  done,  especially  where  it  has  been  possible  to  sup- 
plement by  new  data  those  heretofore  published  in  the  proceedings.  These  abstracts, 
as  far  as  the  chemical  work  is  concerned,  should  be  compared  with  the  more  com- 
plete reports  containing  individual  determinations,  if  one  wishes  to  study  closely  the 
records,  but  it  is  hoped  they  will  bring  the  detached  results  into  such  form  that  they 
will  present  a  more  organized  appearance,  and  prove  of  assistance  to  anyone  taking 
up  this  line  of  investigation. 

Unless  otherwise  stated,  the  percentages  represent  the  average  results  secured  by  a 
number  of  chemists,  cooperating  imder  the  direction  of  the  referee. 

SOIL  FROM   THE   EXPERIMENT  OTATIOX   FARM   AT   LEXINGTON,    KY. 

Derived  from  Lower  Silurian  limestone,  rich  in  phosphoric  acid.  Top  soil  a  brown 
clayey  loam;  subsoil  a  yellow  clay,  so  retentive  as  to  cause  the  land  to  be  deficient 
in  natural  drainage;  surface  soil  8  to  12  inches  deep,  but  the  samples  were  taken  6 
inches  deep.  Cultivated  for  many  years  previous  to  1888,  probably  without  addition 
of  stable  manure  or  other  fertilizer. 

In  1888  an  exjieriment  was  begun  with  maize,  which  should  indicate  the  relative 
amounts  of  available  nitrogen,  phosphoric  acid,  and  potash  within  the  soil.  Acid 
phos^phate,  muriate  of  potash,  and  nitrate  of  soda  in  amounts*  furnishing  about  57 
pounds  of  available  phosphoric  acid,  80  pounds  of  potash,  and  26  pounds  of  nitrogen, 
respectively,  were  used  per  acre  each  year. 


Yields 

of  ear  com  per  acre, 
(Acre  plots.) 

in  bushels. 

No.  of 
plot. 

Fertilizers  supplied. 

1888. 

1889. 

1890.        1891. 

1892. 

18W. 

1895. 

1896 

11897. 

2 

None 

27 
63 
70 
29 
60 
32 

31 
84 
81 
35 
87 
34 
79 
83 
41 

40  i          44 
72  \          56 
65            51 

88 
61 
51 
29 
62 
27 
52 
25 
27 

13 
35 
30 
16 
35 
15 
30 
13 
18 

29 
57 
46 
86 
55 
33 
45 
90 
36 

20 
58 
42 
24 
42 
20 
42 
21 
28 

10 

3 

4 

N,P,05,K20 

P.>06,  KoO 

40 
32 

5 
6 

N.P2O5 

KnO.N 

33 
76 
34 
67 
36 
35 

43 
60 
39 
54 
38 
40 

None 

14 

8 

KnO 

S3 

9 

P.,05 

14 

10 

N 

17 

1  The  lost  year  of  the  experiment.    The  records  for  1893  were  destroyed  by  fire. 
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Mechanical  analym  of  the  soil  frmn  plot*  6  and  6, 

[1896  ProoeedingB.] 

Made  under  the  direction  of  .Milton  Whitney,  who  remarks:  "  It  has  the  same  tex- 
ture Ba  our  com  and  wheat  lands,  being,  in  fact,  rather  light  for  profitable  wheat 
production." 


Per  cent. 

Moisture  in  air-dried  sample 2. 24 

Organic  matter 6. 60 

Gravel,2-lmm 1.96 

Coarse  sand,  1-0. 5  mm 3. 40 

Medium  sand,  0.5-0.25  mm 2. 69 


Per  cent. 

Fine  sand,  0.25-0.1  mm 1.26 

Very  fine  sand,  0. 1-0.05  mm 5. 28 

Silt,  0.05-0.01  mm 45.63 

Fine  silt,  0.01-0.005  mm 13. 54 

Clay,  0.005-0.0001mm 17.67 


Chemical  analysis  of  air-dried  fine  soil  from  an  unfertilized  phi, 
[1894  Proceedings,  A.  O.  A.  C— Provisional  method.] 


Per  cent. 

Insoluble  matter 80.520 

K,0 422 

CaO 379 

MgO 381 

Fe,0, 3.251 


Per  cent 

PA 418 

N 190 

Moisture 1.941 

Ash  from  humus 2. 170 

P2O5  in  humus  ash 170 


AljOj 6.191  , 

4.33  per  cent  of  the  original  soil  failed  to  pass  the  0.5  mm.  sieve.  This  iron  gravel 
or  "shot  iron  ore"  contained  2.117  per  cent  PjO|»  ^^^  i^  ^^  ^^  been  included  with 
the  fine  soil  would  have  materially  increased  th^  Fe,0,  and  PjOs-  The  latter,  in  a 
soil  passing  1  mm.  sieve,  would  have  been  increased  to  0.502  per  cent 

By  digesting  10  grams  of  the  fine  soil  in  100  cc  normal  oxalic  acid  six  hours  at 
100®,  J.  H.  Kastle  and  others  removed  as  much  PjOs  and  about  half  as  much  K,0 
as  by  the  provisional  method. 

K^O  and  P^O^  dissolved  in  digestion  of  fine  soil  {cal/rulated  to  water-free  basis) . 
[Soils  from  experiment-station  farm,  Lexington,  Ky.] 


Plot. 


Solvent. 


Frequent  shaking  by  hand. 

N/ 5  hydrochloric  add 

N/5  calcium  chlorid 

N/5  citric  acid 

Ammonium  citrate  (fert.  sol.,  1  in  10) 

N/5  oxalic  acid 

Ammonium  oxalate  (16  grams  per  liter) 

N/5  calcium  chlorid 

Ammonium  chlorid  (10.68  grams  per  liter) 

ofN/20NH4HO. 

5»  Citric  acid  (10  grams  per  liter) 

....do 

Ammonium  oxalate  40  grams,  acetic  acid  2.15 

grams,  per  liter. 
....do 


Cuhic 
centime- 
ters sol- 
vent to 
Igram 
soil. 


100 
100 
100 
100 
100 
100 
100 
100 


Time  of 
diges- 
tion. 


5  hours . 
5  hours . 
5  hours . 
5  hours . 
5  hours . 
5  hours . 
5  hours . 
5  hours . 

5  hours . 
5  hours . 

5  hours . 

6  hours . 


Temper- 
ature of 
diges- 
tion. 

Per  cent 
of 

Per  cent 
of 

40°  C. 

0.012 

40°  C. 

.005 

40°  C. 
40°  C. 

.007 
.007 

40°  C. 

.009 

40°  C 

.012 

40°  C. 

.006 

40°  C. 

.0104 

Room... 
Room... 
Room... 

Room... 

0.0268 
.0236 
.0733 

.0661 

.0039 
.0050 
.0060 

.0113 

1  Proceedings  A.  O.  A.  C,  1806.  «  Proceedings  A.  O.  A.  C,  18 

»  Proceedings  A.  O.  A.  C. ,  1895;  samp,  taken  Nov. 


98:  samp,  taken  Mar.,  1896. 

,1894. 
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Kfi  and  P^O^  dissolved  in  digestion  of  fine  soil  {ccUculaied  to  vxiier-free  basis)  — Continued. 
[Soils  from  experiment-station  farm,  Lexington,  Ky.] 


Plot 

Solvent. 

Cubic 
centime- 
ters sol- 
vent to 
Igram 

K>11. 

Time  of 
diges- 
tion. 

Temper- 
ature of 
diges- 
tion. 

Percent 
of 

Percent 

of 

K-0. 

6 

Frequent  shaHng  by  haruL 
Oxalic  acid  (6.3  grams  per  liter) 

60 
50 
50 
60 
60 
50 
50 

50 
50 
50 
50 
60 

5  hours . 
5  hours. 
5  hours. 
5  hours. 
2  hours. 
2  hours . 
2  hours. 

2  hours. 
2  hours. 
2  hours. 
7  days.. 

7  davs  . 
Toays.. 

Room... 
Room... 
Room. . . 
Room... 

.0662 
.0575 
.1100 
10.40 

.0060 

6 

do 

.0074 

5 

Oxalic  acid  (1  per  cent  sol.)  .,..! 

6 

do 

5 
6 

Oxalic  add  (equivalent  to  1  per  cent  citric) . 
do 

Room...!       .1135 
Room...!       .loffi 

.OMO 
.0067 

5 

Acid  potassium  oxalate  (equivalent  to  1  per 

cent  citric). 
do 

Room... 

Room... 

Room... 
Room... 

■RnoTn,.  _ 

.1067 

.0976 
.0014 
.0017 
.0660 
.0511 

6 

5 
6 

Acetic  acid  (equivalent  to  1  per  cent  citric) .. 
do 

.001$ 
.006 

6 

Citric  acid  (10  grams  per  liter) 

!       .0038 

6 

do 

.0099 

5 

Total  by  hydrofluoric  acid 

1.106 

6 

do 

1 

1.147 

51 
61 

Constant  shaking  by  machine. 

Ammonium  oxalate  40  grams,  acetic  acid 

2.15  grams,  per  liter, 
do 

60 

50 
60 

50 
50 

50 
60 
60 
50 

60 
50 
60 
60 

60 
50 

50 
60 

50 

5  hours. 

6  hours. 
5  hours. 

5  hours. 
5  hours. 

5  hours. 
5  hours. 
5  hours. 
5  hours. 

5  hours. 

6  hours. 
5  hours. 
5  hours. 

5  hours. 
5  hours. 

5  hours. 
5  hours. 

5  hours. 

Room... 

Room... 
Room... 

Room... 
Room... 

Room... 
Room... 
Room... 
Room... 

Room... 

Room... 

Room... 

6SPC. 

650C. 
65®  C. 

660  C. 

660C. 

660C. 

.0776 

.0625 
.0165 

.0188 
.0 

.0 
.0 
.0 
.0 

.0 

.0362 
.08S7 
.0565 

.0492 
.0195 

.0222 
.0 

.0 

.018 
1       .018» 

5 
6 

Ammonium  oxalate  40  grams,  ammonia 
equivalent  to  2.15  grams  acetic  acid,  per 
liter. 
do 

.0144 

5 
6 

Ammonium  chlorid  17.2  grams,  ammonia 
equivalent  to  2.15  grams  acetic  acid,  per 
liter. 

do 

.0134 
.0176 

6 
6 

Ammonium  chlorid  17.2  grams  per  liter 

do 

.0-218 
.0238 

5 
6 

0.96  specific  gravity  1  liter. 
do 

.01S7 
.OliS 

5 

.0148 

6 

do 

.0140 

5 
6 

Ammonium  oxalate,  40  grams,  acetic  acid, 

2.15  grams  per  liter. 
do 

.oaw 

.0185 

5 
6 

alent  to  2. 15  grams  acetic  acid  per  liter. 
do 

.0135 
.0175 

6 
6 

Ammonium  chlorid,  17.2  grams,  ammonia, 

equi valen  t  to  2. 15  grains  acetic  acid,per  liter. 

do 

.0165 
.0196 

6 

Total  by  J.  L.  Smith  method 

1.467 

6 

do 

1.485 

1  Proceedings  A.  O.  A.  C,  1896. 
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80IM  FROM  THE  EXPERIMENT  STATION   FARM  AT  KINGSTON,  R.  I. 

The  soil  here  mentioned  is  from  the  '*  plain.''  It  is  of  a  dark  chocolate  color,  about 
4  inches  deep,  underlaid  by  an  impure  clay  resting  upon  gravel  and  pebbles  of 
unknown  depth,  which  form  a  good  natural  drainage.  The  soil  is  evidently  derived 
from  gneiss,  consisting  of  quartz,  orthoclase,  and  biotite,  and  made  up  of  glacial  drift. 

Mechanioal  analym. 

(1895  Proceedings.) 

Made  under  the  direction  of  Milton  Whitney,  who  remarks  that  it  has  "  the  same 
texture  as  our  early  truck  soils.'* 

Per  cent. 

Moisture  in  air-dried  sample 1. 90 

Organic  matter 8. 46 

Gravel,  2-1  mm 1.82 

Coarse  sand,  1-0.5  mm 3. 40 

Medium  sand,  0.5-0.25  mm 7.82 


Percent. 

Fine  sand,  0.25-0.1  mm 6.66 

Very  fine  sand,  0.1-0.05  mm 31. 65 

Silt,  0.05-0.01  mm 29.69 

Fine  silt,  0.01-0.005  mm 4. 38 

aay,  0.005-0.0001  mm 4.81 


Chemical  analysis  of  air-dried  fine  soU, 
(Bulletin  28,  Rhode  Island  Experiment  Station.    Collected  1892.    Hilgard  method.) 


Per  cent. 

PA 0.127 

Moisture  and  organic  matter 7. 888 

Humus 2.752 

Ash  from  humus 605 

PjOo  in  humous  ash 042 


Per  cent. 

Insoluble  matter 80.632 

K,0 155 

CaO 569 

MgO 209 

FcjO, 3.463 

A1,0, 4.641 

It  was  found  (1895  proceedings)  that  the  amount  of  P^Os  extracted  fA)m  these  soils, 
rich  in  oi^ganic  matter,  was  increased  41  per  cent  by  substituting  the  Goss  for  the 
above  method. 

Soil  taken  from  different  portions  of  the  same  field  in  1895  contained,  on  a  water- 
free  basis,  humus,  3.86  per  cent  (by  the  Huston  method,  which  gives  higher  results 
than  the  Hilgard  method,  in  most  cases) ;  humous  nitrogen,  0.13  per  cent;  and  free 
humic  add,^  1.52  per  cent  (Rhode  Island  station) .  Soil  which  had  been  exhausted 
of  its  available  potash  by  fertilization  with  N  and  P2O5,  taken  from  the  same  field  in 
1897,  yielded  only  0.020  per  cent  of  lime  by  treatment  with  carbonated  water  (1898 
proceedings) .  The  soils  under  discussion  give  an  acid  reaction  to  litmus  paper  and 
fail  to  produce  satisfactory  yields  in  the  case  of  many  crops,  without  an  addition  of 
lime  or  other  alkaline  materials  to  correct  the  existing  acidity. 

In  1890  an  experiment  was  begun  with  maize  to  indicate  the  relative  amounts  of 
more  active  nitrogen,  phosphoric  acid,  and  potash  within  the  soil.  Previous  to  this 
time  grass  had  been  growing  for  many  years  without  fertilization,  and  hardly  enough 
was  produced  at  the  time  the  experiment  began  to  pay  for  cutting.  In  1890  and  1891 
nitrate  of  soda,  150  pounds;  dissolved  boneblack,  350  pounds,  and  muriate  of  potash, 
150  pounds,  per  acre  were  applied.  In  1892  and  subsequently  the  annual  application 
was  increased  to  480, 600,  and  200  poimds,  respectively.  In  1896  air-slacked  lime  was 
applied  to  all  plots  at  the  rate  of  2|  tons  per  acre. 


'  Method  given  in 
8601— No.  57- 


Wiley's  Agricultural  Analysis,  vol.  1,  p.  331. 
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Yields  of  maize  {ears  and  siover)  in  pounds. 


No. 

Fertilizers  RUpplied. 

Before  liming. 

After  liming. 

1890. 

1891. 

1892.    1    1893. 

1894. 

1896.    1    1897. 

1898. 

1 

N 

180 

210 

293.8 

273.8 

282.5 

298.8 

GO 
129. 
107!  5 
139.5 
112.6 
157.8 

60 
180 

61 
205 

88 
230 

50 
145 
112.6 
122.5 
102.6 
163.8 

26 
88 
28 

116 
32 

202 

10.6 

103.3 

215 

? 

PaOii 

20.8 
11.9 
38.5 
26.8 
49.2 

32.6 

133.8 
180.3 
222.5 
280.8 

130 

ft 

KoO 

295 

4 

N,  PjOft 

350 

5 

N,K-0 

395 

6 

KjO,  PjOs 

335 

Note.— In  1894, 1896.  and  1897  other  crops  were  also  planted,  and  the  above  yields  for  those  veon 
were  from  a  few  rows  only  of  maize.  The  yields  during  the  other  years  are  those  from  one-twentieth 
acre  plots.    No  maize  was  planted  in  1895.    The  experiment  is  still  being  continued. 

K^O  and  P^O  dissolved  in  digestion  of  fine  soil  calculated  to  water-free  basis. 

[Soils  from  Experiment  Station  farm,  Kingston,  R.  I.] 


Plot. 

Solvent 

Cubic 
centime- 
ters solv- 
ent to  1 
gram  soil. 

Time  of 
diges- 
tion. 

Tempera- 
ture 

of  diges- 
tion. 

Per  cent 
of 

Per  cent 
of 
K,0. 

51 

Frequent  shaking  by  Jumd. 
Citric  acid  (10 grams  per  liter) 

60 
50 
50 

50 
50 
60 
50 
50 
50 
50 
50 

-50 
50 
50 

5  hours . 
5  hours. 
5  hours . 

5  hours  . 
5  hours  . 
5  hours  . 
5  hours  . 
5  hours  . 
2  hours  . 
2  hours  . 
2  hours  . 

2  hours . 
2  hours. 
2  hours  . 

Boom... 
Boom... 
Boom... 

Boom... 
Boom... 
Boom... 
Boom... 
Boom... 
Boom... 
Boom... 
Boom... 

Boom... 
Boom... 
Boom... 

0.0178 
.0175 
.0831 

.0286 
.0153 

0.0122 

2 

do 

.0037 

5 
2 

Ammonium  oxalate,  40  grams,  acetic  acid, 

2.15  grams,  per  liter. 
do 

.0142 
.0051 

5 

Oxalic  acid  (G.3  grams  per  liter) 

-01» 

2 

do....T •     

.0180  '        .0071 

5 

Oxalic  acid  (1  per  cent  solvent) 

.0280   

2 

do 

.0250   

5 
2 

Oxalic  acid  (equivalent  to  1  per  cent  citric) . 
do 

.0319  1        .0117 
.0856  '        .009 

5 

Acid  potassium  oxalate  (equivalent  to  1  per 

cent  citric) . 
do 

.0133 

.0189 
.00(H 

.0009 

2 

5 
2 

Acetic  acid  (equivalent  to  1  per  cent  citric) . 
do 

.0097 
.0018 

5 

Total,  by  hydrofluoric  acid 

1.542 

2 

do 

1.669 

1  Proceedings  A.  O.  A.  C,  1895. 
SOIL  FBOM  THE  FABH   OF  O.  F.  DOLE,  SHELBURNE,  MA8S. 

A  good  medium  loam  of  glacial  origin,  a  mica-schist  till.  Had  been  in  graas  with> 
out  manure  for  five  years  previous  to  the  following  experiment. 

The  field  upon  which  the  experiment  to  determine  avsdlable  plant  food  was  con- 
ducted was  upon  an  elevated  tract  in  a  hilly  district.  One  hundred  and  sixty  pounds 
of  nitrate  of  soda,  320  pounds  of  dissolved  boneblack,  and  160  pounds  of  muriate  of 
potash  were  annually  applied  per  acre. 
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Yields  per  IwerdheLh-iicre  plotf  in  pounds. 


No.  of 
plot 


Fertilizen  sup- 
pUed. 


1889,  maize. 


Ears.   Stover. 


1890,  maize. 


Ears.    Stover. 


1891,  potatoes. 


LaiKe.    Small. 


1892,  oats. 


Grain.    Straw, 


hay. 


1894. 
hay.i 


Av.    None. . 

N 

P.06 

K,0 

N.PtOft 

N,K,0 

KiO.PjOj... 
N,Pj06.KaO 


121 

136 
153 
163 
172 
185 
167 
176 


124 

162 
148 
161 
168 
196 
178 
216 


82 

901 
1071 

931 
114i 

96 
1061 
105 


105 

107i 
94i 
lS6i 
185i 
129 
121^ 
122 


27 

22 
91 
75 
200 
123 
84 
113 


24 
SO 
26 
82 
87 
21 
S9i 


82 

38J 

35 

5U 

701 

58 

34 

65J 


49i 

99 
65 
48J 
2111 
137 
57 
1581 


571 

95i 
62 
57 

138} 
984 
75 

110 


1  The  results  for  1895,  the  last  year  of  the  experiment,  are  not  included,  for  there  was  evidence  of 
the  crops  from  the  different  plots  having  been  mixed  by  the  person  in  chargfe. 

Chemical  analysis  of  air^ried  fine  soil 
[Furnished  by  W.  P.  Brooks,  Amherst,  Mass.    Sample  collected  in  1889.] 


Per  cent. 

Insoluble  matter 80.93 

K,0 16 

PA 13 

CaO 16 


I^rcent 

N 0.18 

Moisture 2. 17 

Organic  matter 8.41 


Gobs  and  Hare  obtained  0.22  »per  cent  PjOj  by  the  Goss  method  from  soil  collected 
from  the  same  area  in  1895. 

PjOs  dissolved  in  digestion  of  fine  soil  (calculaled  to  waier-free  basis) . 

[Soil  from  farm  of  G.  F.  Dole,  Shelbum,  Mass.    Sample  was  probably  collected  in  1895  from  an  unfer- 
tilized plot.    Frequent  shaking  by  hand.    (Proceedings  A.  O.  A.  C,  1896.)  ] 


Solvent. 


Cubic 
centime- 
ters sol- 
vent to 
1  gram. 


Time 

of  dlges- 

Uon. 


Tempera- 
ture 

of  diges- 
Uon. 


Per  cent 
of  PjOft. 


N/5  hydrochloric  acid 

N/5  citric  acid 

Ammonium  citrate  (fert  solution  dilute  1  in  10) 

N/5  oxalic  acid 

Ammonium  oxalate  (16  grams  per  liter) 


100 
100 
100 
100 
100 


5  hours. 
5  hours. 
5  hours. 
5  hours. 
5  hours. 


40OC. 
40^  C. 
40^  C. 
40°  C. 
40°  C. 


0.019 
.033 
.021 
.091 
.Oil 


In  answer  to  inquiries  for  more  definite  information  concerning  soil  sample  No.  3, 
distributed  by  the  last  referee,  with  a  view  to  using  it  in  the  work  of  the  present 
year,  the  agriculturist  of  the  North  Carolina  Experiment  Station  writes  in  part  as 
follows:  **  The  land  was  apparently  a  fair  representative  lot  of  much  of  the  neigh- 
borhood, which  generally  needs  complete  manure  and  organic  matter  for  the  pro- 
duction of  profitable  crops.  The  cotton,  as  judged  by  the  stalks  left  on  the  ground 
and  the  number  of  empty  bolls  left,  could  not  be  otherwise  than  deficient  in  at  least 
one  of  the  essentials  of  plant  food,  and  we  believe  in  more,  or  all."  This  informa- 
tion throws  more  light  upon  the  character  of  the  sample  in  question,  and  emphasizes 
the  difficulty  expressed  by  the  referee  of  last  year  in  obtaining  soil  of  known  defi- 
ciency for  testing  the  value  of  a  solvent. 
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Considerable  data  upon  the  relative  solvent  power  of  dilute  adds  for  phosphoric 
add  and  potash  having  been  secured  from  time  to  time  upon  soils  from  different 
localities,  they  are  compiled  in  the  following  tables  as  a  more  convenient  form  of 
reference: 

A-mcmrd  of  phosphoric  add  dissolved  {codculaled  to  percentages  of  waier-free  soil) . 


Kentucky. 


Plot 5.    Plots. 


Rhode  Island. 


Plots.    Plot 2. 


chu- 
setts. 


New 
Mex- 
ico. 


Rothamsted. 
England. 


Plot  W.  8.  Plot  B,  A. 


Proceedings 

Time  of  digestion 

Temperature  of  digestion . 

Strength  of  acids 

Oxalic  acid 

Citric  acid 

Acetic  acid 

Hydrochloric  acid 

Nitric  acid 


1895. 
2  hours. 
Room. 

n/7. 
0.1135 

.0169 

.0014 


1895. 
2  hours. 
Room. 

n/7. 
0.1062 

.0154 

.0017 


1895. 
2  hours. 
Room. 

nA 
0.0319 

.0107 

.0004 


1895. 
2  hours. 
Room. 

nA 
0.0856 

.0125 

.0009 


5  hours. 

40^  C. 

n/5. 

0.091 

.088 


1896. 

5  hours. 

40°  C. 

n/5. 

0.063 

.025 


1897. 

5  hours. 

40°  C. 

n/5. 


1897. 

5  hours. 

40°  C. 

n/5. 


.Old 


.049 


0.0039 
.003 


0.0357 
.029 


Amount  of  potash  dissolved  (calculated  to  percentages  of  waier-free  soil) . 


Kentucky. 

Rhode  Island. 

Rothamsted, 
England. 

Plot  2. 

Plot  5.      Plot  6. 

Plot  5. 

Plot  2, 

Plot  W.  3. 

Plot  B,  A. 

Proceedings 

1896. 

iRa.*). 

1895. 

2  hours. 

Room. 

nA 

0.0087 

.0073 

.0043 

1895. 

2  hours. 

Room. 

n/7. 

0.0117 

.0111 

.0097 

1895. 

2  hours. 

Room. 

nA 

0.0029 

.0021 

.0018 

1897. 

5  hours. 

40°  C. 

n/5. 

1897. 

Time  of  digestion 

5  hours.  2  hours. 

5  hours. 

Temperature  of  digestion 

40°  C. 
n/5. 
0.009 
.007 

Room. 
n/7. 

0.0040 
.0040 
.0013 

40°  C. 

Strength  of  acids 

n/5. 

Oxalic  acid 

Citric  acid 

Acetic  acid 

Hydrochloric  acid 

.012 

0.019 
.019 

0.016 

Nitric  acid 

.017 

It  may  be  noticed  that  oxalic,  citric,  and  acetic  acids  decrease  in  the  order  named 
in  their  ability  to  extract  both  phosphoric  acid  and  potash  from  the  soils  considered. 
Hydrochloric  acid  dissolves  more  potaah  from  the  Kentucky  soil  than  oxalic  and 
citric  acids,  and  from  the  Rothamsted  soil  about  the  same  as  nitric  acid;  in  regard  to 
phosphoric  acid,  it  extracts  more  than  nitric  acid  from  the  Rothamsted  soil,  but  its 
position  in  relation  to  oxalic  and  citric  adds  is  uncertain,  as  shown  by  the  Massachu- 
setts and  New  Mexico  soils.  The  results  show  how  the  relative  dissohdng  power  of 
two  acids  may  vary  upon  soils  of  different  nature,  depending  possibly  upon  the  com- 
binations in  which  the  ingredient  in  question  occurs. 

In  considerable  of  the  work  done  by  the  association  in  determining  the  more  active 
constituents  of  plant  food,  the  results  secured  upon  a  soil  which  had  received  no 
application  of  a  given  substance  are  compared  with  those  upon  the  same  soil  to  which 
had  been  added,  in  the  course  of  plot  experimentation,  a  known  amount  of  the 
ingredient  in  question  in  an  available  form.  The  value  of  a  given  solvent  has  been 
judgeti  according  to  its  ability  to  extract  a  laiger  amount  of  a  given  ingredient  from 
the  soil  receiving  an  application  of  the  same  than  from  the  one  to  which  it  has  not 
been  added.     Had  there  been  no  loss  by  drainage  the  differences  in  the  total  amounts. 
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at  least  of  a  constituent  found  by  analysis,  should  be  accounted  for  by  the  net  amounts 
added  to  or  removed  from  the  different  plots.  In  the  case  of  the  Kentucky  soils 
(1895  Proceedings)  which  were  deficient  in  natural  drainage,  and  therefore  less  liable 
to  loss  from  leaching,  the  increase  of  potash  in  plot  6  over  plot  5  as  a  result  of  the 
system  of  fertilization  during  the  preceding  seven  years  amounted  to  431  pounds  per 
acre,  or  0.0431  per  cent,  using  1,000,000  pounds  as  the  approximate  weight  of  the  soil 
per  acre  at  the  depth  sampled,  6  inches.  It  is  interesting  to  compare  this  percentage 
with  the  difference  between  the  percentages  of  potash  found  in  the  soil  from  plots  6 
and  6,  as  shown  below: 


Plots. 


Plot  6. 


Differ- 
ence. 


Goes  method  (HsS04  and  HNOg) .  ■ 
Official  method  (HCl  1.116  sp.gr.) 

Hydrofluoric  acid 

J.  Lawrence  Smith  method » 


0.486 
.315 
1.106 
1.467 


0.540 

.330 

1.147 

1.485 


0.064 
.015 
.042 
.018 


1  Huston  and  Bartlett,  1896  Proceedings. 

In  like  manner  the  increase  of  phosphoric  acid  in  plot  5  over  plot  6  amounts  to  486 
pounds  jjer  acre,  or  0.0486  jjer  cent. 


Plot  6. 


Plot  5. 


Differ- 
ence. 


Goes  method 

Official  method. 


0.450 
.430 


0.462 
4.31- 


0.012 
.001 


It  was  possible  with  the  data  at  hand  to  calculate  only  approximately  the  net 
increase  of  potash  in  plot  5  over  plot  2  in  the  Rhode  Island  soils  (1395  Proceedings) 
during  the  four  years  preceding  the  collection  of  samples.  It  would  amount  to  about 
460  pounds  per  1,000,000  pounds  of  soil,  or  0.0460  per  cent. 
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Upon  the  same  basis  the  increase  of  phosphoric  acid  in  plot  2  over  plot  5  would  be 
380  pounds,  or  0.038  per  cent. 


Plot  5. 
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At  the  Indiana  Experiment  Station  (Huston  and  Bartlett,  1896  Proceedings) ,  soil 
was  examined  from  plots  which  had  been  in  an  experiment  five  years.  Accepting 
arbitrarily,  in  the  absence  of  other  figures,  1,000,000  pounds  as  the  weight  of  this 
soil  per  acre,  at  the  depth  sampled,  it  appears  from  the  published  information  that 
the  increased  percentage  of  phosphoric  acid,  in  the  plot  receiving  a  complete  fertilizer 
over  the  blank  plots,  calculated  from  the  fertilizers  applied  and  crops  removed,  would 
be  0.0069  per  cent,  while  the  difference  in  analysis  by  the  official  method  was  —0.005 
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per  cent.  The  increaae  in  phosphoric  acid  in  the  plot  receiving  barnyard  manare 
over  the  blank  plots  appears  by  a  similar  calculation  to  be  0.0119  per  cent,  and  by 
analysis,  —0. 016  per  cent.  The  excess  of  potash  in  the  plot  receiving  complete  fertilizer 
over  the  blank  plots  would,  by  calculation,  be  0.0075  per  cent,  but  according  to 
analysis  is  0.021  per  cent  (official  method)  and  —0.081  percent  (J.  L.  Smith  method). 
The  excess  of  potash  in  the  plot  receiving  barnyard  manure  over  the  blank  plots 
would  by  calculation  be  0.0176  per  cent,  but  according  to  analysis  is  0.022  per  cent 
(official  method)  and  0.078  per  cent  (J.  L.  Smith  method). 

It  will  have  been  noticed  from  the  foregoing  that  whereas  in  a  large  majority  of 
cases  an  increased  application  of  an  element  of  plant  food  to  one  plot  over  another 
has  been  indicated  to  some  extent  by  the  analysis,  in  many  instances  the  analytical 
results  are  the  opposite  of  what  we  would  expect  from  the  history  of  the  plots.  It 
may  be  well  to  state  in  this  connection  that,  with  the  exception  of  those  upon  the 
Indiana  soil,  all  results  by  the  official  and  Goss  methods  are  averages  of  determina- 
tions by  a  number  of  chemists;  the  remaining  results  represent,  as  a  rule,  the  work 
of  one  person  in  each  case. 

It  would  seem  reasonable  to  expect  that  the  total  amount  of  an  ingredient  found 
by  analysis  would,  in  the  case  of  the  various  plots,  indicate  the  ones  which  had 
received  an  addition  of  that  ingredient,  even  if  no  correspondence  existed  with  the 
amounts  added  during  a  series  of  years.  On  the  contrary,  the  analytical  results  are 
very  conflicting,  showing,  in  the  case  of  total  potash  by  the  Smith  method,  for 
example,  in  two  out  of  the  four  instances,  a  considerably  larger  amount  of  potash  in 
the  soil  which  had  been  to  some  extent  exhausted  of  its  supply,  than  upon  that 
which  had  received  potash  for  a  series  of  years,  and  in  the  other  two  instances  they 
fail  to  show  the  differences  which  would  have  been  anticipated  from  the  amount  of 
potash  applied.  Of  course,  it  should  not  be  expected  that  the  analytical  results  would 
coincide  "with  the  histor>'  of  the  plots,  but  unless  our  strong  solvents  indicate  with 
more  certainty  than  they  have  in  the  instanceij  cited  the  additions  of  plant  food, 
are  we  in  a  position  to  expect  an  agreement  even  in  direction,  if  not  in  depree, 
between  the  amounts  dissolved  by  w^eak  solvents  and  the  records  of  the  soils?  As  a 
rule,  even  our  strong  solvents  previously  considered  find  only  a  small  fraction  of  the 
net  amount  of  plant  food  applied  in  soluble  forms  during  several  years.  Conceding 
the  accuracy  of  our  results,  it  becomes  a  very  interesting  problem  from  an  agricul- 
tural standpoint  to  account  for  this  loss. 

In  studying  the  results  of  the  past  few  years,  it  is  apparent  that  much  good  work 
has  been  done,  and  that  the  agreement  in  the  results  by  different  chemists  improves. 
It  must  be  borne  in  mind,  however,  that  determinations  embodjring  100  or  more 
grams  of  soil  must  be  scnitinized  to  the  third  decimal  place  with  the  same  attention 
that  we  would  give  the  tenths  of  per  cent  in  considering  the  results  from  a  detenni- 
nation  embodying  1  gram  of  material,  and  that  the  percentage  difference  should        ■ 
always  be  considered  in  comparing  the  results  from  different  chemists.    The  blank 
obtained  by  digesting,  in  a  glass  receptacle,  an  amoimt  of  solvent  equal  to  that  vised       I 
in  connection  with  the  soil,  may,  in  the  cases  of  potash  determinations  at  least,  amount       | 
to  a  large  percentage  of  the  weight  obtained,  and  should,  of  course,  never  be  omitted        | 
in  work  of  this  nature.     It  is  hardly  safe  for  the  referee  to  take  it  for  granted  thatall       < 
necessary  precautions  will  be  taken  by  every  cooperating  chemist,  and  he  must  empha- 
size them,  even  at  the  risk  of  being  considered  paternal.    In  view  of  the  difficulty  of 
obtaining  exhausted  soils  in  which  the  deficient  element  is  positively  known,  and  of       I 
subsequently  securing  a  sample  of  the  same  which  shall  truly  represent  the  area  under       | 
consideration,  it  would  seem  advisable  to  procure,  in  advance,  soil  which  probably       | 
would  prove  deficient  in  some  essential  constituent  and,  by  means  of  a  plot  experiment       i 
with  a  portion  of  the  same,  settle  any  doubt  as  to  its  deficiency  in  the  particular  ingre-       i 
dient.     If  the  soil  proves  suitable  for  the  work,  samples  can  then  be  distributed  to  the       , 
chemists,  and  the  results  compared  with  the  crop  records  upon  the  identical  lot  of       ' 
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soil.  By  this  method  any  material,  the  lack  of  which  might  be  suspected  of  being 
the  cause  of  unproductiveness,  instead  of  the  one  supposed  to  be  deficient,  can  be 
Eupplied.  The  experience  at  the  Rhode  Island  Station  with  the  soil  used  in  the  work 
of  this  association  m  1895,  which  showed  a  lack  of  phosphoric  acid  before  liming,  but 
not  afterwards  (see  article  by  Wheeler,  1898  Proceedings,  p.  60) ,  emphasizes  the  lia- 
bility of  being  misled  by  many  of  the  soil  tests  as  at  present  conducted. 

Our  success  in  drawing  right  conclusions  in  regard  to  the  value  of  a  solvent  must 
depend  in  a  very  large  d^ree  upon  our  correct  knowledge  of  the  productiveness  of 
the  soil,  and  our  carefulness  in  obtaining  representative  (^mples.  The  writer  is  forced 
to  the  conclusion  that  with  proper  attention  to  these  particulars  we  shall  have  fewer 
incxplainable  results.  We  shall  very  likely  be  unable  to  find  any  one  solvent  which 
shall  predict  the  amount  of  active  plant  food  in  soils  of  very  differing  characteristics, 
and,  of  course,  the  capabilities  of  a  soil  for  the  production  of  one  crop  would  be  very 
different  for  another. 

At  first  thought  it  was  supposed  that  the  relative  action  of  the  different  solvents 
employed  during  the  past  few  years  could  be  explained  upon  the  ground  that  the 
principal  form  in  which  the  ingreclients  existed  in  one  soil  was  very  different  from  its 
combination  in  another.  This  difference  has  undoubtedly  been  very  marked  in  cer- 
tain of  these  soils,  but  the  data  at  hand  seemed  insufficient  to  substantiate  deductions 
upon  this  point,  especially  as  results  by  different  chemists  were  sometimes  in  conflict: 
It  would  be  highly  desirable  if  there  could  be  published,  in  connection  with  the  results 
with  the  weak  solvents,  determinations  by  some  experienced  chemist,  which  would 
throw  light  upon  the  peculiar  combinations  in  which  the  ingredient  exists.  It  must 
be  evident  in  the  case  of  soils  like  the  ones  examined  by  Ladd,  of  the  North  Dakota 
Experiment  Station,  for  example,  in  which  over  half  of  the  phosphoric  acid  resisted 
the  a;ction  of  weak  nydrochJoric  acid,  though  subsequently  dissolved  with  the  humus 
by  ammonia,  that  a  dilute  acid  solvent  would  fail  to  indicat^the  assimilable  phos- 
phoric acid  with  the  same  completeness  as  upon  a  soil  containing  its  active  phosphoric 
acid  in  forms  readily  attacked  by  acids.  Evidence  is  accumulating  that  there  are 
many  soils  in  which  the  phosphoric  acid  is  largely  associated  with  the  humus,  and  in 
a  form  quite  readily  available  to  plants. 

In  view  of  the  fact  that  large  amounts  of  soil  should  be  taken  when  a  weak  solvent 
is  employed  in  order  to  get. a  fair  weight  of  precipitate,  a  coarser  sieve  than  the 
0.5  mm.  size  should  be  adopted  for  this  line  of  work.  After  corresponding  with  a 
number  of  chemists  in  regard  to  the  best  size,  I  recommend  the  adoption  of  a  3  mm. 
sieve,  where  the  soil  is  to  l)e  used  for  determinations  requiring  100  grams  or  more. 
This  is  the  size  employed  quite  generally  by  European  workers  and  its  use  would  be 
an  advantage  in  comparing* results.  It  would,  except  in  rare  cases,  include  all  soil 
particles  which  would  be  appreciably  attacked  by  the  solvents  in  question. 

The  Chairman.  Are  there  any  papers  to  be  presented  on  this  sub- 
ject, or  is  there  any  discussion  to  be  had  on  this  paper? 

Mr.  Goss.  I  do  not  know  that  I  quite  followed  the  referee  in  regard 
to  these  figures  on  the  paper  at  the  front.  After  a  large  amount  of 
experimenting  I  gave  up  the  idea  entirely  of  being  able  to  determine 
the  difference  between  the  several  soils — that  is,  in  the  amount  of 
available  plant  food  present,  by  using  strong  solvents.  I  do  not  think 
it  can  be  done.  I  think,  however,  that  the  strong  solvent  should  be 
used  in  the  analysis  of  a  sotl  as  a  means  of  determining  or  attempting 
to  determine  the  total  stock  of  plant  food  available  that  may  be  drawn 
upon.  Now  in  regard  to  difference  in  results  secured  by  action  of  the 
acids  that  has  been  mentioned,  it  has  been  my  experience  that  this  is 
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due  often — in  most  cases — to  the  presence  of  lime  and  magnesia  in  the 
soil,  which  has  a  neutralizing  action.  There  are  a  great  many  soils 
that  will  completely  neutralize  fifth-normal  acid.  Of  course  the  solvent 
effect  would  not  be  comparable  in  that  case  with  soils  having  little  car- 
bonate of  lime.  So  this  must  be  taken  into  consideration  in  discussiag* 
the  solvent  eflFect  of  weak  acid. 

Mr.  Wiley.  The  point  brought  out  by  the  referee  in  the  discussion 
of  these  data,  in  which  it  was  shown  that,  calculating  from  the  amount 
of  material  added  to  the  soil,  some  of  these  conditions  were  in  the 
wrong  direction,  is  an  extremely  important  one.  It  seems  to  me  that 
that  one  fact  alone  should  incite  the  members  of  this  association  to 
enter  into  a  more  careful  and  intimate  examination  of  some  of  the 
problems  underlying  soil  analysis.  .  Now  everyone  will  admit  that 
the  knowledge  of  the  soil  is  the  fundamental  knowledge  necessary  to 
scientific  agriculture.  You  may  throw  the  climate  in  sometimes,  but 
the  soil  remains  stationary,  and  it  is  the  fundamental  environment  in 
which  the  crops  must  be  grown,  not  to  be  changed  very  much  in  posi- 
tion or  very  much  in  quality.  And  yet  we  find  that  in  some  cases  our 
methods  of  analysis  seem  to  point  to  incorrect  results.  I  think  some 
of  the  suggestions  made  will  explain  the  problem.  The  differences  in 
making  a  test  are  ver}^  great,  for  instance,  whether  we  should  use  a 
sieve  of  larger  dimensions.  It  seems  to  me  that  it  is  practically  impos- 
sible in  the  methods  which  we  have  at  hand  to  make  a  uniform  mixture 
of  these  soils.  So  it  seems  to  me  that  some  of  the  samples  may  have 
been  taken  which  never  received  any  fertilizer  at  all,  and  that  there- 
fore this  would  be  the  explanation.  It  is  a  mechanical  matter.  I 
would  not  as  the  result  of  this  most  interesting  study  throw  any  impu- 
tation upon  the  skill  of  the  analyst  nor  upon  the  method  of  analysis, 
but  it  seems  to  me,  as  the  referee  suggested,  that  it  may  be  whollj^  in 
the  method  of  sampling,  and  I  am  inclined  to  believe  that  when  these 
discrepancies  have  been  thoroughly  investigated  it  will  be  found  chiefly 
in  just  this  direction.  * 

Mr.  Frear.  It  seems  to  me  that  I  can  rely  on  what  the  secretary  has 
said,  that  we  need  to  study  more  carefully  the  differences  in  these  sam< 
pies.  Several  years  ago  in  studying  variations  in  composition  of  barn- 
yard manure — another  substance  diflicult  to  sample — I  found  great 
difficulty  in  securing  material  which  I  considered  as  fairly  .representa- 
tive. In  order  to  check  the  matter  I  took  seven  series  of  samples,  each 
one  of  which  would  be  supposed  to  be  perfectly  representative  mate- 
rial, but  yet  I  found  quite  marked  differences,  making  triplicate  deter- 
minations so  as  to  be  sure  of  my  own  results.  And  so  I  believe  that 
in  these  closer  studies  of  the  soil  we  will  find  it  necessary  to  check  up 
our  sampling  before  we  too  closeh'^  criticise  results.  I  think  it  would 
be  desirable  before  too  severely  criticising,  or  before  accepting  any 
man's  analysis  based  upon  certain  analytical  samples,  to  check  up  the 
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samples  which  have  been  the  basis  of  our  determination.  1  should 
prefer  to  examine  two  or  three  samples  of  the  same  soil. 

Mr.  Hartwell.  I  am  glad  to  have  this  brought  out.  I  know  that 
in  the  case  of  certain  of  these  soils  the  samples  were  taken  from  as  few 
as  six  places  on  a  20-acre  lot,  and  in  more  recent  work  the  soil  has  been 
taken  from  a  less  number  of  places  than  that,  and  I  think  the  referees 
must  be  doubly  careful  about  this  matter  before  requiring  a  large 
amount  of  work  by  the  chemists  throughout  the  country. 

A  Member.  Were  there  any  results  on  ash  ? 

Mr.  Hartwell.  The  reporter  has  had  only  one  or  two  requests  for 
the  samples,  and  it  seemed  hardly  worth  while  to  send  them  out. 
There  has  been  no  work  done  in  this  direction. 

Mr.  KiLGORE.  Mr.  President,  it  seems  to  me  that  the  interest  in  the 
analyses  of  plants — ash  analyses — is  becoming  pretty  general,  and  we 
have  not  gotten  very  much  work  in  this  direction,  for  the  last  three 
years.  The  work  on  soil  has  rather  monopolized  the  time  of  referees 
and  workers,  and  the  idea  was  suggested  by  Mr.  Hartwell,  and  I  was 
in  hopes  he  would  bring  it  out,  that  perhaps  it  might  be  a  good  idea 
to  separate  these  two  subjects  and  have  a  reporter  on  ash  in  addition 
to  the  regular  reporter  on  soils.  It  would  appear  that  there  is  enough 
work  there  for  a  referee  on  each  subject.  This  idea  was  suggested  by 
the  referee  himself,  and  I  hoped  he  would  bring  it  out.  I  move,  Mr. 
President,  that  we  refer  this  matter,  with  the  recommendation,  to  the 
committee  on  recommendations,  to  report  back  to  the  association 
whether  they  consider  it  advisable  or  not  to  have  an  additional  referee 
on  this  subject. 

Mr.  Hartwell.  In  regard  to  the  matter  of  dividing  this  work,  as 
the  last  speaker  said,  we  have  had  very  little  results  from  ash  work 
in  the  last  two  years;  and  in  fact  for  a  number  of  years  back  the 
same  may  be  true.  This,  I  think,  has  been  largely  because  the  ash 
has  been  considered  a  separate  or  side  issue,  and  sometimes  has  been 
loaded  onto  the  associate  referee;  and  the  simple  sending  around  of 
a  number  of  samples  seems  to  be  more  a  test  of  chemists  than  of 
method  and  has  not  vielded  us  valuable  results.  To  mv  mind  there  is 
no  doubt  that  there  should  be  considerable  work  done  on  our  methods 
of  ash  analysis,  and  it  would  well  occupy  the  attention  of  a  sepa- 
rate referee.  The  determinations  of  the  soil  work  and  the  ash 
work  are  very  numerous,  whereas  we  have  in  the  case  of  potash  and 
nitrogen  a  referee  devoted  to  a  single  determination.  I  feel  that  our 
methods  for  ash  analysis  may  lead  to  incorrect  results  in  this  particu- 
lar, whereas,  starting  with  samples  of  ash  where  different  results  may 
be  had,  I  think  the  greater  diflSculty  lies  back  of  that,  in  starting  with 
the  dry  material.  This  is  especially  true  where  large  amounts  of 
silica  and  potash  are  present.  Of  course  our  methods  emphasize  the 
fact  that  particular  care  must  be  taken  in  such  cases,  but  in  my  own 
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work  upon  ash  rich  in  silica  I  have  been  unable  to  get  parallel  results, 
starting  with  the  dry  material.  Probably  it  is  practically  impossible 
to  get  all  the  adherent  sand  away  from  the  surface  of  a  sample  of 
material,  and  failing  in  that  we  depend  upon  the  determination  of 
insoluble  silica  to  furnish  the  amount  of  pure  ash  in  the  sample. 

In  this  same  connection  I  would  like  to  call  attention  to  the  work  of 
Shuttleworth,  who  has  recently  completed  his  doctor's  degree  in  Ger- 
many, and  published  a  monograph  on  this  question  which  is  very 
interesting.  I  think  this  matter  could  well  demand  the  attention  of  a 
separate  referee.  Especially,  as  the  stations  progress  in  their  work, 
and  field  experiments  are  carried  on,  it  will  be  absolutely  necessary 
to  make  more  determinations  of  the  ash  in  the  future. 

The  Chairman.  You  have  heard  the  question  of  the  advisability  of 
dividing  the  subject  of  soil  and  ash  analyses.     What  is  your  pleasure? 

It  was  moved  that  the  division  be  made.     Carried. 

The  Chairman.  We  will  now  take  up  the  subject  of  foods  and  feed- 
ing, b}'^  Thorn  Smith. 

Mr.  Wiley.  The  referee  is  not  present,  nor  is  his  associate.  Both 
have  sent  interesting  reports,  but  I  would  like  before  reading  them  to 
suggest  that  there  has  been  such  a  short  time  since  the  last  meeting 
that  we  have  not  as  much  before  us  so  we  usually  have,  and  it  is  quite 
likely  that  we  shall  finish  in  the  morning  session.  For  that  reason  I 
would  like  to  state  that  a  very  important  subject  will  be  brought  up — 
a  report  of  the  committee  on  food  standards,  which  seems  to  me  of 
more  interest  than  any  other  now  before  us.  This  will  be  presented 
to-morrow  morning,  and  I  hope  all  who  can  will  be  here  and  enter  into 
the  discussion  of  this  highly  important  subject.  I  may  say  that  one  of 
the  chief  reasons  for  the  interest  in  the  matter  just  now  is  the  fact 
that  the  United  States  Congress,  as  will  be  brought  out  in  the  report, 
has  recognized  the  authority  of  this  association  already  on  the  subject 
of  food  commerce,  as  the  committees  in  the  House  and  Senate  have 
both  reported  bills  as  to  interstate  commerce  in  adulterated  foods, 
recognizing  this  association  as  the  authority  for  fixing  the  matter  of 
adulterated  foods.  It  is,  therefore,  quite  certain  that  in  a  short  period 
this  association  will  be  recognized  as  the  authority  in  all  matters  relat- 
ing to  the  adulteration  of  foods,  the  use  of  preservatives,  and  every- 
thing of  that  kind.  So  I  say  this  is  a  matter  of  great  importance  and 
should  be  discussed  before  a  full  house.  It  will  come  at  the  end, 
being  put  down  as  the  last  thing  to  be  done. 

I  might  remind  the  president  that  it  is  his  function  to  say  when  the 
report  of  the  committee  on  nominations  shall  come  in;  but  this  report 
of  which  I  have  spoken  will  come  in  immediately  before  the  business 
of  the  association  is  finished.  We  shall  have  an  hour's  business  before 
that  comes  up,  so  that  it  will  not  come  up,  probably,  before  11  oVlock. 

Mr.  Thorn  Smith,  of  Moscow,  Idaho,  writes  that  he  sends  his  report, 
saying  that  it  is  the  ))est  he  can  do  at  present. 
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EEPOBT  ON  FOODS  AND  FEEDING  STUFFS. 
By  Thorn  Smith,  Referee, 

It  is  difficult  to  understand  why  such  an  apathy  exists  in  regard  to  the  perfection 
of  methods  for  the  estimt^tion  of  the  various  carbohydrate  bodies.  Is  it  because  so 
little  ia  known  in  regard  to  this  work  and  our  chemists  hesitate  in  taking  up  some- 
thing comparatively  new,  or  is  it  because  the  perfecting  of  a  method  which  will 
obtain  results  varying  but  the  few  hundredths  of  a  per  cent  by  different  analysts  in 
regard  to  phosphoric  acid  or  potash  is  more  important?  Is  not  a  comprehensive 
knowledge  of  what  we  eat  and  feed  our  domestic  animals  of  more  importance  than  a 
few  hundred  ths.of  a  per  cent  of  potash  ?  Are  we,  who  have  made  such  rapid  strides 
in  analytical  methods,  to  let  our  foreign  friends  take  this,  our  grandest  opportunity, 
from  us  7 

In  the  past  few  years  that  the  association  has  devoted  itself  to  this  problem  of 
differentiating  the  nitrogen-free  extract,  the  work  has  been  left  in  the  hands  of  the 
few.  Widely  discordant  results  have  been  the  reward  and  a  certain  amount  of 
depreciation  is  shown  these  pioneers.  Year  after  year  a  few  of  the  faithful  have 
taken  up  the  work,  published  their  results,  and  gone  at  the  problem  with  renewed 
vigor  the  following  year,  while  their  brother  chemists  let  it  go  by  difference  and  call 
that  difference  nitrogen-free  extract.  How  many  stations  in  the  country  are  not 
called  upon  in  the  course  of  a  year  for  an  analysis  of  something  containing  these 
elements  reported  as  nitrogen-free  extract,  and  assigned  a  feeding  value  known  to  be 
false  ?  Is  it  not  about  time  that  more  of  us  grappled  with  these  problems  ?  If  we  are 
to  continue  our  present  system  of  perfecting  methods  why  not  have  the  active 
cooperation  of  thirty  or  more  stations  instead  of  the  four  or  five  that  we  now  have  ? 
It  would  not  take  long  at  this  rate  to  see  daylight. 

Your  referees,  not  being  able  to  secure  the  results  on  the  samples  sent  out  this 
season  in  time  for  this  meeting,  have  acted  on  the  suggestion  of  our  honorable  secre- 
tary and  propose  to  give  a  very  brief  outline  of  the  work  done  by  the  association  on 
the  subject  of  foods  and  feeding  stuffs  as  related  to  the  estimation  of  the  starch,  pen- 
toses, and  galactose.  Mr.  Browne  has  prepared  a  special  paper  on  the  subject  of 
starch. 

The  first  suggestion  made  during  a  meeting  of  the  association  that  we  should 
differentiate  in  what  is  called  the  nitrogen-free  extract  was  made,  I  believe,  in  1890. 
Some  work  of  an  individual  nature  had  been  attempted  in  several  institutions,  but 
not  as  a  part  of  the  association's  work.  Clifford  Richardson  attempted  some  work 
in  1883,  but  abandoned  it  as  unprofitable  and  not  worth  the  time,  considering 
the  labor  involved  and  the  lack  of  suitable  methods.  It  was  Mr.  Frear  who  in  1889 
said,  **1  shall  be  very  much  disappointed  if  within  the  next  four  or  five  years  a 
point  has  not  been  reached  where,  instead  of  being  content  with  the  present 
grouping,  we  shall  in  studies  of  digestibility  and  nutritive  value  l)e  satisfied  with 
nothing  less  than  a  complete  investigation  of  the  foods  used.*'  That  time  has  come 
and  gone,  twice  over,  and  w^e  are  just  now  making  a  beginning.  In  1890  a  committee 
consisting  of  some  of  the  most  prominent  chemists  in  the  association  made  a  lengthy 
report.  W.  E.  Stone  at  the  same  time  presented  a  valuable  paper  on  the  estimation 
of  pentosans  in  feeding  stuffs.  At  this  time  it  appeared  as  though  something  were 
going  to  be  done,  but  the  subject  was  not  mentioned  in  the  next  three  meetings,  except 
in  1893,  when  it  was  suggested  by  the  referees  that  the  subject  be  taken  up.  In  1894, 
however,  Mr.  Patterson  attacke<l  the  matter  in  a  vigorous  manner,  and  the  work 
promised  much.  Only  three  reported  on  the  subject  of.  nitrogen-free  extract;  how- 
ever, the  Ijall  was  rolling.     At  the  same  meeting  Mr.  Stone  and  Mr.  Krug  presented 
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reeults  of  valuable  study.  And  yet  we  had  not  even  a  provisional  method  for  thia 
work,  not  even  for  starch.  The  discussion  developed  nothing,  for  the  subject  was 
not  even  mentioned.  This  was  truly  discouraging  to  the  referees.  In  1895  Mr. 
Patterson  continued  his  labors  without  success,  so  far  as  arousing  any  discussion  was 
concerned.  Was  this  due  to  lack  of  interest  or  to  ignorance  of  the  subject?  At  thia 
time,  however,  the  referees  were  successful  in  having  some  methods  incorporated  in 
the  *'  oflficial  methods  of  analysis." 

In  1896  a  wise  move  was  made  in  dropping  out  of  the  referee  work  all  other  than 
the  differentiation  of  the  nitrogen-free  extract.  The  standing  of  Mr.  Lindsey,  the 
referee,  gave  prestige  to  this  departure,  and,  as  he  said,  ''These  terms  do  not  refer 
to  a  single  substance,  but  rather  to  groups  of  substances  possessing  similar  charcteris- 
tics."  And  Mr.  Lindsey  was  right.  There  can  be  no  permanent  value  in  a  method 
which  aims  to  determine  several  constituents  at  one  time,  and  if  our  work  accomplishes 
anything  these  methods  will  l)ecome  obsolete  in  a  few  years  at  the  most.  Under  the 
vigorous  administration  of  Mr.  Lindsey  the  work  so  ably  started  by  Mr.  Patterson 
was  prosecuted  with  renewed  vigor.  At  this  time  also  a  little  interest  was  manifested 
in  the  work.  In  1897  Mr.  Lindsey  again  gave  valuable  assistance  in  furthering 
this  work.  A  few  points  were  brought  out  in  the  discussion,  and  yet  but  few 
appeared  interested.  In  1898  the  work  was  taken  up  by  Mr.  Krug.  He  had  given 
considerable  attention  to  it  for  several  years  and  was  ably  prepared  to  carry  it  along. 
He  was  able  from  the  results  obtained  to  recommend  material  changes  and  also  to 
proi>ose  interesting  lines  of  investigation  for  future  referees.  The  association  has 
been  exceedingly  fortunate  in  having  such  able  and  strong  men  to  guide  this  depar- 
ture in  its  initial  stages,  and  it  is  to  be  sincerely  hoped  that  the  referees  of  the  future 
will  do  all  m  their  power  to  carry  on  the  work  so  nobly  begim. 

Gentlemen,  I  beseech  you  to  give  all  the  aid  that  you  possibly  can.  Let  us  demon- 
strate our  ability  to  cope  with  this,  the  most  diflScult  problem  that  now  confronts  us. 
I  have  told  you  in  as  few  words  as  possible,  that  you  may  not  be  wearied,  of  what 
the  association  has  done,  and  I  hof)e  that  a  little  more  interest  may  be  aroused.  Our 
results  lack  much  to  make  them  satisfactory,  and  it  is  only  by  hard  work  that  we 
can  hope  to  make  them  otherwise.  Let  us  wake  up  to  our  possibilities  and  perfect 
these  methods  which  so  perplex  us. 

In  the  work  outlined  for  the  present  year  we  have  made  no  radical  changes.  The 
suggestions  of  Mr.  Krug,  last  year's  referee,  have  been  incorporated  in  our  scheme 
of  analysis,  and  believing  that  much  of  the  variation  is  due  to  inexperience  and 
manipulation,  it  can  only  be  a  question  of  time  and  application  before  better  results 
are  obtained.  Seventeen  stations  are  cooperating  with  us,  and  we  look  for  good 
results.  While  we  are  unable  to  make  a  report  at  this  time,  w^e  shall  endeavor  to 
report  fully  at  a  later  date. 

Moscow,  Idaho,  Jnn-e  '£6^  1899. 

.  Mr.  Wiley  (continuing).  Then  comes  the  report  of  the  associate 
referee : 

THE  ESTIMATION  OF  8TAA0H. 
By  C.  A.  Browne,  Jr.,  Associate  Referee  on  Foods  and  Feeding  Stuffs,  1899, 

Of  all  the  various  methods  employed  for  the  estimation  of  starch,  the  diastase 
method  stands  to-day  as  the  one  most  universally  approved  by  chemists.  In  testing 
the  superiority  of  this  over  other  methods  of  analysis  the  Association  of  Official 
Agricultural  Chemists  can  pride  itself  ui)oii  having  taken  a  most  prominent  part. 
Perhaps  no  other  line  of  work  better  illustrates  the  advantages  to  be  derived  from 
such  cooperative  researches?  as  the  association  is  undertaking  from  year  to  year.  We 
think  it  fittinjr,  therefore,  in  this  connection  to  give  a  brief  history  of  the  progress 
made  along  this  i)articular  subject  since  the  organization  of  the  association. 
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The  analysis  of  fertilizers  occupied  the  whole  attention  of  the  association  during 
the  first  two  years  of  its  existence ;  the  subject  of  fodders  and  feeds  was  not  referred 
to  committees  until  1886,  but  for  several  years  nothing  was  done  toward  the  investi- 
gation of  those  bodies  which  are  still  classified  as  nitrogen-free  extract,  the  attention 
of  the  reporters  being  principally  directed  to  the  perfection  of  methods  for  deter- 
mining crude  fiber,  ether  extract,  albuminoids,  moisture,  and  ash. 

In  his  address  before  the  association  at  the  Chicago  meeting  in  1893,  the  president, 
S.  M.  Babcock,  suggested  a  closer  study  of  the  different  constituents  of  feeds  and 
advised  ''  substituting  for  the  present  illogical,  indefinite,  and  unmeaning  system,  one 
which,  so  far  as  it  went,  would  deal  with  the  proximate  constituents  which  the  fod- 
ders contain."  A  very  general  demand  was  made  by  members  of  the  association  for 
investigation  along  the  lines  suggested  by  President  Babcock,  and  through  the  ener- 
gies of  the  referee  on  feeds  for  the  following  year,  H.  J.  Patterson,  the  work  was 
given  a  vigorous  start. 

Conspicuous  among  the  jjapers  presented  at  the  1894  meeting  is  one  by  W.  E. 
Stone  upon  "A  comparison  of  methods  for  the  determination  of  starch."  Five  of  the 
commonly  employed  methods  were  tested  and  compared  upon  a  large  variety  of 
materiaJs.  Outside  of  the  samples  of  pure  starch  a  considerable  discrepancy  is  noted 
in  the  results  obtained  by  these  methods.  Stone  shows  that  this  error  is  due  to  the 
presence  of  other  bodies,  such  as  pentosans,  which  behave  toward  acids  in  much  the 
same  way  as  starch,  and  draws  the  unavoidable  conclusion  that  none  of  the  existing 
methods,  based  upon  the  conversion  of  starch  to  dextrose  by  direct  inversion,  can 
be  employed  with  any  degree  of  accuracy  upon  materials  containing  pentosans.  The 
use  of  diastase,  which  had  begun  to  meet  with  favor  among  European  stations,  is 
suggested  as  one  way  of  meeting  this  difficulty.  We  believe  that  the  use  of  diastase  in 
starch  analysis  was  brought  to  the  attention  of  the  association  for  the  first  time  on 
this  occaision.  The  original  diastase  method  of  Stone  was  included  among  the 
methods  to  be  tested  the  following  year,  but  was  not  reported  upon  by  any  of  the 
chemists. 

The  work  marked  out  by  Mr.  Patterson  was  continued  for  the  year  1896  by  J.  B. 
Lindsey.  Three  distinct  methods  for  the  estimation  of  starch  were  proposed — the 
Sachsse,  the  Marcker,  and  the  diastase,  the  latter  method  appearing  in  a  form  slightly 
modified  from  the  original.  The  results  of  the  various  analysts  demonstrated  the 
inaccuracy  of  the  Sachsse  method;  the  Marcker  and  diastase  methods  agreed  fairly 
well,  and  were  adopted  by  the  association  as  provisional  methods  until  further  inves- 
tigation could  be  made.  In  his  work  the  following  year  Mr.  Lindsey  dropped  the 
Sachsse  method  and  substituted  the  salicylic-acid  or  modified  Bundy  method  for 
trial  instead.  A  larger  number  than  usual  of  chemists  participated  in  the  work,  the 
general  results  of  the  investigation  establishing  the  superiority  of  the  diastase  over 
all  other  existing  methods.  The  association  accordingly  adopted  the  diastase  as  the 
provisional  method  for  the  determination  of  starch  in  all  substances  except  commer- 
cial starch  and  i)otatoes. 

H.  W.  Wiley  and  W.  H.  Kfug  presented  two  very  important  ijapers  on  the  subject 
of  starch  analysis  before  the  Association  of  American  Chemists  at  the  Detroit  meet- 
ing in  1897.  A  serious  error,  due  to  unconverted  starch,  was  pointed  out  in  the  ordi- 
nary method  of  conducting  the  digestion  with  diastase,  and  the  importance  of  testing 
the  residues  with  iodine  under  the  microscope  was  shown.  The  authors  also  felt 
"  justified  in  announcing  that  diastase  has  no  solvent  action  on  the  pentosans,  and  is 
a  reliable  means  for  determining  the  exact  starch  content  of  a  cereal  or  fodder." 

Xhe  referee  for  the  year  1898,  W.  H.  Krug,  limited  the  work  on  starch  solely  to 
the  diastase  method.  Results  were  obtained  from  thirteen  chemists.  The  analyses 
revealed  considerable  variation,  the  probable  causes  of  which  are  discussed  by  Mr. 
Krug  to  some  extent.  Differences  in  the  amount  of  moisture  in  the  different  samples, 
incomplete  solution  of  the  starch  by  diastase,  and  variations  in  the  time  of  treatment 
with  the  malt  solution  are  all  considered  as  possible  sources  of  discrepancy. 
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The  only  important  change  adopted  at  the  1898  meeting  was  in  regard  to  making 
the  iodine  test  for  unconverted  starch  with  the  microscope.  It  is  evident  that  while 
the  process  as  it  stands  is  the  best  method  which  we  have  at  our  disposal  for  estimat- 
ing starch,  there  is  still  need  of  further  improvement  at  certain  points  before  uniform 
results  can  be  secunMl  by  different  chemists. 

Mr.  Wiley  (continuing).  Before  taking  up  this  subject  for  dis- 
cussion, or  adjourning,  I  will  say  that  I  have  only  two  more  reports, 
which  can  be  disposed  of  in  an  hour,  and  I  think  these  are  the  only 
ones  to  be  taken  up.  The  other  referees  have  not  come  in  person  or 
sent  their  reports  by  mail.  If  we  begin  by  10  o'clock,  I  think  we  can 
finish  our  session  to-morrow. 

Mr.  Goss  read  the  following  paper: 

OONOEBNIHa  THE  6.26  FEOTEDT  FAOTOB  AS  APPLIED  TO  BEEF. 
By  Arthur  Goss. 

In  connection  with  the  nutrition  investigation  work  carried  out  in  the  New  Mexico 
Experiment  Station  in  1897,  and  reported  in  Bulletin  No.  64  of  the  United  Statra 
Department  of  Agriculture,  Office  of  Experiment  Stations,  the  following  investigation 
concerning  the  6.25  protein  factor  was  undertaken. 

For  this  work  a  2}-year-old  range  steer,  of  as  nearly  as  possihle  average  condition, 
was  selected.  After  butchering  one  side  was  cut  into  fifteen  different  pieces,  as  oat- 
lined  in  Armour  &  Co.'s  diagram,  which  is  given  below: 


Fig.  2.— Diagrram  showing  cuts  of  beef  used  in  this  investigation. 

Each  cut  was  then  carefully  weighed,  the  meat  separated  from  the  bone,  and  the 
amount  of  each  determined.  The  edible  portion  of  each  cut  was  chopped  into  very 
small  pieces,  the  entire  lot  carefully  mixed,  and  a  small  sample  separated  by  quar- 
tering. The  small  sample  was  then  run  through  a  sausage  mill  two  or  three  times, 
well  mixed,  and  a  200-gram  sample  weighed  into  a  tared  saucer  and  dried  below 
100°  for  two  or  three  days.     After  drying  the  sample  was  allowed  to  stand  in  free 
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contact  with  the  air  for  about  forty-eight  hours,  to  assume  as  nearly  as  possible  a  state 
of  moisture  equilibrium.  After  again  weighing,  and  thus  determining  the  per  cent  of 
water  lost  in  air  drying,  the  partly  dried  sample  was  ground  up  in  an  iron  mortar  as 
finely  as  possible  and  passed  through  a  sieve.  Most  of  the  samples  were  sifted 
through  a  half-millimeter  sieve,  but  a  few,  like  the  leg,  containing  much  tendon  and 
similar  tissue,  could  not  be  gotten  through  so  fine  a  sieve,  one  or  two  of  the  most 
difficult  requiring  a  2-millimeter  sieve.  After  grinding  and  sifting  the  samples  were 
bottled  for  analysis. 

The  substances  usually  determined  in  the  analysis  of  meat  for  the  purpose  of  deter- 
mining its  value  as  food  are  water,  ash,  fat,  and  protein.  In  case  the  water,  ash,  and 
fat  are  determined,  the  protein  is  usually  taken  by  difference — ^that  is,  the  sum  of  the 
water,  ash,  and  fat  is  deducted  from  100,  and  the  result  called  protein.  In  case  it  is 
desired  to  determine  the  protein  alone,  it  is  usually  done  by  determining  the  per- 
centage of  nitrogen  in  the  sample  and  multiplying  the  same  by  6.25. 

While  this  6.25  factor  is  doubtless  practically  correct  for  some  proteids,  it  has  been 
shown  repeatedly  that  these  substances  differ  in  their  percentage  of  nitrogen,  and 
that  theoretically  it  would  be  necessary  to  use  a  different  factor  for  each.  In  the 
case  of  an  ordinary  sample  of  meat  there  are  always  several  proteids  present,  so  that 
in  practical  work  the  best  that  can  be  done  is  to  secure  a  factor  which  shall  be  as 
nearly  as  possible  an  average  for  the  entire  lot. 

It  was  thought  worth  while  in  connection  with  the  analysis  of  the  side  of  beef 
described  above  to  determine  exactly  what  factor  should  be  used  for  each  particular 
cut  This  side  of  beef  was  particularly  adapted  to  this  investigation,  as  the  samples 
contained  a  very  small  percentage  of  fat,  and  the  extremely  dry  New  Mexico  climate 
permitted  of  drying  the  analytical  samples  until  little  water  remained,  thus  reducing 
the  errors  incident  to  the  fat  and  moisture  determinations  to  the  minimum. 

In  the  determination  of  moisture  it  was  found  necessary  to  dry  the  samples  in  a 
current  of  dry  hydrogen  at  the  temperature  of  boiling  water  for  about  five  hours  in 
order  to  secure  practically  constant  weight. 

In  the  determination  of  ash  the  samples  were  burned  in  platinum  dishes  for  from 
three  to  five  hours  at  a  temperature  just  below  redness,  the  burning  in  all  cases  being 
continued  until  the  ash  was  perfectly  white. 

The  essentials  of  successful  ash  work  in  the  case  of  meat  samples  are  a  good  furnace, 
with  the  heat  under  perfect  control,  and  plenty  of  time.  It  should  not  be  attempted 
to  hasten  the  operation  by  using  too  high  a  temperature,  as  in  that  case  loss  is  liable 
to  occur  from  volatilization,  and,  furthermore,  the  fusible  salts  melt  and  form  a  coating 
around  the  unburned  carbon,  thus  excluding  the  oxygen  necessary  for  combustion 
and  making  it  next  to  impossible  to  secure  a  white  ash. 

The  fat  was  determined  by  extracting  the  water-free  material  in  a  Soxhlet's 
extractor  with  anhydrous  ether  until  all  the  material  soluble  in  that  reagent  was 
removed. 

In  order  to  determine  the  time  necessary  to  accomplish  this  end,  before  beginning 
on  the  regular  samples  from  the  side  a  series  of  determinations  were  run  with  some 
samples  of  round  and  sirloin  steak. 

As  a  result  it  was  found  to  be  necessary  to  extract  longer  than  twenty-four  hours. 
In  all  the  subsequent  work  the  extraction  was  continued  for  forty-eight  hours,  it  being 
assumed  that  practically  all  the  soluble  material  was  removed  in  that  length  of  time. 

The  results  of  the  above  investigation  are  given  in  Table  1. 
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Table  1. — Concemivg  lenfilh  of  timfnecesgary  to  exlraclmth  ether  in  the  fat  determincUicn, 


No.  of 
sam- 
ple. 

Name  of  cut 

Fat  re- 
moved first 

twenty- 
four  hours. 

Fat  re- 
moved sec- 
ond twenty- 
four  hours. 

Total  fat 

forty-eight 
hours. 

647 

Round  steak  (animal  No.  1) : 

a. 

Percent. 
7.87 
7.91 

Percent. 

0.21 

.17 

Percent 
&Q6 

b 

8.06 

Average 

7.89 

.19 

&08 

Sirloin  steak  (animal  No.  8) : 

a 

546 

1.41 
1.55 

.22 
.22 

1.63 

b 

1.77 

Average 

1.48 

.22 

1.70 

Sirloin  steak  (animal  No.  1): 

a 

648 

7.91 
7.55 

.15 
.23 

8.06 

b 

7.78 

Average 

7.78 

.19 

7.92 

Average  of  averages 

5.70 

.20 

5.90 

5 

The  fat,  so  called,  even  in  the  case  of  meat,  is  never  absolutely  pure.  Probably 
the  principal  impurity  in  the  case  of  meat  samples  is  nitrogenous  material,  which  is 
either  carried  down  mechanically  with  the  fat  or  is  soluble  in  ether.  In  the  case 
of  a  number  of  the  above  samples  the  ether  extract,  after  being  dried  and  weighed, 
was  dissolved  out  of  the  fat  flask,  transferred  into  a  Kjeldahl  digestion  flask,  and  the 
nitrogen  determined  in  the  usual  manner.  The  average  of  these  results,  as  will  be 
seen  by  referring  to  Table  3,  was  0.03  per  cent  of  nitrogen,  which  is  equivalent  to 
0.19  per  cent  of  protein,  provided  the  6.25  factor  is  used  in  calculating.  Thisamonnt 
should  be  deducted  from  the  per  cent  of  ether  extract  and  added  to  the  per  cent  of 
protein  as  determined  by  difference. 

The  nitrogen  was  determined  by  the  Kjeldahl  method,  1  gram  usually  being  taken 
for  analysis. 

The  utmost  care  was  taken  in  this  investigation  to  secure  reliable  analytical  results. 
All  samples  were  analyzed  in  duplicate,  and  sometimes  three  or  four  and  even  as 
many  as  sixteen  determinations  were  made  on  the  same  sample.  While  the  dupli- 
cate results  might  have  been  closer  in  some  cases,  provided  the  samples  could  have 
been  ground  to  pass  a  finer  sieve,  it  is  believed  that  the  averages  are  not  very  far 
from  correct. 

In  the  nitrogen  work  all  the  measuring  vessels  used  were  carefully  calibrated  and 
the  correction  factors  introduced.  It  was  found  in  the  calibration  work  that  con- 
siderably more  reliable  results  could  be  secured  in  measuring  by  the  use  of  pipettes 
than  by  means  of  burettes.  An  automatic  pipette  was  consequently  made  and 
attached  to  the  standard  acid  bottle,  and  the  acid  used  measured  out  in  this  way. 
In  calibrating  this  pipette,  which  held  23.12  cc,  a  difference  of  but  0.02  cc  was 
found  between  the  highest  and  lowest  of  the  four  consecutive  readings  taken. 

The  next  step  in  the  work  was  a  thorough  checking  up  of  all  the  reagents  used  in 
the  determination.  The  standard  half-normal  hydrochloric  acid  used  was  prepared 
by  titrating  against  chemically  pure  sodium  carbonate  which  had  been  dried  jost 
below  redness  for  four  or  five  hours  to  constant  weight  As  a  further  check  on  the 
strength  of  the  acid  chemically  pure  potassium  carbonate,  dried  to  constant  weight, 
was  used.  Upon  introducing  the  proper  corrections  for  temperature  of  solutions, 
calibration  of  pipettes  used,  etc.,  and  working  with  the  utmost  care,  it  was  very 
gratifying  to  find  that  by  using  Clarke's  latest  atomic  weights  the  results  were  almost 
absolutely  identical  with  the  two  carbonates. 
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As  a  further  check  on  the  work  samples  of  bone  meal,  cotton-seed  meal,  tankage, 
and  dried  blood  were  secured  from  Mr.  J.  P.  Street,  A.  O.  A.  C,  reporter  on  nitro- 
gen, and  check  determinations  made.  This  resulted  in  the  detection  of  a  small  error 
due  to  impurities  in  the  reagent  that  might  otherwise  have  escaped  notice.  It  also 
furnished  a  rather  striking  example  of  the  unreliability,  in  some  cases,  of  agree- 
ment between  duplicate  determinations  as  a  means  of  avoiding  error.  Upon 
running  a  pair  of  blank  determinations  with  all  the  reagents  used  in  the  nitrogen 
determination  present,  In  both  cases  nitrogen  was  found  to  be  absent.  Upon  adding 
a  little  sugar,  however,  and  making  the  determination  as  before,  0.17  cc  of  half 
normal  hydrochloric  acid  was  neutralized,  and  upon  repeating  the  determination 
with  a  different  amount  of  sugar  and  different  amounts  of  salicylic  acid  present  an 
amount  of  nitrogen  corresponding  to  the  above  amount  of  half-normal  acid  was 
actually  proven  to  be  present  in  the  reagents.  The  nitrogen  was  probably  present 
as  a  nitrate,  and  had  escaped  reduction  in  the  absence  of  oiganic  matter  in  the  first 
determinations. 

In  order  to  determine  the  length  of  time  necessary  to  digest  the  samples  with  sul- 
phuric acid  and  mercuric  oxid  portions  of  sample  No.  648  were  digested  for  one- 
half,  one,  two,  three,  and  four  hours,  respectively.  The  results  secured  are  given  in 
T^ble  2. 

Tablb  2. — Showing  length  of  time  necessary  to  hoU  with  sulphuric  acid  and  mercuric  oxid 

in  the  nitrogen  determination. 


Quantity 

of  meat 

employed. 

Sulphu- 
ric acid. 

Mercuric 
oxid. 

Length  of 
digestion. 

Nitrogen. 

Chrams, 

cc. 

Orams. 

Hourt, 

Percent 

ao 

0.7 

1-2 

(a)  13.50 

ao 

1-2 

(b)  13.60 

80 

1-2 

av.  13.50 

30 

1 

(a)  13.55 

30 

1 

(b)  13.59 

30 

1 

av.  13.57 

80 

2 

(a)  13.66 

80 

2 

(b)  13.65 

30 

2 

av.  13.61 

30 

3 

(a)  13.68 

30 

(b)  13.66 

30 

av.  18.67 

30 

(a)  13.68 

80 

(b)  13.62 

80 

av.  13.65 

2 

30 

(a)  13.56 

2 

30 

(b)  13.47 

2 

80 

av.  13.51 

The  results  given  above  in  Table  2  would  seem  to  indicate,  as  Atwater  and  Woods 
have  already  pointed  out,^  that  it  is  necessary  to  digest  meat  samples  somewhat 
longer  than  ordinary  vegetable  substances.  This  work  would  seem  to  indicate  that 
three  hours'  boiling  was  sufficient  in  the  case  of  meat  samples,  but  to  be  safe  the  boil- 
ing was  continued  in  each  case  in  the  actual  determinations  for  four  hours. 

After  getting  the  nitrogen  machine  in  good  working  order  the  nitrogen  was  deter- 
mined in  each  sample,  and  the  protein  calculated  by  using  the  6.25  factor.  The 
protein  was  then  compared  with  that  found  by  differences,  and  the  proper  factor  for 
the  cut  calculated. 


»  TJ.  8.  Dept  of  Agr.,  Office  of  Experiment  Stations  Bull.  44,  p.  25. 
8691— No.  57 7 
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In  Table  3  is  given  the  correct  factor  for  each  cut  and  the  data  from  which  the 
same  was  figured.  In  calculating  the  protein  by  difference,  the  average  amount  of 
protein  found  in  the  ether  extract  was  deducted  from  the  fat  and  added  to  the  protein 
in  each  case. 

Table  3. — Compo^lion  and  correct  protein  factor  for  each  col. 


No. 


551 
555 

566 
557 
558 
559 
560 
561 
562 
563 
564 
665 
566 
567 
568 


Name  of  cut. 


Neck 

Chuck  rib 

Standing  rib 

Sirioin 

Sirloin  steak 

Rump 

Round  steak 

Hock,  hind  leg,  or  shank  . 

Upper  or  sirioin  flank 

Lower  or  thin  flank 

Plate 

Navel 

Shoulder 

Leg 

Front  of  shoulder 


Average 

Equivalent    to    protein 
(N  X6.25)  


Water-free  substance. 


I 


Ash. 


Perd. 
4.7 
4.7 
4.7 
4.9 
4.9 
5.0 
5.1 
4.6 
4.6 
4.3 
4.7 
4.4 
4.9 
4.8 
4.9 


Ether 
ex- 
tract. 


Perd, 
2.7 
5.6 
4.7 
8.6 
8.6 
2.6 
4.0 
6.9 
2.6 
3.4 
2,1 
2.0 
6.4 
6.1 
8.7 


Nitro- 
gen in 
ether 
ex- 
tract. 


Perd. 


0.05 
.08 
.03 
.08 
.04 
.03 
.03 
.03 
.03 


Fat. 

(Protein 

ether 

extract 

de- 
ducted. ) 


.08 


Percent 
2.5 
5.4 
4.5 
3.4 
8.4 
2.4 
8.8 
5.7 
2.4 
8.2 
1.9 
1.8 
6.2 
5.9 
8.5 


Edible  portion. 


Nitro- 
gen. 


Protein. 
NX6.25. 


Perd. 
16.81 
14.70 
14.81 
14.69 
14.83 
15.12 
14.69 
14.77 
15.14 
16.38 
15.51 
15.65 
14.55 
14.85 
14.88 


.1. 


Perd, 
95.7 
91.9 
92.6 
91.9 
92.7 
94.5 
91.8 
92.3 
94.6 
96.1 
96.9 
97.8 
90.9 
92.8 
93.0 


Protein, 
by  dif- 
ference. 


Correct 

factor 

for 

cut 


Percent. 
92.8 
89.9 
90.8 
91.7 
91.7 
92.6 
91.1  I 

89.7  I 
93.0 
92.5 
93.4 

93.8  I 

88.9  ' 
89.8  I 
91.6  ' 


6.06 
6.12 
6.13 
6.24 
6.18 
6.12 
6.20 
6.07 
6.14 
6.01 
6.02 
5.99 
6.11 
6.01 
6.16 


6.11 


By  referring  to  Table  3  it  will  be  seen  that  the  correct  factors  for  the  diiierent  cuts 
varied  from  5.99  in  the  case  of  the  navel  to  6.24  in  the  case  of  the  sirloin.  In  a  gen- 
eral way  it  would  seem  that  for  such  cuts  as  the  sirloin,  sirloin  steak,  and  n>und 
steak,  in  which  the  greater  part  of  the  sample  is  pure  muscular  tissue,  the  6.25  factor 
is  more  nearly  correct  than  in  the  case  of  such  cuts  as  the  navel,  lower  or  thin  flank, 
and  leg,  in  which  tendon  and  connective  tissue  is  present  in  comi)aratively  larger 
quantity.  This  point  is  brought  out  in  a  more  striking  manner  in  Table  4,  in  which 
the  factors  for  the  different  cuts  have  been  arranged  in  order  of  size.  It  will  be 
noted  that  6.25  is  too  high  in  each  case. 

Table  4. — Correct  protein  factors  far  the  different  cuLs^  arranged  in  order  of  si^e. 


No. 

Name  of  cut. 

Factor. 

r 

No. 

Name  of  cut. 

Factor. 

565 

Navel 

599 

6.01  ' 

6.02  ' 
6.04  ' 
6  06  1 
6.07 

6  11  { 
6  12 

559 
556 
562 
568 
558 
560 
557 

Rump 

Standing  rib 

6  12 

563 

Lower  or  thin  flank 

6.ri 

564 

Plate 

Upper  or  sirloin  flank 

6.14 

567 

Leg 

Front  of  shoulder 

6.16 

554 

Neck 

Sirloin  steak 

6.1l» 

561 

Hock,  hind  leg,  or  shank 

Shoulder 

Chuck  rib 

Round  steak 

6.20 

566 

Sirloin 

6.24 

555 
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Table  5. — Showing  correct  protein  fador  for  entire  side. 
Edible  portion.— Water-free  substance. 


No. 


Name  of  cut. 


664     Neck 

555  Chuclcrib 

556  Staridingr  rib 

557  Sirloin 

568     Sirloin  stealc 

559     Rump 

Round  steak 

561  I  Hock,  hind  leg,  or  shank 

562  Upper  or  sirloin  flank 

563  Loweror  thin  flank 

664     Plate 

566     Navel 

566    Shoulder 

667     Leg 

568     Frontof  shoulder 

Average  per  cent  protein  for  entire  side,  by 
dividing  total  weight  protein  in  side  by 
total  weight  dry  matter 

Avera^  protein  factor  for  entire  side. 


Total 
weight. 


Orams. 

1,285 

2,811 

1,238 

2,096 

1,270 

2,558 

621 

427 

578 

828 

294 

743 

287 

1,802 


Protein  (N  x  6.25). 


Percent. 

95.7 

91.9 

92.6 

91.9 

92.7 

94.5 

91.8 

92.8 

94.6 
96.1 

96.9 
97.8 
90.9 
92.8 
98.0 


92.91 


Oranu. 

356.0 

1,135,0 

2,140.0 

1,137.7 

1,944.8 

1,200.1 

2,343.6 

573.2 

408.9 

550.6 

818.0 

287.6 

675.4 

266.8 

1.210.9 


Protein  by  differ- 
ence'. 


Percent, 
92.8 
89.9 
90.8 
91.7 
91.7 
92.6 
.  91.1 
89.7 
98.0 
92.5 
98.4 
98.8 
88.9 
89.8 
91.6 


91.31 


6.14 


Orams. 

845.2 

1,110.3 

2,098.4 

1,135.2 

1,923.9 

1,176.0 

2,325.8 

657.0 

897.1 

530.0 

801.7 

275.8 

660.5 

257.7 

1,192.6 


*  Corrected  for  N  in  ether  extract. 

In  Table  5  is  given  the  data  from  which  the  factor  for  the  entire  side  was  figured. 
It  would  obviously  be  incorrect  to  simply  take  the  average  of  the  factors  for  the 
different  cute  as  the  average  for  the  entire  side,  as  the  cuts  are  of  different  weights. 
By  calculating  the  amount  of  protein  in  each  cut  as  found  by  difference,  and  as  deter- 
mined direct  by  using  the  6.25  factor,  and  dividing  the  sum  of  these  amounts  by  the 
total  weight  of  dry  matter  in  the  different  cuts,  the  correct  percentage  of  protein  for 
the  whole  side  can  be  determined.    Then  by  the  proportion — 

Per  cent  of  protein  by  N  X  6.25  :  per  cent  of  protein  by  difference  ::  6.25  :  X 

we  can  determine  the  correct  factor  for  the  entire  side.  This  was  found  to  be  6.14, 
and  if  the  small  amount  of  carbohydrates  said  to  be  present  in  beef  were  considered, 
this  factor  would  become  still  smaller  to  a  slight  extent. 

While  it  is  not  supposed  that  this  6.14  factor  is  correct  for  all  the  different  proteids, 
or  possibly  for  any  one  of  them  in  a  pure  state,  it  is  thought  to  be  more  nearly  cor- 
rect for  the  average  side  of  beef  than  is  the  6.25  fac'tor  use<l  at  present. 

The  proper  factor  for  different  animals,  or  even  for  the  same  animal  under  differ- 
ent conditions,  would  probably  vary  somewhat,  and  it  is  only  l)y  continued  work 
and  the  accumulation  of  analytical  data  that  the  true  relations  in  such  cases  will 
become  apparent. 

In  Table  6  is  given  the  average  results  of  the  analyses  of  three  samples  of  round 
and  sirloin  steak  from  different  animals,  as  purchased  in  the  market.  In  sampling, 
as  much  fat  as  possible  was  removed,  the  object  being  to  secure  a«  nearly  pure  mus- 
cular tissue  as  possible.  Even  though  as  much  fat  as  iK)ssible  waa  removed,  there 
still  remained  considerably  more  of  that  su])stance  in  some  of  the  samples  than  waa 
present  in  the  samples  from  the  rjmge  animal,  showing  that  the  animals  from  which 
these  samples  were  taken  were  in  much  better  condition  than  the  range  steer. 
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Table  Q.—Compcmtion  and  correct  protein  faHors  for  samples  of  pure  lean  round  and 

sirloin  steaJc, 


Name  of  cut 

Watex^free  substances. 

No. 

Ash. 

Ether 
extract 

Protein 
in  ether 
extract 
Nx6.'z5 

Pat 

Protein 
by  dif- 
ference. 

Protein 
bydi-    Correct 
rect  de-  protein 
termi-  i  factor 
nation   for  cat 
Nx6.26| 

647 

Round  steak  as  sold  In  market,  ani- 
mal No.  1 

Per  el. 

4.6 
4.6 
4.6 

Perct. 
8.2 
8.1 
9.8 

0.26 
.06 

PtrcL 
8.0 
8.0 
9.6 

PereL 
87.4 
87.6 
66.9 

PercL 
88.3 
87.8 
86.6 

6.19 
6.23 

6.27 

64£ 

Sirloin  steak  as  sold  in  market,  ani- 
mal No.  1 

649 

Sirloin  steak  as  sold  in  market,  ani- 
mal    No.    2.   ,..^.  .  .., nr  ,  .  .  r 

Average 

.16 

6l2J 

By  referring  to  Table  6  it  will  be  seen  that  the  average  protein  factor  for  these  sam- 
ples is  considerably  nearer  6.25  than  the  average  factor  for  the  range  animal.  Upon 
comparing  the  averages  for  the  corresponding  cuts,  however,  it  will  be  seen  that  there 
is  not  very  much  difference,  the  average  for  the  corresponding  cuts  from  the  steer 
being  6.19,  and  for  the  samples  from  the  shop  6.23. 

This  would  seem  to  confirm  the  statement  already  made  that  the  6.25  factor  is 
probably  more  nearly  correct  for  such  cuts  as  round  and  sirloin  steak,  in  which  the 
greater  portion  is  pure  muscular  tissue,  than  for  such  as  the  1^  and  flank,  in  which 
there  is  much  tendon  and  connective  tissue.  It  is  not  to  be  overlooked,  -however, 
that  the  comparatively  few  samples  analyzed  would  not  warrant  any  very  definite 
conclusions  in  this  connection. 

It  would  afford  an  interesting  study  to  dissect  out  portions  of  tendon,  pure  mus- 
cular tissue,  etc.,  and  compare  the  protein  factors  for  each. 

Mr.  Woods.  In  connection  with  the  paper  just  read,  I  am  afraid  we 
must  not  pin  too  much  faith  to  that  kind  of  work  unless  we  go  back 
somewhere  else.  If  we  take  meat  and  dry  it  at  the  temperature  of 
this  room  with  the  air  pump  you  will  lose  nitrogen.  Anywhere  from 
2  to  15  per  cent  of  the  nitrogen  in  the  meat  will  go  off  in  the  air;  and 
you  will  also  find  that  if  you  extract  meat  with  ether  it  will  give  off 
ether  extract  almost  indefinitely.  You  will  also  find  that  if  you  dry 
two  duplicate  samples  of  meat  in  a  stream  of  hydrogen,  and  in  one 
case  the  hydrogen  does  not  pass  through  the  dish,  they  will  not  agree. 
They  will  be  as  far  as  2  or  3  per  cent  apart  I  have  compared  760  of  these 
samples,  and  I  doubt  whether  we  can  do  very  much  in  just  this  way. 
We  have  got  to  separate  the  materials  and  study  them  by  themselves. 
We  have  got  to  experiment  upon  an  enormous  amount  of  meat 
before  we  can  learn  much  about  the  composition  of  it.  I  think  in 
order  to  study  this  matter,  interesting  and  painstaking  as  this  work 
is,  and  valuable  as  it  would  be  if  we  are  sure  of .  the  facts  back  of  it, 
we  have  got  to  take  it  with  considerable  allowance. 

Mr.  Goss.  If  it  is  true,  as  Mr.  Woods'  has  stated,  that  nitrogen  is 
lost  in  drying,  then  this  factor  should  be  even  less  than  6.15 — 6-25  is 
undoubtedly  too  much. 

Adjourned. 


Digitized  by 


Google 


101 

THIBB  DATS  PEOCEEDIKOS. 

President  Kedzie  called  the  association  to  order. 

The  president  called  for  the  report  on  foods  and  food  adulterations, 
by  Prof.  H.  A.  Weber.  Professor  Weber  was  not  present,  and  the 
secretary  stated  that  he  had  sent  no  report,  and  suggested  that  the  dis- 
cussion of  the  subje<5t  be  postponed,  to  be  held  in  connection  with  the 
report  of  the  committee  on  food  standards,  which  was  to  come  later. 

The  president  then  called  for  the  report  of  the  referee  on  insecti- 
cides and  fungicides.  In  the  absence  of  the  referee,  Dr.  de  Schweinitz, 
the  associate  referee,  Mr.  L.  A.  Voorhees,  presented  a  report,  which 
was  read  by  the  secretary,  as  follows: 

REPOET  ON  FUNGICIDES  AND  INSEOTIOIDES. 
By  Louis  A.  Voorhees,  Associate  Referee, 

The  Association  of  Official  Agricultural  Chemists,  until  its  third  annual  convention 
of  1886,  confined  its  efforts  and  the  scope  of  its  work  to  the  analysis  of  fertilizers. 
Committees  had  been  appointed  and  work  much  needed  at  that  time  had  been  done 
on  the  methods  of  determining  phosphoric  acid,  potash,  and  nitrogen.  At  this  third 
convention,  however,  the  importance  of  the  chemical  examination  of  cattle  foods  and 
dairy  products  caused  the  association  to  unanimously  adopt  such  changes  in  its  con- 
stitution as  to  permit  it  to  include  committees  on  these  and  other  materials  connected 
with  the  agricultural  industry;  and  since  this  time  we  find  the  importance  of  the 
work  causing  that  on  nitrogen  to  include  the  determination  of  nitrates,  ammonia 
salts,  and  organic  nitrogen,  and  their  availability;  that  on  potash  to  consist  of  a  strict 
and  discriminating  examination  of  the  various  steps  in  the  methods  and  variations 
applicable  to  the  various  salts  and  other  substances  to  be  met  with;  and  that  on 
phosphoric  acid  to  comprise  many  new  methods  and  to  embrace  the  determinations 
of  iron  and  alumina.  The  methods  for  the  examination  of  soils  and  ash  have  been 
assigned  to  a  separate  committee,  and  involve  the  determination  of  all  the  common 
mineral  constituents  of  plants  and  soils. 

Reporters  on  tanning  materials  and  on  sugar  have  been  established,  and  work  on 
cattle  foods  and  dairy  products  has  grown  to  the  extent  of  including  a  more  exhaust- 
ive examination  of  the  nitrogen-free  extract  in  the  case  of  the  former  and  a  search 
for  adulterations,  preservatives,  etc.,  in  both  cases.  This  has  naturally  led  to  the 
examination  of  food  intended  for  man,  so  that  fiour,  meal,  bread,  spices,  condiments, 
baking  powders,  vinegar,  etc.,  have  received  our  attention  in  response  to  the  demands 
of  our  station  workers  in  animal  industry  and  in  the  nutrition  of  plants,  the  lower 
animab,  and  man. 

In  the  meantime  our  coworkers  with  the  microscope,  the  botanists  and  entomolo- 
gists have  been  making  progress,  and  consequently  now  make  their  demands  of  the 
analytical  chemist.  At  the  time  of  the  third  convention  referred  to  (1886)  there 
were  barely  half  a  dozen  scientific  men  in  the  United  States  working  from  an  eco- 
nomic standpoint  on  the  problem  of  plant  diseases,  their  injuries,  life  histories,  char- 
acteristics, and  preventives. 

When  in  1888  the  experiment  stations  were  established  in  the  various  States,  the 
subject  of  plant  diseases  was  at  once  recognized  as  one  of  the  important  lines  of 
work,  it  being,  in  fact,  specially  mentioned  in  the  organic  law  upon  which  they  were 
founded;  and  in  many  stations  investigators  at  once  began  work  upon  the  problems 
involved.     Results  of  inunense  practical  importance  have  already  been  obtidned  in 
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these  investigations  and  experiments,  and  it  is  safe  to  say  that  had  the  experiment 
stations  done  nothing  more  for  agriculture  than  to  obtain  these  and  other  similar 
results  concerning  plant  diseases,  the  money  spent  upon  them  by  the  Government 
would  have  been  wisely  invested. 

Likewise,  as  the  experiment  stations  were  organizeil  and  the  agricultural  colleges 
were  enlarged  and  strengthened  by  Government  assistance,  the  vital  importance  of 
economic  entomology  to  successful  agriculture  became  recognized.  The  increase  in 
noxious  insects  from  various  causes,  not  the  least  of  which  is  their  enormous  power 
of  multiplication,  led  to  a  constantly  increasing  injury  to  cultivate<^l  crops.  With  this 
increase,  however,  our  knowledge  of  controlling  them  has  also  been  augmented  with 
the  passing  years.  Spraying  has  become  a  recognized  part  of  the  season's  oj)erations, 
as  much  so  as  fertilizing  and  cultivating,  and  hence  demands  and  receives  very  large 
attention  from  the  workers  of  the  agricultural  experiment  stations,  and  worthily, 
since  in  many  sections  the  depredations  of  insects  and  blight  of  fungi  prevail,  whereas 
the  questions  of  artificial  fertilization  are  there  just  arising. 

With  the  increase  in  the  use  of  "chemicals'*  as  fungicides  and  insecticides,  the 
mycologist  and  entomologist  have  become  more  and  more  in  need  of  the  assistance 
of  the  analyst;  the  temptation  to  adulterate  is  greater  than  when  comparatively  small 
amounts  of  these  chemicals  were  used  by  the  agricultural  public;  imitations  have 
l)een  devised,  and  the  mixtures  and  combinations  of  chemicals  have  been  prepared 
and  put  upon  the  market  "  ready-made."  Recognizinor  this  increasing  field  of  agri- 
cultural chemistry,  analytical  control  (jxarticularly  of  arsenicals)  has  lxH»n  estab- 
lished in  some  States  after  the  manner  of  the  fertilizer  control,  and  at  its  last  meeting 
this  association  took  the  matter  under  consideration  and  appointed  a  referee  and 
associate  to  study  the  methods  to  be  employed.  It  is  to  be  regretted  that  sufficient 
time  has  not  Ix^en  available  to  give  the  subject  exhaustive  treatment,  and  that  this 
report  is,  therefore,  but  introductory. 

The  principal  chemicals  and  other  substances  in  use  by  entomologists  and  mycolo- 
gists at  the  present  time  are  contained  in  the  following  list,  which  may,  however,  be 
incomplete: 


Sodium  carbonate. 

Sodium  hydroxid  (soda  lye) . 

Sulphur,  flowers  of. 

Sulphuric  acid. 

Carbolic  acid. 

Fish  oil. 

Formalin. 

Kerosene  oil  and  crude  petroleum. 


Ammonia  (aqua). 

Arsenicals. 

Calcium  ox  id  (fresh  lime). 

Carbon  disulphid. 

Copper  carl)onate. 

Copper  sulphate  (blue  stone). 

Lead  acetate  (sugar  of  lead) . 

Mercuric  chlorid  (corrosive  sublimate) . 

Potassium  cyan  id.  '  Pyre  thrum. 

Potassium  sulphid.  Tobacco  preparations. 

Potassium  hydoxid  (potash  lye) .  White  hellebore. 

Of  these  materials  practical  experience  seems  to  indicate  that  ammGnia  water, 
fresh  lime,  carbon  disulphid,  copper  sulphate,  lead  acetate,  mercuric  chlorid,  potas- 
sium sulphide,  sodium  carbonate  and  hydroxid,  flowers  of  sulphur,  sulphuric  acid, 
carbolic  acid,  fish  oil,  kerosene,  crude  [wtroleum,  pyrethrum,  and  white  helle- 
bore are  either  sufficiently  uniform  in  quality  or  are  of  the  strength  designated  by 
the  manufacturer.  On  the  other  hand,  copi)er  carbonate  could  be  adulterated. 
Potassium  cyanid  ranges  from  68  to  98  jier  cent  of  purity,  which  is  of  importance  to 
the  nurseryman  in  fumigating  his  houses,  not  only  because  the  hydrocyanic  gas  may 
be  diminished  in  amount,  but  also  because  of  the  injury  to  his  stock  from  the  dele- 
terious gases  which  may  be  liberateil  from  the  impurities,  and  98  per  cent  pure  should 
always  be  insisted  upon.  ' '  Potash  lye, "  in  the  trade,  has  been  found  in  many  instances 
to  be  sodium  hydrate,  which  concerns  not  the  mycologist  so  much  as  the  entomolo- 
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gist  in  niakiiigup  a  *'  whale  oil  "  soft  soap.  Formalin  is  suppose<i  to  be  a  40  per  cent 
solution  of  formaldehyde  in  water,  but  its  uniformity  has  lx?en  questioned,  since  it 
has  sometimes  failed  to  preserve  specimens  in  the  laboratory.  Tobacco  and  tobacco 
preparations  depend  for  their  efficiency  largely  upon  the  nicotin  which  they  may 
contain,  and  there  are  also  various  imitations  and  ready-made  preparations  (proprie- 
tary) on  the  market  which  demand  analysis. 

But  the  materials  which  are  most  in  need  of  examination  and  control  are  the 
arsenicals — Paris  green,  I^ndon  purple,  and  the  various  substitutes  and  imitations 
are  extremely  variable.  In  1897,  11  samples  of  Paris  green  were  examined  by  Prof. 
William  S.  Myers,  of  Rutgers  College,  for  the  entomologist  of  this  station,  and  to 
his  report  was  appended  the  following  comment:* 

The  alx)ve  result.s  varying  so  widely — from  41 .54  per  cent  of  arsenious  oxide  to  68.59 
percent — seemed  diffi(!ult  to  understand  on  first  comparisons.  According  to  the  last 
e<lition  of  the  IJnite<l  States  Disi)ensat<)r>',  Paris  green  is  the  aceto-arsenite  of  copper. 
The  theoretical  percentage  of  arsenious  o'xid  -n  it  is  58.65.  The  Massachusetts  Report 
for  1895  gives  the  average  of  a  number  of  samples  as  59.94  per  cent,  and  Mr.  Cathcart, 
in  the  New  Jersey  Experiment  Station  Report  for  1890,  who  states  that  there  are  two 
couipounds  S(>ld  under  the  name  of  "  Paris  green"— the  arseniteas  well  as  the  aceto- 
arsenite  of  copper — finds  as  high  as  68.82  ])t»r  cent  of  arsenious  ox  id  in  a  sample. 
The  arsenite  of  copper,  according  to  Sharpies  (Chemical  News,  35,  88-108) ,  contains 
only  41.93  i)er  cent  of  arsenious  oxid,  but  is  subject  to  wide  variation  in  composition 
ami  purity,  depending  upon  the  degree  of  concentration  of  the  liquid  from  which  the 
bfxlv  is  crystallized.  With  no  water  of  crystallization,  the  arsenious  oxide  may  run 
as  high  in  the  pure  pigment  as  52.95  per  cent. 

Bloxam  and  older  authorities  have  published  fonnulas  requiring  from  50  per  cent 
to  70  per  cent  of  arsenious  oxid.  According  to  Wagner,  the  other  body,  the  aceto- 
arsenite  of  copj:)er,  is  only  an  empirical  formula,  in  which  the  copper  hmy  exist  as 
suboxid  and  the  arsenic  be  present  as  arsenate.  Here  is  also  an  opportunity  for 
cf)iisiderable  variation  from  the  theoretical  per  cent  of  58.65.  It  is  not,  therefore, 
surprising  to  find  wide  variations  in  the  (commercial  products,  when  we  have  three 
possible  theoretical  figures,  viz,  41.93  jwr  cent,  52.94  jKjr  cent,  and  58.65  per  cent,  and, 
when  actual  figures  have  been  obtained,  as  high  as  59.94  per  cent' and  68.82  percent. 
We  have  no  reason  to  believe,  consequently,  that  the  samples  were  adulterated. 

In  a^ldition  to  the  Paris  green  there  are  found  on  the  market  many  preparations  in 
imitation  of  or  as  substitutes  for  it.  The  Maine  Exijeriment  Station  (Bulletin  52, 
p.  6)  notes  the  following:  *' Green  arsenite,"  "  Paragrene,"  "Emerald  green," 
"  Arsenite  of  soda,"  and  **  Arsenate  of  lead."  Green  arsenite  is  the  plain  arsenite  of 
copper,  as  noted  in  Professor  Myers's  comment  above,  but  the  New  York  Experiment 
Station  at  Geneva  (Bulletin  158,  p.  14)  notes  that  "  Lead  arsenite  is  also  colored  and 
sold  under  the  incorrect  name  'green  arsenite.'  "  In  addition,  "  New  process  Paris 
green,  Lion  Brand,"  and  ''Laurel  green,"  analyzed  at  the  Kentucky  Agricultural 
Experiment  Station  (Tenth  Annual  Report,  1897,  pp.  xx,  xxi),  are  shown  to  be 
mixtures  containing  little  Paris  green,  if  any. 

The  Adler  Color  and  Chemical  Works  have  recently  put  upon  the  market  an 
arsenate  of  lead,  an  arsenite  of  lead  (which  they  call  "  Pink  arsenoid  "),  an  arsenite 
of  copper  ("Green  arsenoid  ") ,  and  an  arsenite  of  barium  ("  White  arsenoid  ") . 

From  all  of  this  it  would  seem  that  analytical  work  on  insecticides  and  fungicides 
is  mucli  needed,  and  at  present  should  include  the  following  determinations:  Copper, 
cyanogen,  alkalies,  formalin,  nicotin,  and  arsenic. 

On  account  of  the  absence  of  the  referee  for  this  subject,  and  the  earliness  of  the 
convention  of  the  association,  there  has  been  no  time  for  analytical  work  in  these 
directions,  but  the  following  methods  are  i)ropose<l  for  study  and  experiment. 

A  qualitative  analysis  should  precede  in  most  cases,  especially  in  unfamiliar 
goods,  and  may  for  some  purposes  take  the  place  of  the  quantitative  determination. 
The  regular  tests  maybe  used.  Wendell  Paddock  (New  York  Exp.  Sta.,  Bulletin 
121,  p.  219)  proposes  the  following  quick  test,  though  not  infallible,  of  the  purity  of 
paris  green: 

IN.  J.  Exp.  Sta.  Rt»port,  1897,  p.  408. 
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Pare  Paris  green  will  readily  difisolize  in  ammonia,  and  the  solution  will  be  of  a 
deep  blue  color.  If  there  is  any  residue  left,  or  if  the  solution  does  not  become  blue 
at  once,  adulteration  may  be  suspected. 

Formaldehyde  may  be  qualitatively  detected  in  an  unknown  solution  by  the  tests 
described  on  page  113  of  the  proceedings  of  the  convention  of  this  asBociation  in 
1897  (Bulletin  No.  61,  Division  of  Chemistry). 

QU ANTTT ATI v k  METHODS. 

The  following  quantitative  methods  are  suggested: 

Copper. — Determine  copper  as  cuprous  sulphid  by  Rose's  method,  Fres,  Qoant. 
Anal.,  edition  of  18S6,  page  316.  This,  slightly  modified,  is  as  follows:  Precipitate 
the  solution — which  is  best  moderately  acid,  but  should  not  contain  a  great  excess  of 
nitric  acid — ^according  to  the  quantity  of  copper  present,  either  by  the  addition  of 
strong  hydrogen  sulphid  water  or  by  passing  the  gas.  In  the  absence  of  nitric  acid 
it  is  well  to  heat  nearly  to  boiling  while  the  gas  is  passing,  as  this  makes  the  precipi- 
tate denser,  and  it  is  more  easily  washed.  When  the  precipitate  has  fully  subsided, 
and  you  have  made  sure  that  the  supernatant  fluid  is  no  longer  colored  or  precipi- 
tated by  strong  hydrogen  sulphid  water,  filter  quickly,  wash  the  precipitate  without 
intermission  with  water  containing  hydrogen  sulphid,  and  dry  on  the  filter  with 
some  expedition.  Transfer  to  a  weighed  porcelain  crucible,  add  the  filter-ash  and 
some  pure  powdered  sulphur,  and  ignite  gently  while  the  sulphur  vapor  is  burning 
quietly  around  the  crack  in  the  cover.  Ah  soon  as  this  has  ceased  heat  strongly  for 
five  minutes,  allow  fo  cool  in  the  stream  of  hvdrogen,  and  weigh  the  cuprous  sulphid 
(Cu,S). 

Potassium  cyanid. — Determine  purity  by  Liebig's  volumetric  method.  It  is  based 
on  the  fact  that  when  a  solution  of  silver  nitrate  is  added  to  an  alkaline  solution  con- 
taining cyanogen,  with  constant  stirring,  no  permanent  precipitate  of  silver  cyanid 
occurs  until  all  the  cyanogen  has  combined  with  the  alkali  and  the  silver  to  form  a 
soluble  double  salt  (in  the  presence  of  potash,  for  example,  KCy,  AgCy) .  If  the 
slightest  excess  of  silver  over  and  above  the  quantity  required  to  form  this  combina- 
tion be  added,  a  permanent  precipitate  of  silver  cyanid  occurs,  the  double  com- 
pound being  destroyed.  If,  therefore,  the  silver  solution  be  of  known  strength,  the 
quantity  of  cyanogen  present  is  easily  found;  1  eq.  of  silver  in  this  case  being  equal 
to  2  eq.  cyanogen. 

*'So  fast  is  this  double  combination  that  when  sodic  chlorid  is  present  no  per- 
manent precipitate  of  silver  chloride  occurs  until  the  quantity  of  silver  necessary  to 
form  the  c()mi>ound  is  slightly  overstepped."  (Sutton's  Volumetric  Analysis,  edi- 
tion of  1890,  p.  173,  which  see  for  further  details,  and  also  Fresenius  Quant.  Anal., 
edition  of  1886,  p.  460.) 

Alkalies  and  alkalinity. — Any  of  the  standard  methods  may  be  used  both  for  the 
alkalies  and  for  the  alkalinity  of  the  ash  of  the  various  soap  preparations. 

Formalin. — Employ  the  metho<i  of  Blank  and  Finkenbeiner  (Ber.  31,  (17)  (2979), 
of  which  the  following  is  an  al>stract: ' 

Three  grams  of  the  solution  are  weighed  off  into  a  tall  Erlenmeyer  flask  containing 
25  to  30  cc  of  double  normal  sodium  hydroxid;  50  cc  of  pure  2.5  to  3  per  cent  hydro- 
gen peroxide  solution  are  then  gradually  added  during  a  space  of  three  minutes 
through  a  funnel  placed  in  the  neck  of  the  flask  to  prevent  spurting.  After  standing 
two  or  three  minutes  the  funnel  is  washed  with  water  and  the  unused  sodium 
hydroxid  titrated  with  double-normal  sulphuric  acid,  using  litmus  as  indicator. 

When  analyzing  solutions  containing  less  than  30  per  cent  of  formaldehyde,  the 
mixture  must  be  allowed  to  stand  ten  mmutes  after  adding  the  hydrogen  peroxid 
to  complete  the  reaction. 


1  Journal  of  the  Society  of  Chemical  Industry,  Vol.  XVIII,  No.  1  (Jan.  31,  1899), 
p.  79. 
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The  percentage  of  formaldehyde  is  found  by  multipljdng  the  number  of  cubic 
oentimeterg  of  soda  solution  used  by  2  when  3  ^ms  of  sub^ance  are  taken. 

Acetaldehvde  reacts  much  more  slowly  with  the  re^nt  than  formaldehyde,  and 
it  is  doubtful  whether  the  reaction  is  quantitative.  Paraldehyde  reacts  still  more 
slowly  with  hydrogen  peroxide,  even  in  the  presence  of  a  trace  of  ferrous  salt. 
Benzaldehyde  is  acted  upon  more  quickly,  particularly  in  presence  of  ferrous  sul- 
phate, and  a  considerable  evolution  of  gas  tiEtkee  place,  but  a  long  time  is  needed  to 
complete  the  reaction. 

NicoHn. — No  work  has  been  done  in  this  direction  which  warrants  a  change  from 
the  method  proposed  by  Kissling,  which  was  found  by  McElroy  to  be  the  most  sim- 
ple and  reliable,^  but  it  is  suggested  that  the  modification  proposed  by  Prof.  A.  L. 
Winton  on  p.  125  of  the  proceedings  of  the  last  convention  of  this  association'  be 
given  a  comparative  trial. 

Arsenic, — By  precipitation  with  hydrogen  sulphid  and  weighing  as  arsenious 
sulphid.  This  method  is  applicable  to  Paris  green  and  other  compounds  of  arsenic 
with  metals  of  Group  V,  except  mercury.  (Compare  Fresenius  Quant.  Anal.,  edition 
of  1886,  p.  350  and  p.  556.)  Dissolve  with  hydrochloric  acid;  heat  the  solution  in  a 
flask  (preferably  on  an  iron  plate  or  similar  arrangement)  to  about  70°  C.  and  conduct 
hydrogen  sulphid  at  the  same  time  into  the  fluid  as  long  as  precipitation  takes 
place.  The  precipitate  formed  is  a  mixture  of  sulphur  and  arsenious  sulphid,  with 
the  sulphids  of  the  metals  of  Group  V.  Spread  out  the  filter  in  a  porcelain  dish 
with  watch-glass  cover,  and  digest  over  a  water  bath  with  sodium  sulphid  solution. 
Decant  and  repeat  the  digestion  two  or  three  times.  Finally  add  some  water,  filter 
off  with  clear  solution  and  wash  the  residue  with  hydrogen  sulphid  w^ater.  This 
residue  is  to  be  examined  for  metals  of  the  fifth  group.  If  only  copper  is  present,  the 
precipitate  may  be  immediately  dried,  burned,  and  weighed  as  cuprous  sulphid,  as 
already  described. 

The  sodium  sulphid  solution  is  warmed  and  made  acid  with  hydrochloric  acid, 
which  reprecipitates  the  arsenious  acid  and  a  large  amount  of  free  sulphur.  Filter 
and  wash;  extract  the  still  moist  precipitate  on  the  filter  with  ammonia,  wash  the 
residual  sulphur,  reprecipitate  the  solution  with  hydrochloric  acid  without  heat, 
filter  on  a  Gooch  crucible,  dry,  extract  the  remaining  free  sulphur  with  carbon 
disulphid,  dry  at  100°  C.  and  weigh,  repeating  the  extraction  and  drying  until 
constant  weight  is  secured.  From  the  arsenious  sulphid  (As^Sj)  compute  arsenious 
oxid  (AsjOj). 

If  small  quantities  of  copper,  etc.,  are  to  be  separated  from  much  arsenic,  the  follow- 
ing is  a  better  method:  Dissolve  with  hydrochloric  acid  and  oxidize  with  potassium 
chlorate;  then  pass  the  hydrogen  sulphid  for  a  short  time.  The  copper  is  precipitated 
before  the  arsenic  begins  to  come  down.  If  the  latter  is  questioned,  there  is  a  much 
smaller  precipitate  to  Ije  extracted  with  a  little  sodimn  sulphid  solution;  the  extract 
thus  obtained  is  to  be  acidified  with  hydrochloric  acid  and  added  to  the  former  filtrate 
containing  the  principal  quantity  of  the  arsenic.  Then  proceed  to  precipitate  the 
arsenic  with  hydrogen  sulphid. 

At  the  conclusion  of  the  report  of  the  referee  the  president  called 
for  papers  on  this  subject.  None  being  presented,  discussion  was  called 
for. 

Professor  Colby  asked  if  the  methods  recommended  by  the  referee 
applied  to  the  determination  of  free  arsenious  acid. 

The  secretary  said  that  no  special  method  was  given  for  that,  but 
that  the  general  method  employed  would  be  able  to  distinguish  the 
free  arsenious  acid  from  the  acid  in  combination. 


*  Wiley,  Principles  and  Practice  of  Agricultural  Analysis,  Vol.  Ill,  p.  606. 
■  Bull.  56,  Division  of  Chemistry,  U.  S.  Dept.  of  Agriculture. 
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Mr.  Ejllx^ore.  1  will  say  a  few  words  in  regard  to  the  existence  of 
free  arsenic  in  insecticides.  The  best  work  which  this  association  could 
do  would  be  to  determine  the  definite  form  of  the  compounds  in  the 
arsenical  insecticides.  The  foliage  of  plants^  as  is  well  known,  is 
injured  by  soluble  arsenical  compounds,  such  as  free  arsenic,  whereas 
the  insoluble  compounds  do  not  in  any  way  injure  the  leaves.  For 
instance,  the  arsenic  in  London  purple  is  partly  soluble,  especially 
when  the  London  purple  is  made  as  a  by-product  in  the  manufacture 
of  aniline.  Wherever  there  is  any  suspicion  of  the  presence  of  free 
arsenical  compounds  it  is  advisable  to  treat  the  insecticide  with  lune 
before  use;  this  treatment  producing  an  insoluble  arsenical  compound 
of  lime.  I  have  found  that  in  the  substance  sold  as  London  purj)Ie 
there  is  a  residue  from  the  manufacture  of  aniline  that  is  a  rose  aniline 
compound  of  arsenic  which  is  soluble  in  water.  The  addition  of  lime 
decoitiposes  this  soluble  compound  and  makes  an  arsenate  of  lime 
which  is  innocuous,  so  far  as  the  foliage  is  concerned,  yet  deadly  to 
insects. 

Professor  Blouin  stated  that  Louisiana  had  a  law  regulating  the  side 
of  Paris  green,  and  requiring  that  there  should  be  a  minimimi  content 
of  arsenic  of  50  per  cent.  He  had  the  suspicion  that  phosphoric  acid 
was  sometimes  added  as  a  substitute  for  arsenic,  since  some  of  the 
methods  of  precipitation  of  arsenic  precipitated  also  phosphoric  acid 
as  a  simple  compound.  This  was  especially  true  of  precipitates  formed 
by  molyl)dic  acid  and  its  compounds.  He  briefly  described  the 
methods  of  analysis  emplo^'ed  by  him  in  the  work  in  Louisiana. 

Mr.  Shaw.*  The  Oregon  station  has  done  a  limited  amount  of  work 
upon  insecticides,  principally  upon  Paris  green  and  the  relative  alka- 
linity of  commercial  concentrated  lyes.  Our  examination  of  the  Paris 
green  sold  in  our  markets  shows  that  about  4A  per  cent  was  below 
standard.  The  most  common  adulterant  proved  to  be  gypsiun.  There 
was  a  wonderful  difference  in  the  physical  appearance  even  of  the 
material  which  was  up  to  standard.  That  in  which  the  granules  were 
small  was  always  of  a  paler  color  than  when  the  granules  were  large. 
In  some  of  the  Paris  greens  of  our  market  there  were,  without  doubt, 
evidences  of  considerable  free  arsenic  which,  while  it  might  add  to  its 
poisonous  qualities,  would  also  give  greater  tendency  to  burn  the  foli- 
age and  therefore  render  a  condition  of  that  kind  undesirable.  We 
have  obtained  good  results  b}^  oxidizing  with  potassium  chlorate 
removing  chlorin  and  precipitating  with  magnesia  mixture  after  making 
alkaline  with  ammonia.  It  was  found  necessary  to  be  very  careful 
in  the  removal  of  the  chlorine  before  adding  the  precipitating  reagent 
We  also  found  it  necessary  to  moisten  the  filter  paper  with  a  solution 
of  ammonium  nitrate  before  burning.  Our  work  on  concentrated  com- 
mercial lyes  has  not  been  done  in  the  way  of  complete  analysis,  but 
rather  confined  to  the  total  alkalinity  or  the  amount  of  pure  alkali  to 
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the  pound  of  lye.  We  have  found  a  wonderful  variation  not  only 
from  the  strength  which  might  ]>o  expected  from  a  good  quality  of 
tye,  but  also  strength  claimed  ])y  manufacturers. 

The  president  called  attention  to  the  use  of  insecticides  in  Michigan, 
and  stated  that  injury  to  the  foliage  by  the  use  of  soluble  arsenical 
compounds  had  frequently  been  obseiTed.  lie  described  briefly  the 
methods  of  preparing  the  lime  insecticides. 

The  recommendations  of  the  referee  on  fungicides  and  insecticides 
were  referred  to  the  committee  on  reconmiendations,  with  request  to 
report  before  the  adjournment  of  the  morning  session. 

The  report  of  the  referee  on  dairy  products  was  then  called  for. 

The  referee,  Mr.  J.  "B.  Weems,  not  being  present,  his  report  was 
read  b}-  the  secretarv,  as  follows: 

EEPOET  OF  EEPEEEE  ON  DAIEY  PEODUOTS  FOE  1899. 

By  J.  B.  Weem.s,  Kefercp. 

In  reviewing  the  work  of  the  association  relating  to  the  investigation  of  subjects 
connected  with  dairy  products  one  finds  that  the  first  report  on  the  subject  was 
made  by  Dr.  H.  W.  Wiley  as  reporter,  at  the  fourth  convention  in  1887.  The  work 
of  this  year  consisted  in  the  (•omparis<jn  of  the  results  from  eight  analysts  who  tested 
lour  samples  of  butter,  butterine,  and  oleomargarine  sent  to  them  by  the  reporter. 
The  tests  made  upon  the  samples  were  the  detennination  of  specific  gravity,  melting 
point,  volatile  acids,  soluble  acids,  insoluble  acids,  salt,  and  curd. 

In  1888  Dr.  Wiley  was  again  the  reporter  on  this  subject.  The  report  was  a  r(?sum6 
of  the  work  during  the  year,  as  no  samples  were  sent  out  to  the  meml)ers  of  the 
association. 

At  the  annual  convention  in  1889  Dr.  AViley  made  his  third  report  as  rejwrter  on 
dairy  products.  The  work  of  this  year  consistecl  in  the  examination  of  one  sample 
each  of  oleomargarine,  butterine,  and  butter.  The  results  of  the  determination  of 
the  si)ecific  gravity,  melting  point,  and  volatile  acids  were  received  from  twenty-two 
analysts  and  compared  in  this  reiK>rt. 

Dr.  E.  IT.  Jenkins  was  the  reporter  on  dairy  protlucts  at  the  convention  in  1890, 
and  in  his  report  it  is  found  that  eleven  analysts  made  determinations  of  water, 
c«sein,  fat,  ash,  and  salt  in  one  sample  of  creamery  butter  sent  to  them. 

In  1891  Prof.  W.  W.  Cooke  was  the  reporter.  The  work  of  the  year  was  upon 
the  determination  of  solids,  fat,  casein,  sugar,  and  ash,  in  one  sample  of  milk. 
Results  were  received  Innw  ten  chemists,  and  in  their  work  the  analysts  made  deter- 
minations of  solids  in  the  milk  by  drying  at  a  temi)erature  of  100°  and  105°  with 
sand  and  asl)estus.  The  amount  of  fat  obtained  by  dr>ung  on  paper,  sand,  and  asl)e8- 
tus,  and  then  extracting  with  ether  were  compared,  also  the  results  obtained  by  the 
Babcock,  Parsons,  and  Beimling  methods. 

At  the  ninth  convention  Prof.  S.  M.  Babcock  ma^le  the  report  for  the  year,  and  con- 
sideration was  given  to  the  following: 

(1)  The  comparison  of  the  results  obtained  by  the  Leffman-Beam  method  of  saponi- 
fication with  those  obtained  by  the  official  method. 

(2)  The  comparison  of  the  results  obtained  by  using  glass  and  block-tin  condensers 
in  the  determination  of  volatile  acids  in  butter  fat. 

(3)  The  necessity  of  melting  the  free  fatty  acids  before  distillation. 

(4)  The  comparison  of  methods  of  cheese  analysis. 


Digitized  by 


Google 


108 

During  this  year  no  eamples  were  sent  out  by  the  reporter.  Results  were  received 
from  five  chemists.  These  results  indicated  that  in  the  comparison  of  the  Leffman- 
Beam  method  with  the  official,  the  Leffman-Beam  method  gave  results  which  were 
0.84  cc  lower  than  the  official  method.  The  results  obtained  from  the  use  of  glass 
and  block-tin  condensers  indicated  that  the  results  obtained  with  the  block-tin 
condenser  were  lower  than  those  with  the  glass  condenser.  No  definite  conclusion 
was  reached  on  the  question  of  melting  the  free  fatty  acids  before  distillation. 

The  work  on  the  methods  of  cheese  analysis  included  a  comparison  of  the  results 
obtained  in  drying  cheese  over  sulphuric  acid  and  at  100**,  the  drying  of  the 
extracted  residue  over  sulphuric  acid  and  at  a  temperature  of  100®,  and  a  comparison 
of  results  obtained  by  the  Babcock  and  Short  methods.  The  report  made  at  the 
tenth  convention  in  1893  was  by  Mr.  A.  L.  Winton  and  consideration  was  given  to 
the  following  subjects: 

(1)  The  drying  of  cheese  and  ether  extract  in  air  and  hydrogen. 

(2)  The  determination  of  solids  and  fat  in  milk  by  means  of  asbestus  in  a  perfo- 
rated metal  cylinder. 

(3)  The  comparison  of  results  obtained  by  the  direct  determination  of  solids  in  milk 
and  the  calculation  of  the  same  from  the  specific  gravity  and  the  i)ercentage  of  fat 

In  the  investigation  of  the  methods  of  drying  cheese  it  was  found  that  the  results 
were  about  the  same  when  dried  in  air  and  hydrogen.  Some  of  the  samples  were 
found  to  lose  weight  when  dried  for  forty  hours,  while  most  of  the  water  w^as  lost  in 
four  hours.  The  method  of  drying  milk  on  asbestus  in  a  perforated  cylinder  for 
the  determination  of  solids  and  the  extraction  of  the  same  for  the  fat  is  summed  up  in 
the  report  with  the  statement  **  for  simplicity  and  convenience  the  cylinder  method 
can  hardly  be  equaled."  The  results  obtained  from  extracting  the  solids  of  milk 
dried  in  air  and  hydrogen  were  practically  the  same.  The  result  of  the  investiga- 
tion on  the  comparison  between  the  direct  determination  of  solids  in  milk  and  that 
calculated  from  the  specific  gra\'ity  and  the  percentage  of  fat  showed  that  the  formula 
of  Hehner  and  Richmond  gave  the  most  satisfactory  results. 

Prof.  E.  H.  Farrington  was  the  reporter  on  dairy  products  at  the  eleventh  annual 
convention.  The  work  of  this  year  was  a  repetition  of  a  part  of  the  work  of  the 
previous  year  and  consisted  of  a  comparison  of  the  results  obtained  by  the  direct 
determination  of  solids  in  milk  with  those  calculated  from  the  specific  gravity  and 
the  percentage  of  fat  by  the  formulas  of  Fleischmann,  Babcock,  Hehner  and  Rich- 
mond, and  Richmond.  In  addition  to  this  work  there  was  an  investigation  in  which 
the  results  obtained  by  extracting  the  fat  of  milk  dried  on  sand  and  asbestus  were 
compared  with  the  results  obtained  by  the  Babcock  method.  The  result  of  the 
work  of  the  year  showed  that  the  comparison  between  the  direct  determination  of 
solids  in  milk  and  the  calculation  from  the  specific  gravity  and  percentage  of  fat 
was  in  favor  of  the  formula  of  Hehner  and  Richmond.  The  comparison  of  the  results 
obtained  by  the  usual  gravimetric  methods  with  those  from  the  Babcock  method  in 
the  determination  of  fat  in  milk  resulted  in  a  very  satisfactory  manner.  In  a  series 
of  experiments  to  determine  whether  there  is  any  loss  of  fat  in  the  souring  of  milk, 
it  was  found  that  there  w^as  practically  no  loss  when  milk  had  been  kept  for  three 
months. 

In  the  investigation  of  the  question  whether  the  solids  of  milk  change  when  allowed 
to  sour  on  sand  and  asbestus,  it  was  indicated  that  •*  there  was  a  decrease  from  day 
to  day  in  the  percentage  of  solids  and  ether  extract  found  in  milk  weiglied  and 
allowed  to  sour  on  sand,  while  in  that  treated  in  the  same  manner  with  asbeetus  the 
decrease  was  much  smaller." 

Prof.  E.  H.  Farrington  was  the  referee  on  dairy  products  for  the  second  time  at 
the  annual  convention  in  1895.  A  circular  letter  was  sent  to  fifty  chemists,  in  which 
the  suggestion  was  made  that  "  it  is  your  reporter's  opinion  that  more  and  better 
work  may  be  done  if  each  chemist  will  send  to  him,  on  or  before  August  1,  1895, 
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a  report  on  Bome  work  of  his  own  selection,  rather  than  for  me  to  attempt  to  sup- 
ply samples  and  directions  for  investigations." 

The  topics  to  which  attention  was  invited  by  the  referee  were  as  follows: 

Cheese  analytis : 

'  1.  By  the  Babcock  test. 

2.  By  drying  at  100^  C.  and  extracting. 

3.  By  provisional  method  adopted. 
,4.  By  modification  of  provisional  method  adopted. 

U.  Determination  of  acid  in  cheese. 

III.  Determination  of  different  classes  of  nitrogen  compounds. 
The  determinaiion  oj  albuminoids  in  milk: 
I.  What  is  the  correct  factor  for  casein  and  albumin  ? 

II.  Does  the  Ritthausen  method  precipitate  all  the  albuminoids  and  in  a  state  of 
'  purity? 

III.  How  are  the  casein  and  albumin  best  determined  separately  7 

IV.  What  is  the  amount  of  nonalbnminoid  nitrogen  in  milk  ? 

There  was  only  one  result  from  the  letter  of  the  reporter,  and  that  was  a  com- 
munication from  Prof.  S.  M.  Babcock  on  the  comparison  of  results  from  the  direct 
determination  of  solids  in  milk  and  the  calculations  of  the  same  from  the  specific 
gravity  and  percentage  of  fat. 

The  reporter  for  the  thirteenth  annual  convention  was  Dr.  L.  L.  Van  Slyke.  In 
the  work  of  this  year  consideration  was  given  to  the  analysis  of  cheese,  and  special 
attention  to  the  preparation  of  sample  and  determination  of  fat,  and  some  study  of 
the  acidity  of  cheese. 

The  following  met'hods  for  the  determination  of  fat  in  cheese  were  considered: 

I.  The  present  provisional  method  (1895) . 
II .  The  same,  modified. 

III.  The  extraction  of  fat  after  drying. 

IV.  The  Babcock  test. 

The  provisional  method  was  at  that  time,  stated  briefly,  as  follows:  **  The  sample 
of  cheese  was  ground  with  about  twice  its  weight  of  anhydrous  copper  sulphate 
and  then  extracted  with  ether."  The  proposed  modification  had  for  its  object  the 
prevention  of  possible  loss  of  fat,  by  grinding  the  weighed  sample  after  most  of  the 
fat  had  been  extracted. 

The  extraction  after  drying  was  as  follows:  Weigh  out  2  to  5  grams  of  cheese,  dry 
at  a  temperature  of  boiling  water  for  ten  hours,  then  extract  with  ether.  After  five 
hours  remove  the  cheese  and  grind  with  some  incinerated  sand.  Replace  in  flask 
and  continue  extraction  for  ten  hours  longer.    The  results  obtained  from  the  work  of 

three  chemists  were  as  follows: 

Per  cent 

Provisional  method 38.65 

Provisional  method  modified 39.23 

Extraction  aft^  drying 39.69 

Babcock  test 39.81 

The  results  of  the  work  as  a  whole  indicated  that  in  the  extraction  methods  the  fat 
of  cheese  is  not  entirely  extracted. 

The  report  on  dairy  products  at  the  fourteenth  annual  convention  was  made  by 
Dr.  L..  L.  Van  Slyke  as  referee.  This  report  was  limited  to  the  determination  of 
cafiein  and  albumin  in  milk.  As  a  result  of  the  work  of  the  year  the  referee  made  a 
number  of  recommendations,  among  which  were  the  following: 

1.  That  the  provisional  method  for  determining  casein  in  cow's  milk  be  made 
official. 

2.  That  the  modified  provisional  method  for  determining  albumin  in  cow's  milk  be 
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subetitutecl  as  a  provisional  method  for  the  present  provisional  niethotl,  and  that 
further  cooperative  work  be  done  on  the  detennination  of  albumin. 

3.  That  the  magnesium  sulphate  method  for  determining  casein  in  cow's  milk  be 
made  an  official  optional  method. 

In  addition  to  the  report  on  the  investigation  of  methods  for  the  determination  of 
casern  and  albumin  in  cow's  milk,  the  referee  considered  the  question  of  adulteration 
in  dairy  products,  and  called  especial  attention  to  the  methods  for  the  detection  of 
adulteration  in  milk,  butter,  and  cheese. 

Prof.  C.  L.  Penny  made  the  report  on  dairy  products  as  referee  at  the  fifteenth 
annual  convention  in  1898.  The  work  of  the  year  was  a  continuation  of  the  study 
of  methods  for  the  determination  of  casein  and  albumin  in  milk  and  the  comparii«on 
of  methods  for  the  determination  of  volatile  acids  in  butter,  as  follows : 

1.  Compare  the  provisional  method  of  saponification,  using  a  reflux  tube  or  con- 
denser (Circular  4,  p.  3) ,  with  the  official  method  prescribing  a  closed  flask. 

2.  Compare  with  the  official  method  of  sapoiyfication  the  Leffman-Beam  method, 
using,  if  possible,  both  fresh  and  rancid  butter.  (See  Analyst,  Vol.  XVI,  p.  153; 
Vol.  XVII,  pp.  65  and  176,  and  Vol.  XXI,  p.  259.) 

The  results  of  the  investigation  of  the  methods  of  saponification  as  outlined  alwve 
were  verj'  satisfactory,  as  shown  by  the  recommendations  of  the  referee. 

In  connection  with  the  reports  of  the  referees  made  at  the  annual  conventions, 
there  have  been  a  number  of  papers  presented  by  members  of  the  association,  on 
subjects  connected  with  the  investigation  of  dairy  products,  and  in  this  connection 
the  following  list  of  papers  may  be  of  interest: 

The  fourth  report  contains  ^'Average  of  analyses  of  American  butters,"  by  Edgar 
Richards,  and  **  Variations  in  the  composition  of  butter,"  by  S.  M.  Babcock.  The 
fifth  report  contains  **The  milk  of  Washington  not  normal,"  by  C.  Richardson; 
"Notes  on  the  method  for  soluble  and  insoluble  fat  acids,"  by  G.  E.  Patrick,  and 
"Refractive  index  of  butter  fat,"  by  H.  W.  Wiley. 

The  eighth  report  has  two  papers,  one  by  W.  W.  Cooke,  on  the  "Analysis  of  sour 
milk,"  and  the  other  by  G.  E.  Patrick,  on  "Composite  milk  samples  in  the  labora- 
tory." In  the  tenth  n^port,  we  find  "The  determination  of  casein  in  cow's  milk," 
"  The  determination  of  fat  in  cheese,"  and  "  The  determination  of  acidity  in  milk," 
b}'  L.  L.  Van  Slyke,  and  "The  determination  of  solids  and  fat  in  milk  by  drying 
with  asbestus  in  a  iK»rf orated  metal  cylinder,"  by  A.  L.  Winton. 

The  eleventh  report  contains  "The  determination  of  albumin  in  cow*s  milk,*'  by 
L.  L.  Van  Slyke,  "Does  cream  lose  fat  on  keeping  a  long  time  with  and  without 
bichromate  of  potash  ?"  *'A  method  of  determining  butter  fat  in  milk  or  cream  by 
difference,"  and  an  abstract  of  an  article  on  "  The  calculation  of  total  solids  in  milk 
from  the  per  cent  of  fat  and  the  specific  gravity,  according  to  the  formulas  of  Bab- 
cock,  Fleischmann,  and  Ilehner  and  Richmond,  compare<l  with  the  gravimetric 
method,"  by  L.  L.  Van  Slyke. 

The  twelith  annual  report  has  a  paper  by  C.  G.  Hopkins  and  W.  A.  Powers  "On 
the  determination  of  the  acidity  of  milk  and  cream." 

In  the  thirteenth  rei)ort  there  is  found  a  paper  by  J.  M.  Bartlett  entitled  "A  mod- 
ification of  the  Balxiock  method  and  apparatus  for  testing  milk  and  cream." 

Report  for  1899.— Ab  the  results  of  suggestions  made  by  Dr.  L.  L.  Van  Slyke  and 
Prof.  C.  L.  Penny,  it  was  decided  to  repeat  the  work  of  last  year  and  in  addition 
compare  the  results  from  a  method  proposed  by  the  referee  of  last  year. 

The  following  letter  was  sent  to  the  chemists  connected  with  the  experiment 
stations : 

Dear  Sir:  As  referee  on  dairy  pro<lucts  of  the  association,  I  would  be  very  glad  to 
have  you  cooperate  in  the  work  of  this  year.  Should  you  find  it  convenient  to  aid  in 
the  work  kindly  let  me  know,  and  samples  will  be  sent  at  any  time  that  is  the  most 
convenient  to  you. 

Yours,  very  respectfully,  J.  B.  Weems. 
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To  those  who  were  willing;  to  aid  in  the  work,  a  sample  of  skim  milk,  containing 
formaldehyde  to  pre8er\''e  it,  was  sent  with  the  following  outline  of  the  methods  for 
comparison: 

Association  ok  Official  Agricultural  Chemists. 

methods  of  the  analysis  of  dairy  products. 

Your  cooperation  is  respectfully  reouested  in  a  comparison  of  the  following  methods 
for  the  determination  of  casein  and  albumin  in  milk: 

I.  Casein  in  milk: 

(1)  Modification  of  provisional  method.  (Acetic  acid  method.  Circular  4,  p.  3.) 
"  Carry  the  method  through  as  described  to  the  washing  of  the  precipitate, 
then  neutralize  the  filtrate  as  exactly  as  possible  with  caustic  alkali,  then 
filter  off  any  precipitate  that  may  form  and  add  it  to  the  fonner  precipitate 
for  the  nitrogen  determination." 

(2)  Alum  method.  "To  10  cc  of  milk  add  50  cc  of  water  at  40°.  Then  add 
1.5  cc  of  alum  solution  saturated  at  40°  or  higher.  If  the  precipitate  fails 
to  settle  promptly,  add  0.5  cc  more  of  the  alum  solution,  inter,  wash  with 
water,  and  use  the  Kjeldahl  method  for  the  determination  of  nitrogen." 

II.  Alfmmin  in  milk : 

Modification  of  provisional  method  :  "  To  the  filtrate  from  the  casein,  according 
to  either  of  the  above  methods,  add  10  cc  of  strong  tannin  solution;  heat, 
filter,  wash  with  water,  and  determine  nitrogen." 

III.  Dilute  60  cc  of  milk  with  300  cc  of  distilled  water  in  a  500  cc  meafiuring  flask, 

then  add  10  cc  of  alum  solution  (see  (2)  alum  method)  to  precipitate  the 
casein,  and  fill  to  the  mark.  Filter  off  50, 100,  or  200  cc,  as  may  be  desired, 
and  determine  the  nitrogen  in  the  usual  manner.  Multiply  the  result  by 
6.25.  Determine  the  total  nitrogen  in  the  sample  of  milk  and  multiply  bv 
6.25  for  total  nitrogenous  compounds  present  in  the  milk.  From  the  result 
obtained  for  total  nitrogenous  compounds  subtract  the  result  obtained  from 
the  filtrate,  and  consider  the  difference  as  casein. 

Methods  I  and  II  are  a  continuation  of  the  work  of  last  }rear.  Ill  is  the 
method  recommended  by  Mr.  C.  L.  Pennv  as  referee  in  his  report  of  last 
year.  In  reporting  results,  kindly  send  all  necessary  data  in  order  that  full 
comparisons  may  be  made. 

J.  B.  Weems,  Referee. 
Ames,  Iowa. 

In  connection  with  the  alx)ve  circular  and  for  the  convenience  of  those  aiding  in 
the  w^ork,  it  was  decided  to  prepare  three  samples  of  skim  milk  to  which  enough 
formaldehyde  was  added  to  preserve  the  samples  for  the  time  necessary  for  transpor- 
tation and  analysis.  Two  of  the  samples  were  sent  to  the  chemists  connected  with 
other  stations,  and  the  other  kept  for  analysis  in  the  station  lalx>ratory.  Sample  1 
was  sent  to  six  stations  and  sample  3  to  five  stations.  To  the  present  time  returns 
have  been  receiveil  from  eight  stations,  and  with  the  work  of  this  station  are  as 
follows: 

SAMPLE  NO.  1. 


Analyst. 


Casein. 


Albumin. 


Modi- 
fication 
of  provi- 

bional 
method. 


Alum 
method. 


Modi- 
fication 
of  provi- 
sional 
method. 


W.  H.  Heileman,  Washington.. 

C.  L.  Penny,  Newark,  Del ' 

W.  B.  Cady,  Missouri 

Maurice  Bird,  Louisiana 

J.  A.  LeClerc,  Geneva,  N.  Y 

L  J.  Mead,  Ames,  Iowa 


Per  cent. 
2.377 
2.300 
2.^0 
2.450 
2.390 
2.160 


Highest. 
Lowest . 


Average . 


2.450 
2.160 


2.336 


Per  cent. 

Per  cent. 

2.300 

0.415 

2.320 

.460 

2.294 

.515 

2.410 

2.340 

.350 

2,190 

.5.>4 

Alum 
method. 


Per  cent. 

0.471 

.560 

.460 
.460 
.5:«J 


Penny's  method. 


Total 

nitrogen 

X  6.25. 


Per  cent. 
3.080 
3.050 
3.052 
8.030 
3.030 
2.912 


Casein. 


Nitrogen 

in  filtrate 

X  6.25. 


Per  cent. 
2.M7 
2.310 
2.233 
2.520 
2.380 
2.079 


Percent. 
0.533 
.740 
.810 
.490 
.650 
.810 


2.410 
2.190 


.554 
.3.-10 


.5W 
.460 


3.080 
2.912 


3.0260 


2.547 
2.079 


.810 
.490 


2.3450 


.672 
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SAMPLE  NO.  2. 


Analyst 


Oaflein. 


Modi- 
fication 
of  provi- 
sional 
method. 


Alum 
method. 


Albumin. 


Modi- 
fication 
of  provi- 
sional 
method. 


Alum 
method. 


Penny's  method. 


Total 

nitrogen 

X6.26. 


Casein. 


Nitrogen 

in  filtrate 

X6.25. 


I.  J.  Mead,  Iowa 

H.  N.  Orettenberg,  Iowa  . 
J.  C.  Brown,  Iowa 

Highest 

Lowest 

Average 


PtT  cfnt. 
2.422 
2.468 
2.488 


Percent. 
2.442 
2.448 
2.426 


Per  oenL 

0.484 

.616 

.467 


Percent, 

0.494 

.496 

.640 


Percent 
8.21 
8.31 
8.25 


Percent 
2.825 
2.280 
2.262 


2.488 
2.422 


2.448 
2.426 


.616 
.467 


.640 
.494 


8.81 
8.21 


2,456  1 


.489 


.510 


8.26 


Per  cent 
0.885 
1.030 
.998 


2.S25 
2. 252 


2.283 


1.080 


.971 


SAMPLE  No.  8. 


N.  E.  Wilson,  Nevada 

2.627 
2.627 
2.627 
2.604 
2.604 

2.594 
2.694 
2.694 
2.627 
2.627 

0.632 
.632 
.582 

0.599 
.599 
.609 
.682 
.632 

8.858 
8.868 
8.868 

2.662 
2.662 

0.681 

.681 

2.614 

2.604 

.532 

.606 

8.358 

2.662  1            .681 

0.  W.  Knight.  Maine 

2.690 
2.630 

2.630 
2.560 

.440 

.560 
.660 

8.380 
3.380 

2.940 
2.940 

.440 

.440 

2.660 

2.595          .440 

.660 

8.880 

2.940 

.440 

A.  J.  Patten,  Maine 

2.620 
2.620 

2.560 
2.620 

.530    1       8.880 
.520    1        8.440 

2.670 
2.630 

.810 

.810 



2.620 

2.590 

.525 

8.410 

2.fi00 

.810 

E.  W.  Woll  and  Alfred  Vivian, 
Wisoonsin 

2.670 
2.660 
2.690 

2.670 
2.660 
2.620 
2.640 

.606 
.549 
.519 

8.240 
8.390 
8.330 

2.454 
2.603 
2.543 

.786 

.787 

.787 

2.600 

2.650 

.526 

8.320 

2.533 

.787 

I.  J.  Mead,  Iowa 

2.489 
2.637 
2.605 

2.479 
2.530 
2.642 

.488 
.622 
.466 

.530 
.495 
.476 

8.300 
8.219 
3.220 

2.601               -TM 

H.  N.  Grettenberg,  Iowa 

J.  C.  Brown,  Iowa 

2.500 
2.410 

.719 
.810 

Highest 

2.660 
2.489 

2.660 
2.479 

.5328 
.440 

.606 
.476 

8.410 
8.219 

2.940 
2.410 

.810 

Lowest 

.440 

Average 

2.675 

2.570 

.492 

.532 

8.815 

2.693 

.720 
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If  the  results  from  the  three  samples  be  compared, we  have  the  following : 


Modifi- 
cation of 
provi- 
sional 
method. 


Alum 
method. 


Penny's 
method. 


Quein. 

Sample  1,  avcra^  of  6  results 

Sample  2.  average  of  3  results 

Samples,  average  of  7  results 

Average  of  the  3  samples 

Albumin, 

Sample  1.  average  of  6  results 

Sample  2,  average  of  3  results 

Samples,  average  of  7  results 

Average  of  the  3  samples 


Percent. 
2.336 
2.466 
2.576 


Percent. 
2.809 
2.438 
2.670 


PeroinL 
2.844 


2. 698 


2.450 


2.436 


2.406 


0.464 
.489 


0.608 
.610 
.682 


0.672 
.971 
.721 


.4816 


.6166 


.787 


As  a  result  of  the  sixteen  analyses  of  the  three  samples  of  milk  we  find  in  the 
determination  of  casein  that  there  is  a  difference  in  the  results  of  the  modification  of 
the  provisional  method  and  the  alum  method  of  0.023  per  cent,  while  the  difference 
between  the  albumin  results  in  the  two  methods  is  0.035  per  cent. 

The  time  for  the  work  of  investigation  being  so  short  this  year,  the  referee  would 
prefer  not  to  make  any  recommendations,  but  would  suggest  a  continuation  of  the 
work  next  year,  with  the  addition  of  other  methods,  in  order  that  the  subject  may 
be  investigated  in  a  thorough  manner  and  be  made  as  complete  as  possible. 

The  president  called  for  papers  on  this  subject  and  also  for  discus- 
sion. Since  the  report  contained  no  recommendations  save  that  the 
work  be  continued  along  the  same  lines  for  another  year,  it  was  not 
referred  to  the  committee  on  recommendations. 

The  president  next  called  for  the  report  of  the  committee  on  recom- 
mendations. Mr.  C.  D.  Woods,  the  chairman  of"  the  committee,  pre- 
sented the  report  orally.  Very  few  recommendations  had  been  made  by 
the  referees,  so  that  the  work  of  the  committee  was  comparatively  light. 
In  regard  to  the  recommendations  of  the  referee  on  fungicides  and 
insecticides  it  was  recommended  that  the  methods  of  analysis,  although 
not  perfect,  be  suggested  tentatively  for  the  use  of  the  members  of  the 
association,  but  that  they  should  not  in  any  sense  be  designated  as 
official. 

The  president  asked  for  a  vote  on  this  recommendation  and  it  was 
unanimously  adopted. 

The  recommendation  of  the  referee  on  potash,  with  a  slight  modi- 
fication of  the  method  of  solution,  was  recommended  for  further  study, 
but  not  for  adoption. 

The  report  of  the  committee  on  recommendations  was  adopted  with- 
out change. 

The  report  of  the  abstract  committee  was  next  presented  by  Mr. 
Allen,  and  on  motion  was  accepted. 
8601— No.  57 8 
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EEPOET  OP  THE  COMMITTEE  ON  ABSTEAOTIHG. 

Mb.  President  and  Members  of  the  Association:  The  work  of  this  committee 
was  organized  with  as  little  delay  as  possible  after  its  designation,  and  the  following 
letter  sent  out  by  the  chairman: 

Washington,  D.  C,  January  16 ^  1899, 


Dear  Sir:  On  account  of  several  changes  in  the  abstract  committee  since  its  desig- 
nation at  the  meeting;  last  November  it  has  only  just  become  possible  to  make  an 
assignment  of  work  for  the  year.  This  assignment,  which  I  hope  will  prove  agree- 
able to  the  members  of  the  committee,  I  have  made  as  follows  : 

E,  W,  AU4ni :  Jour.  Landw. ;  Milch  Ztg, ;  abstracts  in  Analyst,  Chem.  Centrbl.,  Chem. 
Ztc.  Repert. 

J.  T,  Anderscm:  Chem.  Ztg.;  Jour.  Chem.  Soc.  [London]. 

W.  IL  Beal:  Compt.  Rend.;  Bui.  Soc.  Chim.  Paris;  Ztschr.  Angew.  Chem.; 
abstracts  in  Jour.  Chem.  Soc.  [London]. 

E.  B,  Holland :  Amer.  Chem.  Jour. ;  Analyst. 

C,  G.  Jentner:  Ztschr.  Untersuch.  Nahr.  u.  Genussmtl.;  Ztschr.  Physiol.  Chem. 

X.  H.  Merrill:  Jour.  Amer.  Chem.  Soc.;  Jour.  Franklin  Inst. 

Harry  Snyder :  Bui.  Assoc.  Beige  Chim. ;  Rev.  Chim.  Analyt.  et  Appl. ;  Ann.  ScL 
Agron. 

J.  B.  Street:  Landw.  Vers.  Stat.;  Ztschr.  Analyt.  Chem. 

C.  B.  Williaim :  Jour.  Soc.  Chem.  Ind. ;  Chem"  News. 

In  taking  up  the  work  please  b^in  with  the  numbers  of  the  journals  which  you 
have  received  since  January  1,  1899.  It  is  very  important  that  the  journals  should 
be  followed  systematically,  otherwise  important  articles  may  fail  of  notice  in  the 
Experiment  Station  Record.  To  avoid  this  and  to  keep  the  work  up  to  date,  it  has 
seemed  best  to  have  an  understanding  with  the  members  of  the  committee  that  any 
numbers  which  have  Ixjcome  two  months  in  arrears  will  be  abstracted  in  the  Ofl5t* 
of  Experiment  Stations — in  other  words,  that  if  by  force  of  circumstances  you  are 
prevented  from  abstracting  your  journals  for  a  period  you  will  know  that  any  jour- 
nals which  you  have  had  on  hand  for  two  months  or  more  have  been  attended  to  in 
this  office,  and  be  governed  accordingly  in  resuming  the  work.  The  cooperation  of 
all  members  of  the  abstract  committee  is  earnestly  desired,  and  the  object  of  the 
above  arrangement  is,  as  explained,  merely  to  prevent  anv  gaps  in  the  work. 

It  will  be  understood  that  you  are  to  abstract  only  such  original  articles  in  your 
journals  as  relate  to  methods  and  apparatus  for  agricultural  analysis,  not  articles  on 
general  or  industrial  chtmistn'.  For  the  form  of  statement  dl  the  abstract  see 
Experiment  Station  Record,  in  giving  the  reference  please  state  the  name  of  the 
periodical,  using  the  abbreviations  given  above,  the  volume  number  in  figures,  the 
year  in  parentheses,  the  number  within  the  volume  (No.,  Heft,  Fasc.,  etc.K  and  the 
pages  (beginning  and  end  of  the  article)  with  the  number  of  figures.  Please  take 
pains  to  give  full  references  and  to  write  all  names  and  technical  terms  plainly.  The 
abstracts  should  be  signed  by  the  abstracter. 

I  send  you  herewith  a  supply  of  franked  envelopes  to  be  used  in  sending  in  mate- 
rial.    Others  can  be  procured  as  needed.  i 
Very  respectfully,  yours, 

E.  W.  Allen,  Chairman. 

The  work  of  abstracting  has  gone  on  with  r^^larity,  the  abstracts  being  published 
in  the  numbers  of  the  Experiment  Station  Record,  as  heretofore.     On  accoimt  of  the       ' 
shortened  period  of  its  work,  due  to  the  holding  of  the  meeting  of  the  association  at       I 
an  earlier  date  than  usual,  the  aggr^ate  amount  of  matter  published  has  not  l)een 
as  great  as  formerly,  but  relatively  it  is  believed  there  has  been  no  falling  off. 

E.  W.  Allen, 
J.  T.  Anderson, 
W.  H.  Beal, 
E.  B.  Holland, 
C.  G.  Jentner, 
L.  H.  Merrill, 
Harry  Snyder, 
J.  B.  Street, 
C.  B.  Williams, 

Committee, 
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Mr.  B.  F.  Elilgore  then  presented  the  report  of  the  committee  on 
volumetric  standards.  He  remarked  that  this  association  was  the  first 
one  in  this  country  that  had  taken  any  action  in  regard  to  uniformity 
of  standards.  He  had  written  to  the  secretary  of  the  association  last 
year  in  regard  to  bringing  the  action  of  the  association  before  the 
Third  International  Congress  of  Applied  Chemistry,  which  was  held 
in  Vienna,  and  he  would  ask  the  secretary  later  to  give  a  brief  report 
of  what  was  done  at  that  meeting.  In  his  opinion  the  principal  point 
to  be  considered  was  the  fixing  of  a  standard  of  temperature  for  this 
country.  When  in  North  Carolina  he  had  found  that  the  mean  tem- 
perature of  the  working  hours  was  21.8".  In  Mississippi  he  had  made 
a  determination  of  the  mean  temperature  of  the  working  hours  for  six 
months,  and  found  it  to  be  22.9°.  Often  the  temperature  in  his  labo- 
ratory exceeded  30°,  and  this  would  make  a  great  change  in  the  volume 
of  a  liter  flask. 

The  secretary  was  called  upon  to  report  briefly  what  was  done  in 
Vienna  in  regard  to  standards.  Ho  stated  that  the  communication  of 
Mr.  Kilgore  was  brought  officially  before  the  section  on  standard 
measures  for  sugar  analysis.  Attention  was  called  to  the  fact  that  the 
temperatures  in  the  United  States  were  often  very  much  higher  than 
in  Europe.  In  the  laboratory  at  Washington  a  temperature  of  40°  had 
frequently  been  attained. 

Mr.  Frear  called  attention  to  the  fact  that  when  ho  worked  in  the 
laboratory  at  Washington  a  temperature  of  more  than  4:0°  was  obtained 
in  a  room  where  a  muffle  furnace  was  used. 

The  secretary  stated  that  without  any  artificial  heat  it  was  not  unu- 
sual in  the  sunmier  time  for  the  laboratory  to  be  at  blood  heat  or 
above.  The  congress  at  Vienna  voted  unanimously  to  adopt  the  abso- 
lute standard  of  measure,  and  to  discontinue  the  use  of  the  so-called 
Mohr  liter  as  soon  as  possible. 

The  secretary  said  that  the  Mohr  liter  was  true  to  name  in  more 
than  one  respect,  since  it  was  not  only  Mohr,  but  viore^  containing 
1,002.3  cubic  centimeters. 

Mr.  Kilgore  called  attention  to  the  fact  that  a  Mohr  liter  which  had 
been  standardized  at  a  temperature  of  17i°  would  hold  nearly  4  cc 
more  at  30°  than  a  true  liter  flask  at  17i°. 

The  secretary  said  that  in  this  country  we  were  rapidly  achieving 
success  in  the  manufacture  of  instruments  of  precision.  We  already 
made  the  best  standard  measurements  of  length  in  the  world,  and  the 
microscopes  which  were  made  in  Rochester  rivaled  those  manufactured 
by  Zeiss.  Lately  Bausch  &  Lomb,  of  Rochester,  had  sent  to  Wash- 
ington a  complete  set  of  volumetric  apparatus  which  they  guaranteed 
to  be  exact.  There  was,  however,  no  mark  on  any  piece  of  the  set 
which  would  indicate  the  temperature  at  which  it  was  standardized, 
and,  therefore,  without  recalibration  such  a  set  of  apparatus  would  be 
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of  little  utility.  It  was  evident,  the  secretary  said,  that  the  standard 
for  volumetric  apparatus  in  this  country  should  be  fixed  at  a  higher 
temperature  than  17i°,  and  the  temperature  of  22°  or  23°  was  suggested 
as  being  a  convenient  one. 

On  motion,  the  report  of  the  committee  on  volumetric  standards  was 
accepted  and  the  committee  continued  for  further  corroborative  work- 

The  president  then  called  for  the  report  of  the  conunittee  on  nomi- 
nations. The  report  was  presented  by  the  chairman,  Mr.  William 
Prear,  and  is  as  follows: 

EEPOET  or  COMMITTEE  ON  HOMDJATIOHB. 

Gentlemen  of  the  Association  op  Official  Aoricultubists:  Your  oommittee  on 
nominations  respectfully  recoimnend  for  election  to  the  several  elective  offices  of 
this  association  the  following-named  gentlemen: 

For  president,  Mr.  B.  W.  Kilgore,  of  North  Carolina. 

For  vice-president,  Mr.  L.  L.  Van  Slyke,  of  New  York. 

For  secretary,  Mr.  H.  W.  Wiley,  of  Washington,  D.  C. 

For  additional  members  of  the  executive  committee,  Mr.  M.E.  Jaffa,  of  CaUfomia, 
and  Mr.  Arthur  Goss,  of  New  Mexico. 

Respectfully  submitted. 

William  Frear,  Chairman. 

On  motion,  the  secretary  of  the  association  was  directed  to  cast  the 
ballot  of  the  association  for  the  nominees  above  mentioned.  The  sec- 
retary thereupon  cast  the  ballot  for  the  association  and  reported  the 
gentlemen  nominated  for  the  several  offices  unanimously  elected 
thereto. 

The  report  of  the  committee  on  food  standards  was  then  called  for. 

The  secretary  stated  that  as  chairman  of  the  conmiittee  he  had  asked 
Dr.  Frear,  who  was  chairman  of  the  subconmiittee  on  standards,  to 
prepare  and  present  the  report,  which  is  as  follows: 

EEPOET  OP  THE  OOMMPTTEE  ON  POOD  STAITDAEDB. 

Gkntlemen:  Your  committee  appointed  at  the  convention  of  1897  to  consider  the 
feasibility  of  fixing  a  set  of  pure-food  standards,  and  empowered  at  that  time  to  insti- 
tute, without  further  action  on  the  part  of  this  association,  such  cooperative  work  as 
it  deemed  wise,  to  the  end  that  a  set  of  such  standards  might  be  formulated  for  the 
adoption  of  the  association,  respectfully  reports  that  during  the  past  year  work  has 
been  conducted  along  the  lines  indicated  in  the  report  of  this  committee  at  the  meet- 
ing of  1898  (Bulletin  56,  Div.  of  Chem.,  U.  S.  Dept.  Agr.,  pp.  128-130).  From  the 
sulxjommittee  appointed  by  this  committee  to  consider  the  subject  of  classification 
and  standards  it  is  reported  that  Mr.  A,  L.  Winton,  of  the  Connecticut  Station,  has 
completed  the  chemical  examination  of  a  large  series  of  imported  spices  sampled  by 
him  from  the  original  packages;  that  Prof.  F.  W.  Woll  has  completed  the  chemical 
examination  of  sixty  samples  of  American  and  Canadian  dairy  and  table  salts,  and 
has  compiled  a  large  number  of  analyses  of  these  materials  made  by  other  chemists; 
that  Dr.  L.  L.  Van  Slyke  has  gathered  most  of  the  material  needful  for  the  fixing  of 
standards  for  American  dairy  products;  that  Dr.  J.  B.  Lindsey,  whose  serious  illness 
has  prevented  the  formulation  of  his  report,  has  gathered  much  of  the  data  needful 
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for  the  formulation  of  standards  for  grains  and  their  products,  including  cattle  foods; 
that  Prof.  M.  A.  Scovell  reports  the  accumulation  of  most  of  the  needful  data  for 
standards  for  sugars  and  related  substances;  that  Prof.  H.  A.  Huston  reports  that  he 
has  gathered  together  much  of  the  needful  evidence  respecting  substances  artificially 
introduced  with  possible  injury  to  health;  that  Prof.  William  Frear  has  made  a  con- 
siderable number  of  analyses  of  vinegars,  and  compiled  data  upon  that  subject. 

The  rather  short  notice  of  the  present  meeting  and  the  unusually  brief  interval  that 
has  elapsed  since  the  last  meeting  have  made  the  completion  of  the  work  of  your 
committee  to  the  point  of  formulating  a  set  of  standards  for  your  consideration  at 
this  time  impracticable.  The  work  has,  however,  so  far  advanced  that,  in  the  judg- 
ment of  your  committee,  it  will  be  possible  within  a  very  short  time  to  formulate, 
under  certain  broad  canons  of  standardization,  a  set  of  standards  for  the  more  impor- 
tant foods  of  man  and  domestic  animals. 

Since  the  last  meeting  of  this  association  the  Congress  of  the  United  States,  in  con- 
sidering that  national  measure  for  the  prevention  of  misbranding  and  adulteration 
of  foods  and  drugs  indorsed  by  the  National  Pure  Food  and  Drug  Congress,  and  known 
in  the  United  States  Senate  as  the  Faulkner  bill,  and  in  the  United  States  House  of 
Bepresentatives  as  the  Brosius  bill,  has,  through  its  favorable  report  by  the  Com- 
mittee on  Agriculture  of  the  Senate,  and  the  favorable  consideration  by  the  House 
Committee  on  Interstate  Conmierce,  distinctly  indicated  this  association  as  the  proper 
official  advisory  body  with  reference  to  the  chemical  aspects  of  food  standards.  It 
has  been  suggested  by  legal  authorities  in  Congress  that,  in  view  of  prospective  early 
l^slation  for  the  establishing  of  national  control  of  interstate  commerce  in  foods  and 
drugs,  it  is  highly  desirable  that  this  association  should,  as  promptly  as  existing 
information  may  make  it  possible  to  fix  standards  of  strength  and  purity,  prepare 
and  publish  such  a  set  of  standards  to  serve  as  a  guide  in  the  case  of  foods,  just  as 
the  United  States  Pharmacopceia  does  in  the  case  of  drugs,  since  reference  to  such 
standards  in  the  course  of  the  legislation  indicated  may  prove  desirable. 

In  view  of  the  present  forward  condition  of  the  work  assigned  to  it,  so  fiar  as  it 
affects  the  formulation  of  standards,  and  of  the  present  need  for  the  adoption  of  a  set 
of  such  standards,  your  committee  respectfully  recommends  that  it  be  authorized  to 
prepare  and  publish  in  the  name  of  this  association,  and  as  soon  after  this  meeting 
as  it  is  found  practicable,  a  set  of  such  standards  as  it  can  satisfactorily  formulate. 

Bespectfully  submitted. 

H.  W.  Wiley, 
W.  H.  Scovell, 
£.  H.  Jenkins, 
William  Fr£ar, 

Committee. 
July  6,  1899, 

The  secretary  said,  in  discussing  the  report  of  the  committee,  that 
the  matter  under  consideration  was  one  of  the  greatest  importance 
which  had  ever  come  before  the  association.  The  importance  of  fixing 
standards  of  value  for  human  foods  was  a  work  of  great  magnitude 
and  of  the  highest  significance  from  a  legal  aspect.  The  people  of 
this  country  not  only  were  entitled  to. protection  against  fraud  in  foods, 
but  in  order  to  preserve  our  foreign  markets  it  is  absolutely  necessary 
that  a  system  of  national  inspection  be  inaugurated.  The  nations  of 
Europe  are  constantly  seeking  some  pretext  to  close  their  markets 
against  American  food  products.  If  commerce  in  adulterated  foods 
be  allowed  to  go  on  unrestricted  in  this  country,  the  nations  of  Europe 
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may  have  an  apparently  just  cause  for  such  exclusion.  If  the  nations 
of  Europe  levy  a  duty  on  food  products  sent  to  their  country,  no  just 
cause  of  complaint  exists,  because  this  duty  rests  equally  upon  all  out- 
side nations.  When,  however,  a  discrimination  is  made  against  the 
products  of  one  country  on  the  ground  that  they  are  injurious  to 
health  or  adulterated,  such  discrimination  becomes  unbearable  when 
the  facts  of  the  case  do  not  justify  it.  An  instance  of  this  is  seen  in 
the  closing,  or  partial  closing,  of  the  German  markets  to  American 
pork.  Dr.  Stiles,  the  agricultural  attach^  of  the  American  legation  at 
Berlin,  has  investigated  all  the  cases  of  trichinosis  which  have  been 
reported  since  his  residence  in  Berlin.  In  every  case  he  found  that 
the  allegation  that  the  attack  was  caused  by  American  pork  was  false. 
In  not  a  single  instance  had  any  American  pork  been  eaten.  It  is 
evident,  therefore,  that  the  exclusion  of  our  meat  products  on  the 
alleged  ground  that  they  contain  trichinae  is  an  unjust  discrimina- 
tion. Lately  hundreds  of  newspapers  in  Europe  have  published  a 
statement,  attributed  to  me,  that  90  per  cent  of  all  the  food  products 
of  this  country  are  adulterated.  This  statement  arose  from  my  testi- 
mony before  the  Senate  Conmiittee  on  Commerce  in  Chicago  to  this 
eflfect,  namel}^,  that  90  per  cent  of  all  food  products  had  at  some  time 
or  other  been  the  subject  of  adulteration.  Thus  ever}'^  possible  pre- 
text for  excluding  American  food  products  is  employed  to  our 
disadvantage.  The  Congress  of  the  United  States  has  officially 
recognized  this  association  as  the  authority  on  the  subject  of  adulterated 
foods  and  food  standards.  It  is  therefore  of  the  utmost  importance  that 
the  labors  of  the  conunittee  be  completed  at  as  early  a  date  as  possible. 
To  this  end  I  venture  to  ask  this  association  to  authorize  this  commit- 
tee to  complete  its  report,  and  that  when  its  report  is  finished  it  be 
published  and  accepted  as  the  official  action  of  this  association. 
Mr.  Jenkins  offered  the  following  resolution: 

Resolved f  That  the  report  of  the  committee  on  food  standards,  bb  soon  as  com- 
pleted, be  accepted  by  this  association  and  referred  to  the  executive  committee,  and 
when  indorsed  by  the  executive  committee  be  accepted  as  the  authoritative  report  of 
this  association. 

The  motion  was  unanimously  carried. 

The  reports  of  the  conunittees  on  rewriting  methods  of  soil  analysis 
and  on  rewriting  Bulletin  No.  46,  were  presented,  as  follows: 

BEFOBT  OF  THE  OOHIOTTEE  ON  EEWJUTJilG  METHODS  OF  SOIL  AKALYSIS. 

The  committee  on  the  rewriting  of  methods  of  soil  analysis  begs  to  report  that  the 
methods  of  soil  analysis  were  rewritten  by  the  secretary  in  harmony  with  the  author- 
ization given  at  the  last  meeting  of  the  association,  and  are  published  as  a  -psiri  of  Bul- 
letin No.  46  (revised) . 

Respectfully,  M.  A.  Scovell, 

A.  M.  Peteb, 

H.  W.  WiLKY, 

CdmmiUee, 
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BEPOET  or  THE  COMMITTEE  OH  THE  EEWEITnrQ  OF  BULLETIN  NO.  46. 

I  beg  to  submit  the  following  report: 

The  whole  of  Bulletin  No.  46  was  carefully  revised  and  rewritten,  inserting  the 
yarious  amendments  which  have  been  made  from  time  to  time  during  the  past  three 
years,  condensing  the  methods  of  analysis  in  some  cases  and  slightly  changing  the 
phraseology  in  others,  without,  however,  making  alterations  in  the  methods  them- 
selves, as  ratified  by  the  association,  as  a  whole  or  in  part.  A  large  number  of 
members  were  consulted  by  correspondence  and  otherwise  in  the  revision  of  the  work. 

Bulletin  No.  46,  revised,  is  now  offered  as  a  full  report  of  this  committee. 
Respectfully, 

H.  W.  Wiley,  QmmUtee. 

The  secretary  offered  the  following  resolution: 

Resolved,  That  the  thanks  of  this  association  be  extended  to  the  various  committees 
who  have  been  instrumental  in  entertaining  the  Association  of  Official  Agricultural 
Chemists  during  its  meeting  here,  and  especially  to  Mr.  M.  E.  Jaffa,  who  has  so  ear- 
nestly and  faithfully  labored  to  make  our  entertainment  pleasant,  and  our  stay  an 
agreeable  one. 

The  resolution  was  unanimously  adopted,  and  the  secretary  was 
authorized  to  make  suitable  acknowledgments  in  writing  for  the  many 
courtesies  the  associations  had  received. 

The  secretary  offered  the  following  resolution: 

Remlved,  That  the  thanks  of  this  association  are  hereby  tendered  to  our  retiring 
president.  Dr.  R.  C.  Kedzie,  for  the  faithful  and  efficient  manner  in  which  he  has  dis- 
charged the  duties  of  his  position,  and  especially  for  the  able  and  eloquent  address 
which  he  delivered  as  president  of  the  association. 

Mr.  B.  W.  Kilgore,  the  president  elect,  presented  this  motion  to  the 
association,  and  it  was  unanimously  adopted. 

The  president  then  called  upon  the  president  elect  for  any  announce- 
ments which  he  might  have  to  make  in  regard  to  the  appointment  of 
referees  and  committees. 

The  president  elect  (Mr.  Kilgore)  stated  that  he  had  not  had  time  to 
consider  the  matter,  and  therefore  was  unable  to  make  any  announce- 
ments at  present.  He  would  carefully  consider  all  questions,  and 
especially  the  resolution  which  had  been  passed  recoDMnending  him  to 
continue  the  referees  and  associate  referees  without  change.  In  so  far 
as  this  could  be  accomplished  he  would  do  so.  He  would  communi- 
cate to  the  secretary  later  the  names  of  the  referees,  associate  referees, 
and  the  various  committees  authorized  by  the  constitution  and  by 
resolution. 

There  being  no  further  business,  the  association  adjourned  at  12.30 
o'clock,  subject  to  the  call  of  the  executive  committee. 
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CONSTITUTION   OF  THE   ASSOCIATION    OF  OFFICIAL  AGRICULTURAL 

CHEMISTS. 


(1)  This  association  shall  be  known  as  the  Association  of  Official  Agricultural 
Chemists  of  the  United  States.  The  objects  of  the  association  shall  be  (1)  to  secure 
uniformity  and  accuracy  in  the  methods,  results,  and  modes  of  statements  of  analysis 
of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other  materials  connected  with 
agricultural  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of 
interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Department  of  Agricul- 
ture, or  with  any  State  or  national  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,  shall  alone  be  eligible  to  membership; 
and  one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers.  Any  person  eligible 
to  membership  may  become  a  member  at  any  meeting  of  the  association  by  present- 
ing proper  credentials  and  signing  this  constitution.  All  members  of  the  association 
who  lose  their  right  to  such  membership  by  retiring  from  positions  indicated  as 
requisite  for  membership  shall  be  entitled  to  become  honorary  members,  and  to  have 
all  privileges  of  membership,  save  the  right  to  hold  office  and  vote.  All  analytical 
chemists  and  others  interested  in  the  objects  of  the  association  may  attend  its  meet- 
ings and  take  part  in  its  discussions,  but  shall  not  be  entitled  to  enter  motions  or 
vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president,  and 
a  secretary,  who  shall  also  act  as  treasurer;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mittee. When  any  officer  ceases  to  be  a  member  by  reason  of  withdrawing  from  a 
department  or  board  whose  members  are  eligible  to  membership,  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee,  to 
continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  president,  at  the  regular  annual  meeting, 
a  referee  and  associate  referee  for  each  of  the  subjects  to  be  considered  by  the 
association. 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same;  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thereof,  and  recommendations  of  methods  to  be  followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  the  association,  and  at  such  time  as  shall  be  decided  by  the  executive 
committee,  and  announced  at  least  three  months  before  the  time  of  meeting. 
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(7)  No  changes  shall  be  made  in  the  methods  of  fertilizer  analyses,  except  by 
unanimous  consent,  until  an  opportunity  shall  have  been  given  all  official  chemists 
having  chai^  of  fertilizer  work  to  test  the  proposed  changes. 

(8)  Special  meetings  shall  be  called  by  the  executive  committee  when  in  its  judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report  from  such  com- 
mittee may  be  adopted  by  the  approv'al  of  two-thirds  of  the  members  present  entitled 
to  vote. 
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